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Human society is a complex nonequilibrium systeat tthanges and developsneo
stantly. Complexity, multivariability, and contrations of social evolution lead researchers
to a logical conclusion that any simplificationduetion, or neglect of the multiplicity of éa
tors leads inevitably to the multiplication of er@nd to significant misunderstanding of the
processes under study. The view that any simplergéfaws are not observed at all with r
spect to social evolution has become totally dontinégthin the academic community, esp
cially among those who specialize in the Humanitied who confront directly in theier
search the manifold unpredictability of social psses. A way to approach human society as
an extremely complex system is to recognize diffees of abstraction and time scak b
tween different levels. If the main task of sciéatanalysis is to detect the main forces acting
on systems so as to discover fundamental lawssaffiently coarse scale, then abstracting
from details and deviations from general rules rhalp to identify measurable deviations
from these laws in finer detail and shorter timales. Modern achievements in the field of
mathematical modeling suggest that social evolut@m be described with rigorous and-su
ficiently simple macrolaws.

The first book of thelntroduction (Compact Macromodels of the World System
Growth Moscow: Editorial URSS, 200@&)iscusssgeneral regularities of the World System
long-term development. It is shown that they caméscribed mathematically in a rather a
curate way with rather simple models. In this bdlod& authors analyze more complexueg
larities of its dynamics on shorter scales, as weltlgnamics of its constituent parts paying
special attention to "secular" cyclical dynamicsislshown that the structure of millennial
trends cannot be adequately understood withoutaecycles being taken into consideration.
In turn, for an adequate understanding of cycliyadamics the millennial trend background
should be taken into account.
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Introduction: Millennial Trends *

In the first part of ourlntroduction to Social Macrodynamicd<orotayev,
Malkov, and Khaltourina 2006a) we have shown that more than 99% of all the
variation in demographic, economic and cultural macrodynamics of the World
System over the last two millennia can be accounted for by very simple general
mathematical models. Let us start this part with a summary of these findings
along with some relevant new findings that we obtained after the first part of
this Introductionhad been published. This summary is intended for all these i
terested in patterns of social evolution and development, including those who
are not familiar with higher mathematics. Accordingly, we have included some
basic material that mathematically sophisticated readers may wish to skip over
lightly or entirely ignore.

In 1960 von Foerster, Mora, and Amiot published, in the jousc@ncea
striking discovery. They showed that between 1 and 1958 CE the'syuoful-
lation (N) dynamics can be described in an extremely accurate way with an
astonishingly simple equatidn:

C
Nt to _t ] (Ol)
whereN; is the world population at timg and C andt, are constants, witty
corresponding to an absolute limit ("singularity” point) at whickvould be-
come infinite.
Parametety was estimated by von Foerster and his colleagues as 2026.87,
which corresponds to November 13, 2006; this made it possible for them to

! This book is a translation of an amended and enlargesion of the second part of the following
monograph dginally published in Russian: Koporaes, A. B., A.C.Mankos u JI. A. Xan-
TypuHa. 3akousl ucmopuu: Mamemamuueckoe MOOEIUPOBAHUE UCIIOPULECKUX MAKPONPOYE CCOB
(demoepagus. Ixonomuka. Boiinsr). M.: YPCC, 2005.

2 To be exact, the equation proposed by von Foersterhés colleagues looked as follows:

_c
(-0

it can be written more succinctly a9, =

= . However, as has been shown by von Hoerner (1975Kapitza (1992, 1999),

C .
to—t
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suypply their article with a public-relations masterpiece tittioomsday: Fr
day, 13 November, A.D. 2026".

Note that the graphic representation of this equation is nothing but & hype
bola; thus, the growth pattern described is denoted as "hyperbolic"

Let us recollect that the basic hyperbolic equation is

y= k. (0.2)
X

A graphic representation of this equation looks as followk éfjuals.e.g, 5)
(see Diagran®.1):

5
Diagram 0.1. Hyperbolic Curve Produced by Equation Yy = <

y 250
200
150
100
50 \

0 R

T T T L

0 05 1 1.5 2

X

3 Of course, von Foerster and his colleagues did nolyithat the world population on that day
could actually become infinite. The real implicatiwas that the world population growth pattern
that was followed for many centuries prior to 1960 wasuato come to an end and be san
formed into a radically different pattern. Note tliais prediction began to be fulfilled only in a
few years after the "Doomsday" paper was published ésgeKorotayev, Malkov, and Khalte
rina 2006a: Chapter 1).
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The hyperbolic equation can also be written in the following way:

yo K
%" (0.3)

With x, = 2 (andk still equal to 5) this equation will produce the following
curve (see Diagram.2):

Diagram 0.2. Hyperbolic Curve Produced by Equation Y = >
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As can be seen, the curve produced by equafi@) &t Diagram 0.2 is pre@s
ly a mirror image of the hyperbolic curve produced by equatid?) @t Dia-
gramO0.1. Now let us interpret th¥-axis as the axis of time-éxis), theY-axis
as the axis of the worklpopulation (counted in millions), reax, with 2027
(that isthe result of just rounding of von Foester’s number, 2026.87), anda-
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placek with 215000° This gives us a version of von Foerster's equation with
certain parameters:

215000

T 2027 -t (0.4)

t

In fact, von Foerster's equation suggests a rather unlikely thing. It tbaysf

you would like to know the world population (in millions) for a certgéear,
then you should just subtract this year from 2027 and then di¢®@0Pby the
difference. At first glance, such an algorithm seems most unlikely t&; wor
however, let us check if it does. Let us start with 1970. To estimate the world
population in 1970 using von Foerster's equation we first subtract fi@M0
2027, to get 57. Now the only remaining thing is to divide 21500ddyigure

just obtained (that is, 57), and we should arrive at the figure for tHd papu-
lation in 1970 (in millions):215000+ 57 = 3771.9. According to the U.SuB
reau of the Census database (2006), the world population in 1970 0&4 37
million. Of course, none of the U.S. Bureau of the Census expertd waist

that the world population in 1970 was precisely 3708.1 million. After all, the
census data is absent or unreliable for this year for many countriest, ithéac
result produced by von Foerster's equation falls well within the error reargin
for empirical estimates.

Now let us calculate the world population in 1900. It is clear that in order to
do this we should simply divide 215000 million by 127; this gives31&8lion,
which turns out to be precisely within the range of the extant empiridal est
mates (16001710 million)?

Let us do the same operation for the y&80Q 2027 — 1800 = 227;
215000+ 227 = 947.1 (million). According to empirical estimates, the world
population for 1800 indeed was between 900 and 980 mflli@t.us repeat the
operation for 17002027 - 1700 = 337; 215006 337 = 640 (million). Once
again, we find ourselves within the margins of available empirical estimates
(600-679 million).” Let us repeat the algorithm once more, for the &®0
2027- 1400 = 627; 215000 627 = 343 (million).Yet again, we see that the
result falls within the error margins of available world population estimates for
this date® The overall correlation between the curve generated by von Foerster's

4 Note that the value of coefficiekt{equivalent to parametétin equation (1)) used by us is a bit
different from the one used by von Foerster.

5 Thomlinson 1975; Durand 1977; McEvedy and Jones 19F8b&n 1980; Haub 1995; Modelski
2003; UN Population Division 2006; U.S. Bureau & ensus 2006.

5 Thomlinson 1975; McEvedy and Jones 1978; Biraben 19@@elski 2003; UN Population iD
vision 2006; U.S. Bureau of the Census 2006.

” Thomlinson 1975; McEvedy and Jones 1978; Biraben 18B@{dison 2001; Modelski 2003;
U.S. Bureau of the Census 2006.

8350 million (McEvedy and Jones 1978), 374 million (B&nl.980).
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equation and the most detailed series of empirical estimates looks as follows
(see Diagram 0.3):

Diagram 0.3. Correlation between Empirical Estimates of World
Population (in millions, 1000 — 1970) and the Curve

Generated by von Foerster's Equation
4000

NOTE: black markers coer
spond to empirical estimates
the world population b
McEvedy and Jones (1978) -
1000-1950 and the U.S. B
reau of the Census (2006)
195G6-1970. The grey curve h
been generated by von Fe
2000 ster's equation (0.4).
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The formal characteristics are as follow® = 0.998; R® = 0.996;
p=9.4x 10" =1 x 10 For readersinfamiliar with mathematical statistics:

R? can be regarded as a measure of the fit between the dynamics generated by a
mathematical model and the empirically observed situation, and can be inte
preted as the proportion of the variation accounted for by the respectae equ
tion. Note that 0.996 also can be expressed as 99BHts, von Foerster's
equation accounts for an astonishing 99.6% of all the macrovariatiworld
population, from1000 CE throughl197Q as estimated by McEvedy and Jones
(1978) and the U.S. Bureau of the Census (2806).

% The second characteristip, (standing for "probability”) is a measure of the datfen's statist
cal significance. A bit counterintuitively, the lonthe value op, the higher the statistical signi
icance of the respective correlation. This is becauselicates the probability that the observed
correlation could be accounted solely by chancesTihe 0.99 indicates an extremely lowast
tistical significance, as it means that there are 98a#sout of 100 that the observed correlation
is the result of a coincidence, and, thus, we can le gonfident that there is no systematiarel
tionship (at least, of the kind that we study) betw#entwo respective variables. On the other
hand,p = 1 x 10™® indicates an extremely high statistical significanaetiie correlation, as it
means that there is only one chance out of 100000000QQ0 that the observed correlation is
the result of pure coincidence (in fact, a correlatis usually considered as statistically signif
cant withp < 0.05).

10 |n fact, with slightly different parameter§ € 164890.45t, = 2014) the fit R%) between the yt
namics generated by von Foerster's equation and the ragetmn of world population for CE
1000- 1970 as estimated by McEvedy and Jones (1978) and theBur&au of the Census
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Note also that the empirical estimates of world population find themselves
aligned in an extremely neat way along the hyperbolic curve, which conyincin
ly justifies the designation of the pre-1970s world population growth pattern
"hyperbolic".

Von Foerster and his colleagues detected the hyperbolic pattern of world
population growth for 1 CE1958 CE; later it was shown that this patterm€o
tinued for a few years after 1958and also thiait can be traced for many i
lennia BCE (Kapitza 1992, 1999; Kremer 1993)ndeed, the McEvedy and
Jones (1978) estimates for world population for the pes@@D-500BCE are
described rather accurately by a hyperbolic equaffén=(0.996); and this fi
remains rather high for 40000200 BCE & = 0.990) (see below Appendix 2).
The overall shape of the wotkdpopulation dynamics in 40000 BGEL970 CE
also follows the hyperbolic pattern quite well (see Diagran 0.4

Diagram 0.4. World Population Dynamics, 40000 BCE — 1970 CE
(in millions): the fit between predictions of a hyperbolic
model and the observed data

4000

3000 1

2000

1000 ¥

—
" predicted

0o - ® observed
-40000 -30000 -20000 -10000 (o)
-35000 -25000 -15000 -5000 5000

NOTE: R = 0.998,R? = 0.996,p << 0.0001. Black markers correspond to empirical estimdtes o
the world population by McEvedy and Jones (1978) arairi€r (1993) for 10001950, as well as

(2006) reaches 0.9992 (99.92%), whereas for 500 BAB70CE this fit increases to 0.9993
(99.93%) (with the following parameteiG:= 171042.78f, = 2016).

11 Note that after the 1960s, world population dedafrom the hyperbolic pattern more and more
at present it definitely is no longer hyperbolic (seg, Korotayev, Malkov, and Khaltourina
2006a Chapter 1).

121 fact, Kremer asserts the presence of this pattece dimillion BCE; Kapitza, since 4 million
BCE! We, however, are not prepared to accept thesms)diecause it is far from clear even who
constituted the "world populatiorifi, say, 1 million BCE, let alone how their number coudgiéd
beenempirically estimated.
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the U.S. Bureau of the Census (2006) data for 18800 The solid line has been generated by the
following version of von Foerster's equation:

189648
vt 2022t

A usual objection €.g, Shishkov 2005) against the statement that the overall
pattern of world population growth until the 1970s was hyperbolic isllasvio

Since ve simply do not know the exact population of the world for mostusf h
man history (and especially, before Ci#g do not have enough information to
detect the general shape of the world population dynamics through mast of h
man history. Thus, there are insufficient grounds to accept the statemeng that th
overall shape of the world population dynamics in 40000 BAR70 CE was
hyperbolic.

At first glance this objection looks very convincing. For example, BCE
the world population estimates range from 170 million (McEvedy and Jones
1978) to 330 million (Durand 1977), whereas for 10000 BGEe#timate range
becomes even more dramatic:10 million (Thomlinson 1975). Indeed, it
seems evident that with such uncertain empirical data, we are simply unable to
identify the long-term trend of world population macrodynamics.

However, notwithstanding the apparent persuasiveness of this objection, we
cannot accept it. Let us demonstrate why.

Let us start with 10000 CE. As was mentioned above, we have only a rather
vague idea about how many people lived on the Earth that time. However, we
can be reasonably confident that it was more than 1 million, and less than 10
million. Note that this is not even a guesstimate. Indeed, we know which parts
of the world were populated by that time (most of it, in fact), what &frelb-
sistence economies were praeti (see,e.g, Peregrine and Ember 2001), and
what the maximum number of people 100 square kilometers could supftort w
any of these subsistence economies (@eg,Korotayev 1991). Thus, we know
that with foraging technologies practiced by human populations in 10000 BCE,
the Earth could not have suppedtmore than 10 million people (and the actual
world population is very likely to have been substantially smaller). Regarding
world population in 40000 BCE, we can be sure only that it was soatewh
smaller than in 10000 BCE. We do not know what exactly the differease w
but as we shall see below, this is not important for us in the context diighis
cussion.

The available estimates of world population between 10000 BCE and 1 CE
can, of course, be regarded as educated guesstimates. However, in 2 €E the si
uation changes substantially, because this is the year of the "earliest preserved
census in the world" (Bielenstein 1987: 14). Note also that this census was pe
formed in China, one of the countries that is most important for us icdis

13 Note that at that time these economies were exclusivedging (though quite intensive in a few
areas of the world [see,g, Grinin 2003b]).
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text. This census recorded 59 million taxable inhabitants of Chiga Bielen-
stein 1947: 126, 1986: 240; Durand 1960: 216; Loewe 1986: 20&)7.671
million according to a later re-evaluation by Bielenstein (1987244p to the
18" century the Chinese counts tended to underestimate the population, since
before this they were not real census, but rather registrations for taxation p
poses; in any country a large number of people would do their best to escape
such a registration in order to avoid paying taxes, and it is quite clear that some
part of the Chinese population normally succeeded in this ¢sgeDurand
1960). Hence, at least we can be confident that in 2 CE the world population
was no less than 57.671 million. It is also quite clear that the world population
was substantially more than that. For this time we also have data from a census
of the Roman ciienry (for 14 CE), which, together with information on Roman
social structure and data from narrative and archaeological sources, makes it
possible to identify with a rather high degree of confidence the ordeagri-m
tude of the population of the Roman Empire (with available estimates in the
range of 4580 million [Durand 1977: 274]). Textual sources and archaeolog
cal data also make it possible to identify the order of magnitude of theapopul
tion of the Parthian Empire (220 million), and of India (56100 million) (Du-
rand 1977). Data on the population for other regions warrant lesisleang
but it is still quite clear that their total population was much smaller than that of
the four above-mentioned regions (which in 2 CE comprised mose afdhd
population). Archaeological evidence suggests that population density for the
rest of the worldwould have been considerably lower than in the "Foer R
gions" themselves. In general, then, we can be quite sure that the warld-pop
tion in 2 CE could scarcely have been less than 150 miilias very unlikely
that it was more than 350 million.

Let us move now to 1800E. For this time we have much better population
data than ever before for most of Europe, the United States, '€ Higypt®,
India, Japan, and so on (Durand 1977). Hence, for this year wbecgunite
confident that world population caliscarcely have been less than 850 million
and more than 1 billion. The situation with population statistics furtmer i
proves by 190 for which time there is not much doubt that world population
this year was within the range ®6006-1750 million. Finally, by 1960 popat
tion statistics had improved dramatically, and we can be quite confident that
world population then was within the range of 298000 million.

14 0r 57.671 million according to a later re-evaluatity Bielenstein (1987: 14).

15 Due to the separation of the census registration frartax assessment conducted in the first
half of the 18 century, the Chinese population in 1800 had no substmgiason for avoiding
the census registration. Therefore, the Chinese censaigaddhis time are particularly reliable
(e.g, Durand 1960: 238; see also Chapter 2 of this book).

16 Dye to the first scientific estimation of the Egyptiarppiation performed by the members of
the scientific mission that accompanied Napoleon to Eg@igphard 1818).

17With a notable exception of China (Durand 1960;aiee below Chapter 2).
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Now let us plot the mid points of the above mentioned estimate ranges and
connect the respective points. We will get the following picture (see Di
gram 0.5):

Diagram 0.5

3000 @®—
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O . T T T T T T T
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As we see the resulting pattern of world population dynamics has an uranistak
bly hyperbolic shape. Now you can experiment and move any points wighin th
estimate ranges as much as you like. You will see that the overall hyperbolic
shape of the long-term world population dynamics will remain intact. What is
more, you can fill the space between the points with any estimates you find.
You will see that the overall shape of the world population dynamics will a
ways remain distinctly hyperbolic. Replace, for example, the estimates of
McEvedy and Jones (1978) used by us earlier for Diagram 0.4 ianbe -
tween 10000 BCE and 1900 CE with the ones of Biraben (198 {{mat g@-

erally Biraben's estimates are situated in the opposite side of the estimate range
in relation to the ones of McEvedy and Jones). You will get the followiag pi
ture (see Diagram 0.6):
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Diagram 0.6
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As we see, the overall shape of the world population dynamics remains- unmi
takably hyperbolic.

So what is the explanationrfthis apparent paradox? Why, though world
population estimates are evidently infirm for most of human history, cdrewe
sure that long-term world population dynamics pattern was hyperbolic?

The answer is simple, for in the period in question the world population
grew by orders of magnitude. It is true that for most part of humsary we
cannot be at all confident of the exact value within a given order of magnitude.
But with respect to any time-point within any period in question, we calt be a
ready perfectly confident about the order of magnitude of the world giigu
Hence, it is clear that whatever discoveries are made in the future, whatever re-
evaluations are performed, the probability that they will show that the overall
world population growth pattern in 40000 BEEL970 CE was not hyperbolic
(but, say, exponential or lineal) is very close to zero indeed.

Note that if von Foerster, Mora, and Amiot also had at their disposal; in a
dition to world population data, data on the world GDP dynamics 48713
(published, however, only in 2001 by Maddison [Maddison 20Qkgy could
have made another striking "prediction'that on Saturday, 23 July, A.R005
an "economic doomsday" would take place; that is, on that day the world GDP
would become infinite if the economic growth trend observed-t913 CE
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continued. They also would have found that #1973 CE the world GDP
growth followeda quadratic-hyperbolic rather than simple hyperbolic pattern.

Indeed, Maddison's estimates of the world GDP dynamics-fb973 CE
are almost perfectly approximated by the following equation:

~Cc
(to—1)? "

whereG,; is the world GDP (in billions of 1990 international dollars, in jpase
ing power parity [PPP]) in yedr C = 17355487.3 anth = 2005.56 (see @
gram 0.7):

Diagram 0.7. World GDP Dynamics, 1-1973 CE (in billions of 1990 in-
ternational dollars, PPP): the fit between predictions of a quadratic-
hyperbolic model and the observed data

G = (0.5)
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NOTE: R = .9993,R? = .9986,p << .0001. The black markers correspond to Maddison's (2801) e
timates (Maddison's estimates of the world per capita GDPO@® CE has been corrected on the
basis of Meliantsev [1996, 2003, 2004a, 2004b]). Tl golid line has been generated by the fo
lowing equation:

G— 17749573.

 (2006-1)2
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Actually, as was mentioned above, the best fit is aeldievith C = 17355487.3 anth = 2005.56
(which gives just the "doomsday Saturday, 23 July, 20@#lt we have decided to keep hereafter
to integer numbered years.

The only difference between the simple and quadratic hyperbolas is that the
simple hyperbola is described mathematically with equa@d):(

k
y=_, (0.2)
X
whereas the quadratic hyperbolic equationiasstead of jusk:
k
y=—. (0.6)
X

Of course, this equation can also be written as follows:

k

y:(Xo—X)2 .

(0.7)

It is this equation that was used above to describe the world economic dynamics
between 1 and 1973 CE. The algorithm for calculating the world GDPestill r
mains very simplekE.g, to calculate the world GDP in 1905 (in billions of 1990
international dollars, PPP), one should first subtract 1905 from, 20@%han

to divide C (17355487.3) not by the resultant difference (100), but by its square
(10¢ = 10000).

Those readers who are not familiar with mathematical models of population
hyperbolic growth should have a lot of questions at this pdidbw could the
long-term macrodynamics of the most complex social system be described so
accurately with such simple equations? Why do these equations look so
strange? Why, indeed, can we estimate the world population irx\geaaca-
rately just by subtracting from the "Doomsday" year and dividing somenco
stant with the resultant difference? And why, if we want to know the world GDP
in this year, should we square the difference prior to dividing? Wésyhe ty-
perbolic growth of the world population accompanied by the quadratia-hype
bolic growth of the world GDP? Is this a coincidence? Or are the hyperbolic
growth of the world population and the quadratic hyperbolic growth of the
world GDP just two sides of one coin, two logically connected aspects of the
same process?

In the first part of outntroduction to Social Macrodynamiage have tried
to provide answers to this question and these answers are summarized below

18 Whereas the answers to the questions regarding theatjeallyperbolic growth of the world
GDP might not have been quite clear even for thoaders who know the hyperbolic dem
graphic models.
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However, before starting this we would like to state that our experience
shows that most readers who are not familiar with mathematics stop reading
books (at least our books) as soon as they come across the-Wdiffisrential
equation”. Thus, we have to ask such readers not to get scared with thegresen
of these words in the next passage and to move further. You will see that it is
not as difficult to understand differential equations (or, at least, some of those
equations), as one might think

To start with, the von Foerster equatior, — c

, IS just the solution

tO
for the following differential equation (see.g, Korotayev, Malkov, and
Khaltourina 2006a: 1120):

dN  N?

a C° 08
This equation can be also written as:

dN 2

at =aN“, (0.9)

wherea = i.
C

What is the meaning of this mathematical expressiM, _ ,n2? In our
dt

contextdN/dt denotes the absolute population growth rate at some moment of
time. Hence, this equation states that the absolute population growth naye at a
moment of time should be proportional to the square of population at ¢his m
ment.

Note that by dividing both parts of equation (0.9) vitkve will get the fd-
lowing:

d—N: N =aN (0.10)
dt '

dN o : . . .
Further, note thata: N is just a designation of the relative population

growth rate. Indeed, as we rememl/dtis the absolute population growth
rate at a certain moment of time. Imagine that at this moment the popubdition (
is 100 million and the absolute population growth rati/dt) is 1 million a
year. If we divide nowdNdt = 1 million) by (N = 100 million) we will get
0.01, or 1%; which would mean that the relative population growth rate at this
moment is 1% a year.
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If we denote relative population growth ratergswe will get a particularly
simple version of the hyperbolic equation:

ry =aN (0.10)

Thus, with hyperbolic growth the relative population growth raggié linearly
proportional to the population sizdl)( Note that this significantly demystifies
the problem of the world population hyperbolic growth. Now to explainhthis
perbolic growth we should just explain why for many millennia the warjalip
lation's absolute growth rate tended to be proportional to the square dfpghe p
lation.

We believe that the most significant progress towards the development of a
compact mathematical model providing a convincing answer to this question
has been achieved by Michael Kremer (1993), whose model will be &umm
rized next.

Kremer's model is based on the following assumptions:

1) First of all he makes "the Malthusian (1978) assumption that population
is limited by the available technology, so that the growth rate of population is
proportional to the growth rate of technology" (Kremer 1993:--881° This
statement looks quite convincing. Indeed, throughout most of humaryhtsto
world population was limited by the technologically determined ceiling of the
carrying capacity of land. As was mentioned above, with foraging sulzsisten
technologies the Earth could not support more than 10 million people, becaus
the amount of naturally available useful biomass on this planet is limited, and
the world population could only grow over this limit when the people started to
apply various means to artificially increase the amount of available biomass,
that is with the transition from foraging to food production. Howeverextan-
sive agriculture also can only support a limited number of people, and further
growth of the world population only became possible with the intensificafion
agriculture and other technological improvements.

This assumption is modeled by Kremer in the following way. Krerser a
sumes that overall output produced by the world economy equals

G=rTN?, (0.11)

whereG is output,T is the level of technology is population, 0 <. < 1 andr
are parameterd. With constantT (that is, without any technological growth)

19 |n addition to this, the absolute growth rate is pripoal to the populationstf — with a given
relative growth rate a larger population will ingse more in absolute numbers than a smaller
one.

20 Kremer uses the following symbols to denote respectiviablas: Y — output,p — population,

A - the level of technologyetc; while describing Kremer's models we will employ the symbols
(closer to the Kapitza's [1992, 1999]) used in our rhadgurally without distorting the sense of
Kremer's equations.
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this equation generates Malthusian dynamics. For example, let us assume that
o= 0.5, and thaT is constant. Let us recollect tH¥t® is just VN. Thus, a four

time expansion of the population will lead to a twofold increase in output (as
V4 = 2). In fact, here Kremer models Ricardo's law of diminishing returfzs to

bor (1817), which in the absence of technological growth producesiaithu-

sian dynamics. Indeed, if the population grows 4 times, and the output grows
only twice, this will naturally lead to a twofold decrease of per capita output.
How could this affect population dynamics?

Kremer assumes that "population increases above some steady stdbe equili
rium level of per capita incomem, and decreases below it" (Kremer
1993:685). Hence, with the decline of per capita income, the population growth
will slow down and will become close to zero when the per capita incpme a
proachean. Note that such a dynamics was actually rather typical for agrarian
societies, and its mechanisms are known very wigltleed, if per capitant
comes decline closely to, it means the decline of nutrition and health status of
most population, which will lead to an increase in mortality @aslbw down of
population growth (sees.g, Malthus 1978 [1798]; Postan 1950, 1972; Abel
1974, 1980; Cameron 1989; Artzrouni and Komlos 1985; Komlos\afedov
2002; Turchin 2003; Nefedov 2004 and Chaptef3 Below). Thus, with oo
stant technology, population will not be able to exceed the level at which per
capita incomed = G/N) becomes equal to. This implies that for any given
level of technological developmen)(there is "a unique level of population,
nd," that cannot be exceeded with the given level of technology (Kremer
1993:685). Note thah 3 can be also interpreted as the Earth carrying capacity,
that is, the maximum number of people that the Earth can support with the given
level of technology.

However, as is well known, the technological level is not a constant, but a
variable. And in order to describe its dynamics Kremer employs his second
basic assumption:

2) "High population spurs technological change because it increases the
numberof potential inventors...?* In a larger population there will be prapo
tionally more people lucky or smart enough to come up with new ideas* (Kr
mer 1993: 685), thus, "the growth rate of technology is proportimnédtal
population"?® In fact, here Kremer uses the main assumption of the Endogenous
Technological Growth theory (Kuznets 1960; Grossman and Helpman 1991;
Aghion and Howitt 1992, 1998; Simon 1977, 1981, 2000; Komlos\middov

21 "This implication flows naturally from the nonrivalry of technology... The cost of inventing a
new technology is independent of the number of peaple use it. Thus, holding constant the
share of resources devoted to research, an increaspuapon leads to an increase in techn
logical change" (Kremer 1993: 681).

22 Note that "the growth rate of technology" means ltieeerelative growth rate.¢., the level to
which technology will grow in a given unit of time proportion to the level observed at thee b
ginning of this period).
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2002; Jones 1995, 2003, 206te). As this supposition, to our knowledge, was
first proposed by Simon Kuznets (1960), we shall denote the corresponding
type of dynamics as "Kuznetsiafi'while the systems invhich the "Kuzneé
sian" population-technological dynamics is combined with the "Malthusian”
demographic one will be denoted as "Malthusian-Kuznetsian". In genexal, w
find this assumption rather plausiblein fact, it is quite probable that, other
things being equal, within a given period of time, one billion people will make
approximately one thousand times more inventions than one million people.
This assumption is expressed by Kremer mathematically in the following
way:

d—T =bNT (0.12)

dt

Actually, this equation says just that the absolute technological growth rate at a
given moment of time is proportional to the technological level observedsat thi
moment (the wider is the technological base, the more inventions could be made
on its basis), and, on the other hand, it is proportional to the popu{#imn
larger the population, the higher the number of potential inverftbrs).

In his basic model Kremer assumes "that population adjusts instantaneously
to nd" (1993: 685); he further combines technology and population detrmin
tion equations and demonstrates that their interaction produces just tme hype
bolic population growth (Kremer 1993: 685 see also Podlazov 2000, 2001,
2002, 2004; Tsirel 2004; Korotayev, Malkov, and Khaltourina 2006s3@)1

Kremer's model provides a rather convincing explanatiomhyfthroughout
most of human history the world population followed the hyperbolic pattern
with the absolute population growth rate tending to be proportiorisf.t6or
example, why will the growth of population from, say, 10 million t® 1gil-
lion, result in the growth ofiN/dt 100 times? Kremer's model explains tlas r
ther convincingly (though Kremer himself does not appear to have spelled this
out in a sufficiently clear way). The point is that the growth of worlolubation
from 10 to 100 million implies that human technology also grew approximately
10 times (given that it will have proven, after all, to be able to support a ten
times larger population). On the other hand, the growtpaipulation 10 times
also impliesa 10-fold growth of the number of potential inventors, and, heace,
10-fold increase in the relative technological growth rate. Hence, the absolute
technological growth rate will grow 10 x 10 = 100 times (as, in accordance with
equation 0.12), an order of magnitude higher number of people having at their
disposal an order of magnitude wider technological basis would tend to make

2 In Economic Anthropology it is usually denoted as "BopEm" (seege.g, Boserup 1965; Lee
1986).

24 Kremer did not test this hypothesis empirically in @ctiway. Note, however, that our owm-e
pirical test of this hypothesis has supported it (see belgpeAdix 1).
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two orders of magnitude more inventions). And\etends tathe technologida
ly determined carrying capacity ceilingre have good reason to expect that
dN/dtwill also grow just by about 100 times.

In fact, Kremer's model suggests that the hyperbolic pattern of the'svorld
population growth could be accounted for by the nonlinear second oder
tive feedback mechanism that was shown long ago to generate just tihhe hype
balic growth, known also as the "blow-up regime" (seg, Kurdjumov 1999;
Knjazeva and Kurdjumov 2005). In our case this nonlinear secated pos
tive feedback looks as follows: the more peoptee more potential inventors
the faster technological growththe faster growth of the Earth's carrying aapa
ity — the faster population growthwith more people you also have mo@- p
tential inventors- hence, faster technological growth, and so on (see Diagram
0.8):

Diagram 0.8. Block Scheme of the Nonlinear Second Order Positive
Feedback between Technological Development
and Demographic Growth (version 1)

Acceleration | < The Earth carrying | == | Higher

of population|€—/| capacity grows &—[technology
growth faster

Hoo]+ +| T +

Larger + |‘Mare potential + [Acceleration of

population |=—>|inventors — technological growth

In fact, this positive feedback can be graphed even more succinctly @ee Di
gram 0.9a):
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Diagram 0.9a. Block Scheme of the Nonlinear Second Order Positive
Feedback between Technological Development
and Demographic Growth (version 2)

Relative +.=.. Relative
technological population
growth rate & growth rate

_|_

Note that the relationship between technological development and demographic
growth cannot be analyzed through any simple cause-and-effect moded, as w
observe a true dynamic relationship between these two proeesaeb of them

is both the cause and the effect of the other.

It is remarkable that Kremer's model suggests ways to answer one of the
main objections raised against the hyperbolic models of the world's population
growth. Indeed, at present the mathematical models of world population growth
as hyperbolic have not been accepted by the academic social science Eommun
ty [The title of the most recent article by a social scientist discussing Kapitza's
model, "Demographic Adventures of a Physicist" (Shishkov 2005), is rather
telling in this respect]. We believe that there are substantial reasons for such a
position, and that the authors of the respective models are as much to blame for
this rejection as are social scientists

Indeed, all thee models are based on an assumption that world population
can be treated as having been an integrated system for many centuries, if not
millennia, before 1492. Already in 1960, von Foerster, Mora, and t’speled
out this assumption in a rather explicit way:

"However, what may be true for elements which, because of leattenfuate commiin
cation among each other, have to resort to a competitive, {8lmero-sum multiperson
game may be false for elements that possess a system of commuonidaith enables
them to form coalitions until all elements are so strongly linked tleapdipulation as a
whole can be considered from a game-theoretical point of vievsiagla person pia
ing a two-person game with nature as its opponent” (von Foek&tea, and Amiot
1960:1292).

However, dide.g, in 1-1500 CE, the inhabitants of, say, Central Asia, Teasm
nia, Hawaii, Terra del Fuego, the Kalahett. (that is, just the world popai

tion) really have "adequate communication” to mékeelements... so strorg-

ly linked that the population as a whole can be considered from a game-
theoretical point of view as a single person playing a two-person gameawith n
ture as its opponent"? For any historically minded social scientist the answer to
this question is perfectly clear and, of course, it is squarely negative.sfgain
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this background it is hardly surprising that those social scientists whdhgawve
pened to come across hyperbolic models for world population growth have
tended to treat them merely as "demographic adventures of physicists" (note
that indeed, nine out of eleven currently known authors of such madels
physicists); none of the respective authors (von Foerster, Mora, and Amiot
1960; von Hoerner 1975; Kapitza 1992, 1999; Kremer 1993; Cohen 1995;
Podlazov 2000, 2001, 2002, 2004; Johansen and Sornette 20G;2D8i4)

after all, has provided any convincing answer to the question above.

However, it is not so difficult to provide such an answer.

The hyperbolic trend observed for the world population growth afted(00
BCE doesappear to be primarily a product of the growth of quite a real system,
a system that seems to have originated in West Asia around that time in direct
connection with the Neolithic Revolution. With Andre Gunder Frank (1990,
1993; Frank and Gills 1994), we denote this system as "the World Sysieen" (
also,e.g, Modelski2000,2003; Devezas and Modelski 2003). The presence of
the hyperbolic trend itself indicates that the major part of the entity in question
had some systemic unity, and the evidence for this unity is readily available. |
deed, we have evidence for the systematic spread of major innovatiomes{do
ticated cereals, cattle, sheep, goats, horses, plow, wheel, copper, bronze, and
later iron technology, and so on) throughout the whole North Afridaarasian
Oikumene for a few millennia BCE (see.,g, Chubarov 1991, or Diamond
1999for a synthesis of such evidence). As a result, the evolution of societies of
this part of the world already at this time cannot be regarded as truly imdepen
ent. By the end of the®Imillennium BCE we observe a belt of cultures, stretc
ing from the Atlantic to the Pacific, with an astonishingly similar level ¢f cu
tural complexity characterized by agricultural production of wheat and other
specific cereals, the breeding of cattle, sheep, and goats; use of thér@how
metallurgy, and wheeled transport; development of professional armies and
cavalries deploying rather similar weapons; elaborate bureaucracies, and Axial
Age ideologies, and so oenthis list could be extended for pages). A few-mi
lennia before, we would find another belt of societies strikingly sirmiléevel
and character of cultural complexity, stretching from the Balkans up tamthe |
dus Valley outskirts (Peregrine and Ember 2001: vols. 4 and 8; Peregrine
2003) Note that in both cases, the respective entities included the major part of
the contemporary worldl population (seee.g. McEvedy and Jones 1978ub
rand 1977etc). We would interpret this as a tangible result of the Worls- Sy
tems functioning. The alternative explanations would involve a sort of mmirac
lous scenarie- that these cultures with strikingly similar levels and character of
complexity somehow developed independently of one another in a very large
but continuous zone, while for some reason nothing comparable toaiem
peared elsewhere in the other parts of the world, which were not parts of the
World System. We find such an alternative explanation highly implausible.
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Thus, we would tend to treat the world populasdryperbolic growth pa
tern as reflecting the growth of quite a real entity, the World System.

A few other points seem to be relevant here. Of course there would be no
grounds for speaking about a World System stretching from the Atlaritie to
Pacific, even at the beginning of th& rillennium CE, if we applied the "bulk-
good" criterion suggested by Wallerstein (1974, 1987, 2004), as theneowas
movement of bulk goods at all between, say, China and Europe at thissime (
we have no reason to disagree with Wallerstein in his classification of'the 1
century Chinese silk reaching Europe as a luxury rather @ahlamk good).
However, the T century CE (and even thé' millennium BCE) World System
definitely qualifies as such if we apply the "softer" information-network ériter
on suggested by Chase-Dunn and Hall (1997). Note that at our level of analysis
the presence of an information network covering the whole World Systam is
perfectly sufficient condition, which makes it possible to consider this system as
a single evolving entity. Yes, in thé' inillennium BCE any bulk goods could
hardly penetrate from the Pacific coast of Eurasia to its Atlantic coast.\Howe
er, the World System had reached by that time such a level of integration that
iron metallurgy could spread through the whole of the World System vathin
few centuries.

Yes, in the millennia preceding the European colonization of Tasmania its
population dynamics oscillating around the 4000 leve.¢, Diamond 1999}
were not influenced by World System population dynamics and did nat infl
ence it at all. However, such facts just suggest that since thenill@nnium
BCE the dynamics of the world population reflect very closely just thendyna
ics of the World System population.

On the basis of Kremer's model we (Korotayev, Malkov, and Khaltourina
2006a 34-66) have developed a mathematical model that describes not only
the hyperbolic world population growth, but also the macrodynamics of the
world GDP production up to 1973:

G=KkTN*, (0.11)
dN
—— =Kk,SN, 1
Pl (0.13)
daT
——=ksNT, 12
e 3 (0.12)

where G is the world GDP T is the World System technological levé\,is
population, ancsis the surplus produceder person, over the amount)(min-
imally necessary to reproduce the population with a zero growth rate it-ra Ma
thusian system (thu§, = g— m, whereg denotes per capita GDR; ks, ks, and

o (0 <a < 1) are parameters.
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We have also shown (Korotayev, Malkov, and Khaltourina 20066634
that this model can be further simplified to the following form

dN
——=aSN, 0.13
at (0.13)
ds
— =bNS, (0.14)
dt
while the world GDP @) can be calculated using the following equation
G =mN + SN. (0.15)

Note that the mathematical analysis of the basic model (0.11)-(0.13)-(0.12
suggests that during the "Malthusian-Kuznetsian" macroperiod of human hist
ry (that is, up to the 196P¢he amount ofS (per capita surplus produced at the
given level of World System developmgshould be proportional, in the long
run, to the World Systespopulation S = KN Our statistical analysis of alai
able empirical data has confirmed this theoretical proportionality (Korotayev,
Malkov, and Khaltourina 2006a: 490). Thus, in the right-hand side of exju

tion (0.13 Scan be replaced witkN, and as a result we arrive at the following
equation

AN _ jan? (0.9¥°
dt
As we remember, the solution of this type of differential equat®ns
C
\ (0.1)

(th-t)

and this produces simply a hyperbolic curve
As, according to our modeh can be approximated &8\, its long-term ¢-
namics can be approximated with the following equation
kC
to—t

Thus, the long-term dynamics of the most dynamic component of the world
GDP, SN "the world surplus product ", can be approximated as follows

S_ (0.16)

SN= <& (017)

2 Thus we arrive, on a theoretical basis, at the diffeakequation discovered empirically by von
Hoerner (1975) and Kapitza (1992, 1999).
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Of course, this suggests that the long-term world GDP dynamics up to the early
1970s must be approximated better by a quadratic hyperbola than by a simple
one; and, as we could see above (see Diagram 0.7), this approximarisn wo
very effectively indeed.

Thus, up to the 1970s the hyperbolic growth of the world populatam
accompanied by the quadratic-hyperbolic growth of the world GDP, just as is
suggested by our model. Note that the hyperbolic growth of the worldgopu
tion and the quadratic hyperbolic growth of the world GDP are very tightly
connected processes, actually two sides of the same coin, two dimensioas of on
process propelled by the nonlinear second order positive feedback beop
tween the technological development and demographic growth (see Diagram
0.9b):

Diagram 0.9b. Block Scheme of the Nonlinear Second Order Positive
Feedback between Technological Development
and Demographic Growth (version 3)
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We have also demonstrated (Korotayev, Malkov, and Khaltourina 2006a: 67
80) that the World System populatistiiteracy () dynamics are rather accugat
ly describedoy the following differential equation

dl
— —aSla-1| (0.18)
e a-1),

wherel is the proportion of the population that is litey&és per capita surplus,
anda s a constantn fact, this is a version of the autocatalytic mottdias the
following sense: the literacy growth is proportional to the fraction of tipei-po
lation that is literatel, (potential teachers), to the fraction of the population that
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is illiterate, (1-1) (potential pupils), and to the amount of per capita sui@lus
since it can be used to support educational programs (in addition t& this,
flects the technological leval that implies, among other things, the level ef d
velopment of educational technologies). Note that, from a mathematical point of
view, equation (0.18) can be regarded as logistic where saturation is reached at
literacy levell = 1, and S is responsible for the speed with which this level is
being approached

It is important to stress that with low valued ¢ivhich would correspond to
most of human history, with recent decades being the exception), the nate of
crease in world literacy generated by this model (against the backgroupd of h
perbolic growth ofS) can be approximated rather accusates hyperbolidsee
Diagram 0.10):

Diagram 0.10. World Literacy Dynamics, 1 — 1980 CE (%%):
the fit between predictions of the hyperbolic model
and the observed data
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NOTE: R = 0.997,R? = 0.994,p << 0.0001. Black dots correspond to UNESCO/World Bank
(2005) estimates for the period since 1970, and to ktska's (1996, 2003, 2004a, 2004b)-est
mates for the earlier period. The grey solid line has geaerated by the following equation:

3769.264

© (2040-1)2
The best-fit values of parametafs(3769.264) and, (2040) have been calculated with the least
squares method.

t
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The overall number of literate people is proportional both to the literacy level
and to the overall population. As both of these variables experienced hyperbolic
growth untilthe 1960s/1970s, one has sufficient grounds to expect thatemtil r
cently the overall number of literate people in the woklf®was growing not

just hyperbolically, but rather in a quadratic-hyperbolic way (as was world
GDP). Our empirical test has confirmed thithe quadratic-hyperbolic model
describes the growth of the literate population of this planet with an extremely
good fit indeed (see Diagram 0.11):

Diagram 0.11. World Literate Population Dynamics, 1 — 1980 CE
(L, millions): the fit between predictions of the quadratic-hyperbolic mod-
el and the observed data
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NOTE: R = 0.9997,R? = 0.9994,p << 0.0001. The black dots correspond to UNESCO/World
Bank (2006) estimates for the period since 1970, amMeltantsev's (1996, 2003, 2004a, 2004b)
estimates for the earlier period; we have also takienaiocount the changes of age structure on the
basis of UN Population Division (2006) data. The ggeld line has been generated by the foto
ing equation:
4958551
L= 5

(2033-1)
The best-fit values of parametars(4958551) andy (2033) have been calculated with the least
squares method.

% Since literacy appeared, almost all of the Earth'matiéepopulation has lived within the World
System; hence, the literate population of the Earththa literate population of the World Sy
tem have been almost perfectly synonymous
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Similar processes are observed with respect to world urbanization, the- macr
dynamics of which appear to be described by the differential equation

du

whereu is the proportion of the population that is urb&is per capita surplus
produced with the given level of the World Systtechnological devejn
ment,b is a constant, andj,, is the maximum possible proportion of thepu-

lation that can be urbaNote that this model implies that during the "Malthus
anKuznetsian" era of the blow-up regime, the hyperbolic growth of wa¥ld u
banization must have been accompanied by a quadratic-hyperbolic growth of
the urban population of the world, which is supported by our empirical test
(see Diagrams 0.123):

Diagram 0.12. World Megaurbanization Dynamics (% of the world pop-
ulation living in cities with > 250 thousand inhabitants), 10000 BCE —
1960 CE: the fit between predictions of the hyperbolic model and empiri-
cal estimates
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NOTE: R = 0.987,R? = 0.974,p << 0.0001. The black dots correspond to estimates afidiéra
(1987), UN Population Division (2005), and Whiteal. (2006). The grey solid line has beemge
erated by the following equation:

_ 403.012

 (1990-1)

t

The best-fit values of parametefs(403.012) andy (1990) have been calculated with the least
squares method. For a comparison, the besRfit ¢btained here for the exponential model is
0.492.
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Diagram 0.13. Dynamics of World Urban Population Living in Cities with
> 250000 Inhabitants (mins.), 10000 BCE — 1960 CE: the fit between
predictions of the quadratic-hyperbolic model and the observed data
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Within this context it is hardly surprising to find that the general macradyna
ics of the size of the largest settlement within the World System are aldo qua
ratic-hyperbolic (see Diagram 0.14):

Diagram 0.14. Dynamics of Size of the Largest Settlement of the World
(thousands of inhabitants), 10000 BCE — 1950 CE: the fit between pre-

dictions of the quadratic-hyperbolic model and the observed data
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As has been demonstrated by cross-cultural anthropologistse(ged\aroll

and Divale 1976; Levinson and Malone 1980: 34), for pre-agrarian,iagrar
and early industrial cultures the size of the largest settlement is a rather effective
indicator of the general sociocultural complexity of a social system. This, of
course, suggests that the World Syssegeneral sociocultural complexity also
grew, in the "Malthusian-Kuznetsian" era, in a generally quadratic-hyperbolic
way.

It is world literacy for which it is most evident that its hyperbolic growth
could not continue, for any significant period, after the &860s after all, the
literacy rate by definition cannot exce®d0 per cent just by definitiarWhat is
more, since the 1970s the saturation effedscribed by our model started-b
ing felt more and more strolygand the rate of world litecys growth began to
slow (see Diagram 0.15):

Diagram 0.15. World Literacy Growth Dynamics, 1975 — 1995, the in-
crease in percentage of adult literate population, by five-year periods
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However, already before this, the hyperbolic growth of world literacy &titeo
other indicators of the human capital development had launched the process of
diverging from the blow-up regime, signaling the end of the era of bgper
growth. As has been shown by us earlier (Korotayev, Malkov, anttdtniaa
2006a: 6786), hyperbolic growth of population (as well as of cities, schools
etc) is only observed at relatively low (< 0i%., < 50%) levels of world lite

acy. In order to describe the World Systsmemographic dynamics in the last
decades (as well as in the near future), it has turned out to be necessary to e
tend the equation system (0.13)-(0.b¥ adding to it equation (0.21), and by
adding to equation (0.13) the multiplier<1), which results in equation (0.20),
and produces a mathematical model that describes not only the hypegsolic d

27 On the ground, the saturation effect means, for exartferaising literacy from 98 to 100 per
cent of the adult population would require much ntore and effort than would raising it from
50 to 52 per cent.
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velopment of the World System up to the 1960s/1970s, but also its wididraw
from the blow-up regime afterwards

dN
i — (0.20
i aSN1-1)
dS_ pns. (0.14)
dt
dl _
¢~ csla-n. (0.21)

We would like to stress that in no way are we claiming that the literacy growth
is the only factor causing the demographic transition. Important roles were also
played here by such factors as, for example, the development of medical care
and social security subsystems. These variables, together with literacy, can be
regarded as different parameters of one integrative variable, the human capital
development index. These variables are connected with demographic dynamics
in a way rather similar to the one described above for literacy. At the beginning
of the demographic transition, the development of the social security subsystem
correlates rather closely with the decline of mortality rates, as both are caused
by essentially the same proximate factadhe GDP per capita growth. Howe

er, during the second phase, social security development produces quitga stro
independent effect on fertility rates through the elimination of one of the main
traditional incentives for the maximization of the number of children in time fa

ily.

The influence of the development of medical care on demographic dynamics
shows even closer parallels with the effect produced by literacy growth. Note
first of all that the development of modern medical care is connected in the
most direct way with the development of the education subsystem. On the other
hand, during the first phase of the demographic transition, the development of
medical care acts as one of the most important factors in decreasing mortality.
In the meantime, when the need to decrease fertility rates reaches critical levels,
it is the medical care subsystem that develops more and more effective family
planning technologies. It is remarkable that this need arises as a result®f the d
crease in mortality rates, which could not reach critically low levels without the
medical care subsystem being sufficiently developed. Hence, when the need to
decrease fertility rates reaches critical levels, those in need, almost by defin
tion, find the medical care subsystem sufficiently developed to satisfy this need
quite rapidly and effectively.

Let us recollect that the pattern of literacy's impact on demographicndyna
ics has an almost identical shape: the maximum values of population growth
rates cannot be reached without a certain level of economic development, which
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cannot be achieved without literacy rates reaching substantial levels. Hence,
again almost by definition, the fact that the system reached the maximum level
of population growth rates implies that literacgspecially of females had &

tained such a level that its negative impact on fertility rates would causepopul
tion growth ratego start to decline. On the other hand, the level of development
of both medical care and social security subsystems displays a veryirong
relation with literacy (see Korotayev, Malkov, and Khaltourina 2006apCha
ter 7). Thus, literacy rate turns out to be a very strong predictoe afetelp-

ment of both medical care and social security subsystems.

Note that in reality, as well as in our model, both the decline of mortality at
the beginning of the demographic transition (which caused a demographic e
plosion) and the decline of fertility during its second phase (causingnzatic
decrease of population growth rates) were ultimately produced by essentially
the same factor (human capital growth); there is therefore no needtfinds
clude mortality and fertility as separate variables in our model. On the other
hand, literacy has turned out to be a rather sensitive indicator of the plevelo
ment level of human capital, which has made it possible to avoid including its
other parameters as separate variables in extended macromodels (foremore d
tail see Korotayev, Malkov, and Khaltourina 2006a: Chapter 7).

Model (0.20)-0.14)-(0.2) describes mathematically the divergence from
the blow-up regime not only for world population and literacy dynamicsgbut
so for world economic dynamics. However, this model does not describe the
slowdown of the World System's economic growth observed after 19¥3.
cording to the model, the relative rate of world GDP growth should have co
tinued to increase even after the World System began to diverge from the blow-
up regime, though more and more slowly. In reality, however, a@té8 ive
observe not just a decline in the speed with which the world GDP rate grows
we observe a decline in the world GDP growth rate itself @ge,Maddison
2001). It appears that model (0.20)-(0.14)-(0.21) would desdtie recent
world economic dynamics if the @ 1) multiplier were added not only to its
first equation, but also to the second (0.14). This multiplier might havéolth
lowing sens: the literate population is more inclined to direct a larger sHare o
its GDP to resource restoration and to prefer resource economizing strategies
than is the illiterate one, which, on the one hand, paves the way towasd a
tainable-development trajectory, but, on the other hand, slows downdhe ec
nomic growth rate (cpe.g, Liuri 2005).

Note that development, according to this scenario, does not invalidate Kr
mer's technological growth equation (0.12). Thus, the modified modelmees
ply that the World Systemdivergence from the blow-up regime would $tab
lize the world population, the world GDP, and some other World-Syseem d
velopment indicatorse(g, urbanization and literacy as a result of saturation,
i.e., the achievement of the ultimate possible level); technological growth, ho
ever, will continue, though in exponential rather than hyperbolic.form
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Due to the continuation of technological growth, the ending of growth in the
world's GDP will not entail a cessation of growth in the standard of livinigeof
world's populationA continuing rise in the world's standard of living is most
likely to be achieved due to the so-called "Nordhaus effect" (Nordhaus.1997)
The essence of this effect can be spelled out as follows: imagine that you are
going to buy a new computer and plan to spend $1000 anNbig imagine
what computer you would have been able to buy with the same $10Q@dirse
aga Of course, the computer that you will be able to buy with $1000 now will
be much better, much more effective, much more produetivehan the cm-
puter that you could have bought with the same $1000 five yearslagever,
open a current World Bank handbook and you will see that the present-day
$1000, in terms of purchasing power parity (PPP), constitutes a significantly
smaller sum than did the $1000 of five years.agwe point is that traditional
measures of economic growth (above all, the GDP as measured in international
PPP dollars) reflect less and less the actual growth of the standard of Isding (e
pecially in more developed countries). Imagine a firm that in 2001 produced
million computers and sold them at $1000 a piece, in 2006 the samerdirm p
duced 1 million 100 thousand new, much more effective computerstitbut
sells them (due to increasing competition) at $1000 a piece (let us also imagine
that the firm has managed to reduce production costs and thus incretisigsl bo
profits and employees' salarieBjow will this affect GDP, both in the country
in which the firm operates, and in the world as a whdtefact, the effect is
most likely to be exactly zerdn 2006 the firm produces computers for a total
price of 1100 million 2006 international PPP dollaiswever, the World Bank
will recalculate this sum into 2001 international PPP dollars and will find out
that 1100 million 2006 international PPP dollars equal just 1000 milb@i 2
international PPP dollar§ hus, technological progress sufficient to raise the
level of life of a significant number of people will in no way affect the World
Bank GDP statistics, according to which it will appear that the above-mentioned
technological advance has led to GDP increase at neither the country nor the
world level

The point is that the traditional GDP measures of production growth work
really well when they are connected with the growth of consumption of scarce
resources (including labor resources); however, if the production gtalel
place without an increase in the consumption of scarce resources, it may well go
undetectedThe modified macromodel predicts such a situation when the World
System's divergence from the blow-up regime will have resulted in the cessation
of the resource-consuming World GDP production in its traditional measures,
accompanied by the transition to exponential (in place of hyperbolic) growth of
technology through which an increasing standard of living will be achieved
without the growth of scarce-resource consumption

Because the macrodynamics of the World System's development obey a set
of rather simple laws having extremely simple mathematical descriptions, the
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macroproportions between the main indicators of that development cas be d
scribed rather accurately with the following series of approximations:
N~S~I~u
G~L~U~N~S~F~u~SN-etc.
where (let us recollect) is the world populationSis per capita surplus @+
duced, at the given level of the World System’s technological development,
over the "hungry survival' levem that is necessary for simple (with zero
growth) demographic reproductiohis world literacy, the proportion of literate
people among the adult (> 14 year old) population of the warisiworld ur-
banization the proportion of the world population living in citie§ is the
world GDP;L is the literate population of the world; abds the urban popat
tion of the world Yes, for the era of hyperbolic growth the absolute rate of
growth ofN (but, incidentally, also 0§, | andu) in the long-ruris describeda-
ther accuratef] askN? (Kapitza 1992, 1999): yet, with a comparable degree of
accuracy it can be described RSN k& or (apparently with a somehow
smaller precision) a&G, kL, kU, k1% kU?, etc.

It appears important to stress that the present-day decrease of the World
System's growth rates differs radically from the decreases that inheredlin osci
lations of the pastThis is not merely part of a new oscillation; rather, it is a
phase transition to a new development regime that differs radically from the one
typical of all previous history. Note, first of all, that all previous cases afcred
tion of world population growth took place against the background tef ca
strophic declines in the standard of living, and were caused mainly by increases
in mortality as a result of various cataclysmsvars, famines, epidemics; and
that after the end of such calamities the population, having restored its numbers
in a relatively rapid way, returned to the earlier hyperbolic trajectory. In sharp
contrast, the present day decline of the world population's growth rate takes
place against the background of rapid economic growth and is protyced
radically different cause the decline of fertility rates that is occurring precisely
because rising standards of living for the majority of the World Systopls
lation have meant the growth of education, health care (including variohs met
ods and means of family planning), social secugtg, Decrease in the rate of
growth of literacy and urbanization was not infrequent in the earlier epéchs e
ther; but in those epochs it was connected with economic decline, whereas now
it takes place against the contrary background of rapid economic growtis, and
connected to the closeness of the saturation level. Earlier declines, we might
say, reflected a deficit of economic resources, whereas the present one reflects
their abundance.

It appears necessary to stress that the models discussed above haee been d
signed to describe long-term ("millennial”) trends, whereas when we analyze
social macrodynamics at shorter ("secular") time scales we also have to-take i

28 However, foru the fit of this description appears to be smaller than frebt of variables.
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to account its cyclical (as well as stochastic) components; it is these components
that will be the main task of the present part of miroduction to Social
MacrodynamicsTo begin with, the actual dynamics typical for agrarian polit
caldemographic cycles are usually the opposite of those that are theoretically
described by "millennial" models and actually observed at the millennial scale
For example, as we shall see below, during agrarian political-demographic ¢
cles the population normally grew much faster than technology, which naturally
resulted in Malthusian dynamics: population growth was accompanied not by
increase, but by decrease of per capita production, usually leading togboliti
demographic collapse and the start of a new cycle.

In Chapter 1, we shall review available mathematical models of political-
demographic cycles. In Chapter 2, we shall consider in more detail political-
demographic cycles in China, where long-term population dynamics have been
recorded more thoroughly than elsewhere. In Chapter 3 we shall present our
own model of pre-Industrial political-demographic cycles. Finally, in Chapter 4
we shall consider the interaction between long-term trends and cyclicahdyna
ics.
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Secular Cycles

We believe that one of the most important recent findings in the study of the
long-term dynamic social processes was the discovery of the political-demo-
graphic cycles as a basic feature of complex agrarian systems' dyhamics.

The presence of political-demographic cycles in the pre-modern history of
Europe and China has been known for quite a long targ, Postan 1950,
1973; Abel 1974, 1980; Le Roy Ladurie 1974; Hodder 1978; Braudiés;1
Chao 1986; Cameron 1989; Goldstone 1991; Kul'pin 1990; Mugruzin, 1986
1994 etc), and already in the 1980s more or less developed mathematital mo
els of demographic cycles started to be produced (first of all for Chingse "d
nastic cycles") (Usher 1989). At the moment we have a very considerafle nu
ber of such models (Chu and Lee 1994; Nefedov 1999e, 2002a; 2004
S. Malkov, Kovalev, and A. Malkov 2000S. Malkov and A. Malkov 2000;
Malkov and Sergeev 2002, 2004a, 2004b; Malkval. 2002; Malkov 2002
2003, 2004; Turchin 2003, 2005a

Recently the most important contributions to the development of theemath
matical models of demographic cycles have been made by Sergey Nefedov, P
ter Turchin and Sergey Malkov. What is important is that on the basis of their
models Nefedov, Turchin and Malkov have managed to demonstrate th@t dem
graphic cycles were a basic feature of complex agrarian systems (and aet a sp
cifically Chinese, or European phenomenon).

Nefedov (2004) starts with the population model developed by Raymond
Pearl (1926) and described by the logistic equation suggested by Vevtanist (
hulst 1838 see alsoe.g, Riznichenko2002 Korotayev, Malkov, and Kh&du-
rina 2006):

1 As these cycles are of an order eRIcenturies, it was suggested by Turchin (2003, 2005b) t
denote them as "secular cycles". We would also likectm@awledge that it also was Peter
Turchin who in October 2002 suggested to us to denetendcrotrends we are dealing with in
this Introduction to Social Macrodynamies "millennial trends".

2 There are also a rather large number of pre-indugtoigulation-economy dynamic models-d
signed to account for "the escape from Malthusian Treggher than for the structure of pre-
industrial population cycles (Artzrouni and Komlos 198%inmann and Komlos 1988; Komlos
and Artzrouni 1990; Steinmann, Prskawetz, and Feichtinger 1998; Wood 1998; Kogel and
Prskawetz 2001)
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N _ - Ny
dt C

whereN is population,r is rate of natural growth, and is maximum carrying
capacity.
This results in dynamics demonstrated in Diagrant 1.1

Diagram 1.1. Dynamics Generated by Raymond Pearl's Model
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Fig. 1. The logistics curve and the curve of
consumption per capita

Starting from this basis Nefedov developed his mathematical model of pre-
industrial sociodemographic cycles. The basic logic of these models looks as
follows: after the population reaches the ceiling of the carrying capacity of land
its growth rate declines toward zero values and the system experiencés signif
cant stress with decline of the living standards of common population, Sncrea
ing severity of famines, growing rebellioat. As has been shown by Nefedov,

3 From Nefedov 2004.



Secular Cycles 39

most complex agrarian systems had considerable resengalfility, however,

within 50-150 years these reserves usually got exhausted and the system exp
rienceda demographic collapse, when increasingly severe famines, epidemics,
increasing internal warfare and other disasters led to a considerable decline of
population. As a result of this collapse, free resources became available, per
capita production and consumption considerably increased, the population
growth resumednd a new demographic cycle started. It has turned out to be
possible to model these dynamics mathematically in a rather effective way.

It seems necessary to stress that a new generation of models has moved far
beyond this basic logic. For example, models now describe effects of class
structure and elite overproduction; the new models predict dynamics of a great
number of variables like food prices, urbanization levels, growth of wedith di
ferentiation and so on. These models have achieved a rather close fibwith o
served data. As an example, we present a diagram from a recent article by
Nefedov (2004) displaying the social and economic dynamics for the East Han
cycle predicted by Nefedov's model and the ones actually observed in historical
sources (see Diagrain2).

Diagram 1.2. Social and Economic Dynamics of China
in the Later Han Period (Nefedov 2004: 77)
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As we have already mentioned, a new generation of demographic cycle models
has made it possible to show that demographic cycles were a basic feature of
complex agrarian systems (and not a specifically Chinese, or European ph
nomenon).
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It is not very often that we have direct evidence for long-term trends for both
population numbers and consumption rates. It is very rare that we have long-
term data on both variable dynamics within a cycle (as for Qing Chin®iaee
gram 13):

Diagram 1.3. Population and Consumption in China in the Qing Epoch
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NOTE: Adopted from Nefedov 2003: 5. The data onyda#ges are from Chao 198518-9. The
data on population are from Zhao and Xie 1988t-2.

Much more frequently we have data just for one of such variables. Thus, fo
most Chinese dynastic cycles we have data on population dynamice.(see,
Diagrams 1.4 and 1.5), and usually they display dynamics quite close to the
those predicted by demographic cycle models:
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Diagram 1.4. Population in Early Tang China
(number of households in millions)
(Nefedov 1999c. Fig. 2).
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Diagram 1.5. Population in Late Tang China
(the number of households in millions)
(Nefedov 1999c. Fig. 3).
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Note that the form of the population curves is quite close to the one predicted
by Nefedov's model.

We have practically no long-term population data outside China (and, to
some extent, Europe), and this made it difficult to detect demographic cycles
outside Europe and China. However, not so infrequently we can finetdomg
data on some other variables predicted by Nefedov's model (first of all per cap
ta consumption rates), and quite regularly they have just the form predicted by
Nefedov's model (seeg.g, Diagrams 1.68):

Diagram 1.6. Consumption Dynamics in Babylonia
in the 6th — early 5th centuries BC
(Nefedov 2003: Fig. 4)

77

603-562 556-539 530-5322 322-486

NOTE: The numbers indicate the amount of barley @rdithat an unskilled worker could buy on
his daily wage.
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Diagram 1.7. Consumption Dynamics in Northern India
in the late 16™ — 17" centuries (Nefedov 2003: Fig. 12).

1595 1637 AGT -9

NOTE: The numbers indicate the amount of wheat imsliteat an unskilled worker could buy for
his daily wage

Diagram 1.8. Consumption Dynamics in Egypt
in the early 8th — 11th centuries
(Nefedov 2003: Fig. 8)
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NOTE: Daily wages of unskilled workers. The data on mahiages are from Ashtor 1976: 201.

The real wages were calculated by Nefedov as amoumhedt (in decaliters), which an unskilled
worker could buy for his daily wage.
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Using such indirect data, as well as his system of qualitative indicatorsi-of var
ous phases of demographic cycles Nefedov (1999a, 1999b, 1999d, 1999
1999e, 2000, 20014, 2001b, 2002a, 2002b, 2003, 2005,e2c) has managed

to detect more than 40 demographic cycles in the history of various ancient and
medieval societies of Eurasia and North Africa, thus demonstrating thag-the d
mographic cycles are not specific for Chinese and European history ohly, bu
should be regarded as a general feature of complex agrarian system dynamics.

We would like to discuss in some detail three approaches to modeling of
demographic cycles: Turchin's (2003) models, another by Chu and Leé)(199
and finally, the model of Nefedov (1999e, 2002a; 2004).

The "demographic-fiscal" model developed by Turchin (20088-27,
208-13) connects population dynamics, state resources and internal warfare. In
this model the elites controlling the state are not assumed to be selfiska-It is r
ther assumed "that the state has a positive effect on population dynaraics; sp
cifically, it increase [the carrying capacity]" (Turchin 200322). "There are
many mechanisms by which the state can increase the carryingtgapahe
strong state protects the productive population from external and internal (ba
ditry, civil war) threats, and thus allows the whole cultivable area to be put into
productbn... The second general mechanism is that states often invest in in-
creasing agricultural productivity by constructing irrigation canals and roads, by
implementing flood control measures, by clearing land from foregtsAgain,
the end result of these measures is an increase in the number of people that can
be gainfully employed growing foodle., the carrying capacity" (Turchin 2003
120-1). Thus the depletion of state resources and state breakdown are assumed
to be leading to the decline of the carrying capacity and, thus, demograbkhic co
lapse. As in all the other demographic cycle models the per capita rate of su
plus production is assumed to be a declining function of population nsmber
whereas the state expenditures are assumed to be proportional to population
size. Within this model "the rate of changeSiktate resources] is determined
by the balance of two opposing forces: revenues and expenditures. N\When
[population] is low, increasing it results in greater revenues (more workers
means more taxes). The growth in state expenditures lags behind the revenues,
and the state's surplus accumulatesNAscreases, however, the growth iwvre
enues ceases, and actually begins to decline. This is a result of dimineshing r
turns on agricultural labor. However, the expenditures continue to mount. At
population densityN = N4, the revenues and expenditures become (briefly)
balanced. Unfortunately, population growth continues toward the carrging ¢
pacity, k, and the gap between the state's expenditures and revenues rapidly b
comes catastrophic. As a result, the state quickly spends any resources that have
been accumulated during better times. W8&@comes zero, the state is unable
to pay the army, the bureaucrats, and maintain infrastructure: the stats-collap
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es", which leads to a radical decline of the carrying capacity of land anat dem
graphic collapse (Turchin 200323).

Turchin has also developed a number of elegant models of populgtion d
namics, where the peasant-elite interaction plays the role of the maia-mech
nism of state breakdown. When the population size becomes large, feod su
plies are exhausted and the elite multiplies out of conttbén state collapse is
observed, followed by a significant decrease in the number of peasdatgeA
number of elite cannot be supported by a shrunken population, soaiethe
elite decreases, and the cycle of growth starts over. A resulting feature is that we
do not observe the population to climb up to its carrying capacity andtsaguir
a certain level before a collapse (for a more detailed analysis of these models
see the next issue of olntroduction to Social Macrodynami¢Korotayev and
Khaltourina 2006]). Also, the elite behaves in a strictly selfish manner; it does
not play a role in food redistributior.g, to provide food for starving people
during time of famine); this mechanism, however, is important when modeling
Chinese demographic cycles.

The interesting model of Chu and Lee combines elements of mathematical
modeling and statistical analysis/best fit approach. The main idea is vecy attra
tive. The population consists of rulers, peasants and bandits (rulersehedg
ed with soldiers, drafted every year at a constant rate). The populaticontes s
intrinsic growth rate, that is, the rate at which it increases given unlimated r
sources. As the density increases, the resources get scarce, and theageowth
decreases (this is an effect of overpopulation). At the same time, therexs a flu
of people from peasants to bandits aiw versaEach person faces a choice of
either working in the field or "defecting" and getting his food by mezns
force. The soldiers are supported by taxation and they fight the bartditsa-T
tional choice is based on evaluating the "utility function” of peasants and ba
dits and it depends on external circumstances such as the degree to which agr
cultural resources are damaged by warfare. The utility function is a combination
of the food share received and the probability of survival.

As the density of the population grows, it becomes more and more likely
that people choose to become bandits and fight for their food insteadmfigyro
it. This leads to the reduction in population numbers and the cycle starts over.

Chu and Lee did not specify their model to the extent where it cam-be i
plemented directly. Instead, they used it as a tool to improve the fitting of real
historical data. Information on warfare and winter temperatures was included in
the form of exogenous variables, and the frequency of peasant rebellions was
modeled based on the expected fraction of the rebels, calculated by the model.
This gave an excellent fit to the existing data.

Another interesting idea presented by Chu and Li are the two possible e
planations of the irregularity of the historigaolitical-demographic cycles. One
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explanation is simply the ("external") stochasticity of the climatic conditions.
The other one is the intrinsic chaotic behavior of the dynamics system.d>epen
ing on parameter values, the simplified system analyzed by the authors has been
shown to undergo a series of period-doubling bifurcations and a trantitio
chaos.

What is slightly disappointing is that the authors did not include the effects
of an annually changing crop yield (which is a function of climate fluctugtions
Nor did they include the positive role of the ruling class in food redistribution
(which is especially salient precisely in the Chinese case on which their model
is based). Moreover, the historical temperature data proved to be irrelevant for
the fit. These points will be addressed in more detail when we talk about our
model (see Chapter 3 below).

Nefedov, who incorporated stochastic effects of yeamrear food yields on
the population dynamics, has taken another approach. He noticed that as the
population reaches the carrying capacity of land, and food storages besome d
pleted, then random effects of good and bad years can play a signifieaint r
the dynamics. As food becomes very scarce because of, say, a badpsoiter,
ple tend to sell their land and leave for cities, or join bands of rebels. In idea
ized conditions, that is, given a perfectly constant food yield, no cycle-is e
pected. However, a bad harvest triggers a mechanism of collapse with ia signif
cant reduction in population number. Nefedov's models have several interesting
components. For example, because of the increasing numbers of people leaving
the land as population density increases, we expect to see an intense growth of
cities, which is confirmed by historical observations. What seems to be missing
from Nefedov's models is the direct role of rebellion and internal warfareeon th
cycle behavior. If only economic factors are taken into account, then there
seems to be no inertia in the dynamics, and each demographic catastrophe is
followed immediately by a new rise. As we shall see below, this plainlyazontr
dicts historical data where "intercycle" periods of variable (but always isignif
cant) length are observed.

In the next chapter we shall consider in more detail political-demographic
cycles in China, where long-term population dynamics have been recorded
more thoroughly than elsewhere.
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Historical Population Dynamics in China:
Some Observations

The estimates of Chinese population dynamics during the Western Han dynasty
(206 BCE- 9 CE) look as follows (see Diagram 2.1):

Diagram 2.1. Population of China in millions:
Western Han Cycle (206 BCE — 9 CE)
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For most of the cycle these are estimates. However, we have more or &ss reli
ble census data for 2 and 57 GEg(, Bielenstein 194: 126, 198: 240; Du-
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rand 196: 216; Loewel98&: 206). We also have abundant historical data e
idencing a substantial period of extreme political instability separatingethe d
mographic collapse of the second decade (precipitated by the catastrophic flood
of 11 CE) from the period of new demographic grovetly { Bielenstein 1986).
Thus, though we cannot be sure about the exact shape of the demogyelghic
curve for Western Han, we can be quite confident about the fact that the new
phase of demographic growth did not begin in this case immediately after d
mographic collapse.

Chinese population dynamics during the Eastern Han dynastyZ28 CE)
are delineated below in Diagram 2.2;

Diagram 2.2. Population of China in millions:
Eastern Han Cycle (25 — 220 CE)
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For this cycle we have census data for 9 years (57, 75, 88, 295140, 144,
145, 146, and 156 CE[g, Bielenstein 194: 126, 19&: 240-2; Durand 196:
216; Loewe 1986¢: 48%tc]), which, in fact, document rather well two main
phases of the cyclearapid growth from 21,007,820 in 57 CE to 53,256,229 in
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105 CE, followed by population stagnation at the level strikingly close to the
one from which the Western Han demographic collapse took place.

Note that during the first phase the average annual growth rate was quite
high, but in no way fantastiejust 2%, which according to Turchin (2R0L.25)
is just a normal growth rate for pre-industrial agrarian populations wiesn
are adequately provided with resources in conditions of political stability. In the
modern world such figures can, of course, be much highgt.in 1960— 1962
in Costa Rica and 1965, 1967, and 1970 in Kuwait the natural annuabpopul
tion growth rate exceeded 4%. Even in poverty-stricken Yemen it was 3.7% on
average in the last two decades of th& @éntury, and in really poor Niger it
was 3.3%. In Guinea the average growth rate in this period was 2.6%, whereas
the life expectancy at birth in this country in 1980 was even lower (40 $ears)
than the one estimated for early Qing Chieag{ Harrell and Pullum 19®
148) when (according to Zhao and Xie 89840-1) the population growth also
approached 2%.

Hence, we do not see any grounds to exclude the possibility that between 57
and 105 CE the Chinese population, well provided with resources in conditions
of considerable political stability and a well-functioning state apparatus, could
experience 2% a year growth (at least for a few years). Note that the saffond h
of the F' century in China was described by contemporaries as indeed rather
prosperous and stable (Lee Mabel Ping-hual19Z8-9; Bokshchanin and
Ling 1980: 30; Krjukovet al.1983:32; Maljavin 198: 30; Loewe 1986a: 292
7; Nefedov 2002a: 140). The state had sufficient resources and infrastructure to
provide adequate relief in critical situatiohk.is remarkable that for the pb
105 CE period we have much evidence for overpopulation, poverty, skate's
pletion of resources, and its growing inability to provide sufficient reliefitn
ical years (Lee Mabel Ping-hua 192182-6; Maljavin 198: 28-9, 77-80;

Ebrey 198: 621; Loewe 1986&301-16; Nefedov 2002at40-2), all of which
correlates very well with the census data on the population stagnation at-the ca
rying capacity of land level in 105 156 CE. Thus, though the actual papul

! That the population stabilized in the Eastern Haipgeat a level lower than the one attested for
Western Han might be somehow connected with the lossnoé serritories to Northern ndig
bors, and thencomplete recovery of lands controlled by Western HaSouthernmost China
during the Eastern Han period. Note that the maximumcfrealtivated land attested for Eas
ern Han (746,000,000 mu in 105 CE) is still lower tliha one attested for Western Han
(827,000,000 mu in 2 CE) (the data are compiled bydi®f 2002a on the basis of Lee 1921:
436; Kul'pin 1990: 216; Krjukoet al.1983:41).

2 The data on modern countries are ffdforld Development Indicato&Vorld Bank 2005).

3 "The government was remarkably successful in coping with erisis. Wang Ch'ung (A.D. 27
ca. 100), a caustic critic who was seldom generousaplmentary in his judgments, thought
that no ancient ruler could have handled reliepams any better than the senior statesman Ti-
wu Lun (fl. A. D. 40— 85) had during the cattle epidemic [of 76 €B.K., A.M., D.K.]" (Ebrey
1986: 620).
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tion growth rate in 57 105 CE may well still havbesnbelow 2% in general,
the census data seem to capture quite adequately the population dynamics du
ing the first two main phases of the Eastern Han. We have also abuntiamt his
ical evidence for demographic collapse and a very prolonged period of internal
warfare and political instability at the end of Han period, as well as for a long
time after it €.g, Bokshchanin and Ling 198116; Krjukov, Maljavin, and &
fronov 197@: 13-37; Maljavin 1982; Beck 1986; Schmidt-Glintzer 8934
55; Fairbank 198: 72-3; Wright 20Q.: 60-1, etc).

Chinese population dynamics during the Early T'ang cycle {6185 CE)
are delineated below in Diagram 2.3a:

Diagram 2.3a. Population of China in millions of households:
Early T'ang Cycle (618 — 755 CE)
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NOTE: The data are from Nefedov 1999c: 5; 20Big. 10, on the basis of Lee Mabel Ping-hua
1921:436, cp. Durand 198 223; Zhao and Xie 188 537.

4 An alternative explanation could be that in 57 G&ré was still a considerable underregistration
of population, and the growth of registered popatatietween 57 and 105 CE is to be accounted
for both by the actual population growth and insee@ the proportion of registered population
(e.g, Durand 1960: 218).
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Assuming 6 persons per household, this corresponds to the fgl@ejpub-
tion dynamics during this cycle (see Diagrarsby.

Diagram 2.3b. Population of China in millions:
Early T'ang Cycle (618 — 755 CE)
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There is much historical evidence of a significant period of political instability
following the late Sui demographic collapse.q, Wright 19P: 128-49;
Wechsler 1979a). In fact, there is not much doubt that the populatiohimd

did not decline as dramatically as wouté suggested by a straightforward
comparison between the Sui census of 606 CE, which listed more thmait 46
lion persons and the first T'ang census (627 CE), which regisfastd
12,000,000€.g, Durand 196: 223).
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No doubt, this apparent decline is to be accounted for to some extemt by u
derregistration €.g, Wechsler 1979b208-9; Twitchett and Wechsler 197
277). However, the rapid growth of registered households up to tlye668s
seems to reflect to a very considerable degree actual population growth. Note
that "T'ai-tsung's reign had in general been a period of prosperitpwrpatic-
es, and these continued until the early 660s" (Twitchett and Wechslgr 197
277; see alsce.g, Wechsler 1979b209-10); additionally, for this period we
have evidence of free resources (first of all, uncultivated land) still being avai
able ¢.g, Lee Mabel Ping-hua 192 233; Shang Yue 196 205; Nefedov
199%: 4), whereas the annual population growth rate for this period implied by
the census data is just c. 2%, which is, as has been already mentioned above,
just a normal growth rate for pre-industrial agrarian populations whenatieey
adequately provided with resources in conditions of political stability.

On the other hand, for the subsequent period we have growing evidence of
overpopulation and famineg.g, Twitchett and Wechsler 197278; Lee M-
bel Ping-hua 192 236-7; Nefedov 1999c: 4). It appears that this was time E
press Wis reign (both unofficial and official), when the growth of registered
household numbers seems to be accounted for more by the successssan reg
tion rather than by actual population growth (s&g, Guisso 19%: 293, 313).
Thus, the actual decline of the population growth rate during this phase might
have been much more considerable than is indicated in Dighdam

On the other hand, the accelerating population growth in the 78asly
750s suggested by the T'ang census figures seems to reflect actual population
dynamics rather than mere registration progress, and appears to have resulted
from a series of more or less successful (at least in the short run) admimistrativ
reforms of the Hsiian-tsung government (Twitchett 197400-1, 419-20), as
well as, possibly, from technological innovatioesg( Bray 19&: 114), which
helped to increase the carrying capacity of land and temporarily relievethe d
mographic crisis, though they did not much delay the demographic collapse
("the An Lushan Rebellion”, caused, however, mostly by the imperfeations
the Hsiian-tsung military organization [Peterson P9468-74]). However, such
innovations (which might also account for a short period of renewedgtimou
growth at the pre-collapse phase of the Eastern Han demographic exggle [
Bray 1981: 587-97]) were immensely important, as they created an overll mi
lennial trend towards the rise of the carrying capacity of land (and, am$eq
ly, of population numbers). In fact, as we shall see below, in Sun@ Ghth
mid-cycle innovations (both administrative and technological) turned out to be
successful to such an extent that they resulted in the mid-cycle demographic cr
sis leading not to a demographic collapse, but to the radical rise of the overall
carrying capacity of land.

Chinese population dynamics during the Late T'ang cycle {7880 CE)
areddineated below in Diagram 2.4:
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Diagram 2.4. Estimated Population of China in millions:
Late T'ang Cycle (763 — 880 CE)
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NOTE: estimates of Zhao and Xie (19837).

The post-780 population decline reflected both in Zhao and Xie estimates and
in the T'ang census data.q, Durand 196: 223) is connected with the so-
called Ho-pei rebellions of 781786, which could be regarded as a direct-co
tinuation of the An Lushan Rebellion events (Petersor91890-7; Dalby
1979:582-6). Again there is no doubt that the population of China did eet d
cline as dramatically as this would be suggested by a straightforward ¢ompar
son between the census of 755 CE, which listed almost 53 millionnseasal

the census of 764 CE, which registered just 16,900,6Gf) Durand 196:

223). The actual population decline might have been even less than iwas est
mated by Zhao and Xie, as the underregistration in the post-An Lushan T'ang
Empire was especially heavy, because the T'ang administration did notfhave e
fective control over many vast and populous territorieghove all, in Ho-pei

(e.g, Durand 196: 223; Peterson 197485).

Nobody, however, seems to doubt that the population of China remained
well below the early T'ang maximum during the late T'ang cycle, though we
might never learn the exact difference between those two levels. There is still
some evidence of overpopulation, especially in the Lower Yangtze area (Lee
Mabel Ping-hua 19 260; Nefedov 1999c: 7; Peterson 99352-3). The fact
that the demographic crisis began during the late T'ang cycle at a levelfar b
low the one reached by early T'ang might be connected with the fact that the
overall carrying capacity of land declined as a result of the central admeinistr
tion heavily reduced ability to redistribute excessive population and resources
between overpopulated and underpopulated areas. There is much histérical ev
dence for a very long period of extensive internal warfare at the end of the
T'ang period and during the T'ang Sung intercycle €.g, Somers 1979;
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Schmidt-Glintzer 199: 70-8; Fairbank 199: 72-3; Wright 20@.: 83-8, etc).
On the other hand, it is not entirely clear that the Late T'ang period shduld no
be regarded as a part of the T'an§ung intercycle rather than a separateecycl
(e.g, Fairbank 199: 86).

Chinese population dynamics during the Sung cycle are delineated below in
Diagram 2.5:

Diagram 2.5. Estimated Population of China in millions: Sung "Cycle"
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In fact, the official Sung census of 1103 lists only 45.98 million gergbut

20.52 million householdsk(g, Durand 196: 226). However, "the Sung ststi

tics are unique in that they show very small average numbers of persons per
household, ranging in most years from only 2028 persons... The more
probable explanation seems to be that the statistics of persons were limited to
the male sex. It is unlikely that even the males were completely enumerated..."
(Durand 196: 227). In general, there seems to be an unusually high degree of
consensus that in the early™&entury the population of China was over 100
million (e.g, Ho 199: 172; Durand 198: 226; Banister 198 4; Fairbank
1992:89; Feuerwerker 18 50-1; Deng 199: 191; Mote 199: 164; Nefedov
199%: 10, etc).

On the other hand, the official Sung statistics appear to describe adequately
the overall trends of population dynanmiickiring this period. Indeed the Sung
census suggest a relatively rapid population growth rate in early decades of the
cycle, which correlate quite well with evidence of relative prosperity, relatively
high consumption rates and availability of free resources during this geded
Mabel Ping-hua 192 270-6; Shang Yue 196 287; Smolin 19%: 100-1;
Nefedov 1999c: %tc).

This growth continues up to 1006, then it slows down but still coasin
with some setbacks, unfiD29 for which year the Sung census registered 10.56
million households (which corresponds to-638 million persons). After this,
for three decades population stagnates, or even shows negative dynamics. This
is rather expected, as by the late 1020s Chinese population appears tp-have a
proached the old ceiling of the carrying capacity of land, that is, the level at
which the demographic collapses took place during earlier demographic cycles
(starting from Western Han). Indeed, for the Sung mid-phase we haveiextens
evidence for all the symptoms of sociodemographic crisis preceding-dem
graphic collapse undernutrition, rising rebellionstc. (e.g, Lee Mabel Ping-
hua 192:281-2; Smolin 194: 311-57; Nefedov 1999c: %tc).

However, the Sung mid-phase demographic crisis resulted not in @ dem
graphic collapse, but in the non-catastrophic solution of the crisis throagh th
radical rise of the carrying capacity of land. For Sung we have extensive ev
dence for numerous administrative and state-sponsored (as well as spofjitaneous
technological innovations leading to this rise, culminating in Wang Areshi r
forms (Ho 1956, 19%: 169-70, 1778; Shiba 19@: 50; Chou 19%: 93-5; Bray
1984:79, 1134, 2945, 4914, 597-600; Mote 199: 165). One of the most

5 As the average household size at this time is usualipastil between 5.0 and 6.0, the different
estimatese.g.for 1103 CE, also vary between 103 and 123 milliorsques; this still gives aar
ther clear idea about the general level reachetidZhinese population by the earlydntury
(that is why we speak about an unusually high levelaofsensus- e.g, as we shall see below,
for the early 1% century estimates vary between 99 and 300 million).

5 Diagram 2.5 demonstrates these dynamics just accordthgde statistics, but with the number
of households according to the Sung census havingrhatiplied by 5.0 (Nefedov's estimation
of the average number of persons per household duisgetiod).
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spectacular and effective among them was the quite conscious, systematic and
well-organized introduction and diffusion of new varieties of quick-ripening
rices from Champa, accompanied by the peasants' development of stilhnhew v
rieties (Ho 1956; Perkins 19638; Shiba 19@: 50; Bray 194: 4914, 598). In

the early 12 century China appears to have reached a new ceiling for tlye carr
ing capacity of land, which resulted in a new sociodemographic crisis (Smolin
1974:420-39; Nefedov 1999c¢t0-1).

There are no grounds to exclude the possibility that Sung China had pote
tial to solve this crisis too in a non-catastrophic way, eventually even escaping
from the "Malthusian trap" (see,g, Meliantsev 1996). However, the Sung ¢
cle was interrupted quite artificially by exogenous forces, namely, by the
Jurchen and finally Mongol conquests.

Chinese population dynamics during the Yiian cycle are delineated below in
Diagram 2.6:

Diagram 2.6. Estimated Population of China in millions:
Yuan Cycle
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The Yiian cycle was unusually short, and the population of China does npt a
pear to have reached the Sung level.

There seems to be a rather straightforward and very convincing explanation
for this:

"...It may be worth recalling that the fourteenth century was calamitous everywhere.
Within and beyond the various Mongol empires, from Iceland andaEdgt one end
of Eurasia to Japan at the other, societies were suffering plagues, fargicdiuaal
decline, depopulation, and civil upheaval. Few societies were sahleabt some of the
symptoms. China was spared none of them. No fewer than thirty-si ipethe fou-
teenth century had exceptionally severe winters, more than anycetftery on record.
In the greater Yellow River region, major floods and drougséem to have occurred
with unprecedented frequency in the fourteenth century. Seriousnaipi&ibroke out in
the 1340s and 1350s. Famines were recorded darsabvery year of Toghon Temiir's
reign [1333- 1368—- A.K., A.M., D.K.], leading to great mortality and costing the/go
ernment vast sums in relief. These natural disasters created huge numiEmoted
and impoverished people, fodder for theoles that wracked the realm in the 1350s... It
might well be the case that the long-term cumulative effects ofrepeated naturabe
lamities were too great for any government to handle and that if hoamditions had
prevaled in China, the Yiian dynasty might have lasted much longer than it did" (Dard-
ess 1994585-6).

Indeed, in pre-industrial history we appear to find a correlation betwearah
temperatures and population numbers, whereby radical declines in anmual te
peratures correlated with considerable declines in population numbersyer slo
ing down of population growth rates) in Europe, China, as well as in tHd wo
population numberse(g, Malkov 20@: 297). Malkov provides the following
explanation for this correlation: "Global warming appears to have led to growth
of the demographic carrying capacities of territories (enhancing the survival
conditions within given modes of nature exploitation), which resulted iw-gro

ing population densities. On the contrary, the cooling resulted in relative ove
population (excessive demographic pressure on the territory as a result of the
decline of food production basis caused by the drop in the yields), leidb

mass migrations, social cataclysms, wars, and, consequently to the decreasing
population desities..." (Malkov 2002: 297).

Thus, in the 1% century the catastrophic decrease in annual temperatures
(e.g, Malkov 20@: Fig. 6) appears to have resulted in the decrease of the ca
rying capacities in most parts of Eurasia, leading (in conjunction with pande
ics) to shortening of demographic cycles and the chain of premature- dem
graphic collapses. And China here seems to have been no exception.

There is much historical evidence for a significant period of extensive inte
nal warfare and political instability during the Yiian — Ming transition é.g,

Mote 1988; 199: 517-48; Dreyer 198: 58-97; Dardess 198 580-4).

7 Note that in many parts of Eurasia the global cooling accompanied (rather counterintuitively)
just by droughts and floods.g, Korotayev, Klimenko, and Proussakov 1999).
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Chinese population dynamics during the Ming cycle are delineated below in
Diagram 2.7:

Diagram 2.7. Estimated Population of China in millions:
Ming Cycle (version 1)
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NOTE: estimates of Zhao and Xie (19839-40).

The official Ming census records give much lower figures, indicating that the
population grew up to 60.5 million by 1393 and then fluctuated betad®h
more than 50 million (1432 1435, 1487 1504) and 6365 million (1486,
1513, 1542- 1562); in 1602 it was 56.3 million, in 16201626 it was 51.7
million (e.g, Durand 196: 231-2).

There is a perfect consensus that the actual population of Ming China was
much higher. What is more, this appears to have been clear to the Mimeg&h
themselves
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"The official census records were hopelessly out of touch with depbig reality. The
compiler of a Zhejiang gazetteer of 1575 insisted that the nuofilperople off the off
cial census registers in his county was three times the number on. A agietteer of
1613 similarly dismissed the impression of demographic stagnation @hisgythe &
ficial statistics: 'The realm has enjoyed, for some two hundred yeauspaoken peace
which is unparalleled in history,' the editor pointed out. 'During this pefioelcupea-
tion and economic development the population should have mudtiptgeral times
since the beginning of the dynasty. It is impossible that the populatiotdshave e-
mained stationary." A Fujian contemporary agreed: 'During a pefiddQyears when
peace and plenty in general have reigned [and] people norlknge what war is like,
population has grown so much that it is entirely without parallel in histnpther d-
ficial in 1614 guessed that the increase since 1368 had befaidiv@hina's population
did not grow between 1368 and 1614 by a factor of fivejtlertainly more than do
bled" (Brook 1998: 62).

Thus, nobody appears to doubt that the actual population of Ming China w
much higher than it is indicated by the Ming census (what is more, many Ming
Chinese do not seem to have had doubts about this either); however, titere is
consensus at all as regards just how much higher it was. In fact, the estimates by
Zhao and Xie are among the lowest. Most experts suggest for the end of the
Ming much higher figures: 150 million (Ho 195264), 126200 million (Pe-

kins 19@®: 16), 175 million (Brook 198: 162), 200 million (Chao 198 89), or

even 2306290 million (Heijdra 198: 438-40; Mote 199: 745).

As can be seen, Heijdra and Mote propose the most radical revision of the
Ming census data, of the earlier estimates, and, in fact, of the population history
of Late Imperial China in general. Indeed, their suggestions provide an entirely
new vision of not only Ming, but also Qing population history. Heijdre&419
1998) who collected evidence for this revision, starts with re-estimatioopef p
ulation data for 1380, arriving at 85 instead of 60 million (Heijdrad1%2;

1998: 437); he then suggests that population growth rates tended to decrease
from early Ming till late Qing. As regards the concrete estimates of population
growth rates, Heijdra suggests three sets of figures ("low", "middle";hagia'
hypotheses):

"The high hypothesis envisages a 0.6 percent increase in populatigegp from 1380
to 1500, 0.5 percent from 1500 to 1600, and 0.4 peroemt 1600 to 1650 (from which
could be subtracted losses through war and disastéreugh those are probably ¢o
ered in the lower rate for the final fifty ye8ysThe middle hypothesis envisages growth
rates of 0.5 percent, 0.4 percent, and 0.3 percent respechweimplausibly low set of
growth rates for the same three periods would be 0.4 percemge@ént, and 0.2 pe
cent. The results of applying these figures are... revealing. The high hypothesis gives
175 million by 1500, 289 million for 1600, and 353 millifar 1650. The last figure is
almost equal to the official figure from the year 1812, which is parki@e most reliable

8 The emphasis is oursA.K., A.M., D.K.
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official figure after 139%. The middle hypothesis gives figures of 155, 231, and 268
million for the three dates, while the quite implausiblewer hypothesis gives 137,
185, and 204 million" (Heijdra 1998: 438).

As was mentioned above, this suggests a radical revision of not only Bding,
also Qing population history. For example, it implies the absence of separate
Ming and Qing demographic cycles, suggesting their merging into one cycle
(note that this was already suggested in 1990 by Kul'pin [p. 123]; hesece
may speak about the Kul'pin Heijdra— Mote revision, though it was only
Heijdra who provided any significant substantiation for this hypothesis).

Heijdra bases his revision mainly on the data (extracted from genealogical
[chia-p'U materials) on the life expectancy dynamics in Ming and Qing China,
which he usefully summarizes in the following diagram (see Diagram 2.8):

Diagram 2.8. Regional Life Expectancy from 1500 to 1800
(= Fig. 9.3. from Heijdra 1998: 437).
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NOTE: "The figures indicate the average age at defathe population already having reached the
Chinese age of 15" (Heijdra 189437).

However, let us study this diagram more attentively. Note first of all a very
sharp and uniform decline of life expectancies in th& @&ntury (relatively
slow in the first half of the 8century [when, as we shall see below, according
to conventional accounts the population growth was relatively slow], and very

9 Note that this implies that in the 1&entury (generally believed to be the period ef thstest
population growth in the pr2d" century Chinese history) the population of Chinaialty stag-
nated. As we shall see below, this hypothesis appears totélly implausible- A.K., A M.,

10n fact, as we shall see below, these estimates are theptosible (at least for the years 1500
and 1600)- A.K., AM., D.K.
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fast in the second half of this century when the population growth rateswas e
pecially high). In fact, this is entirely congruent with the data of other scholars
(e.g, with the materials of Liu 198 118-9, or Harrell and Pullum 1% 148,

who find in their 3 datasets life expectances at birth e68For the 17 centu-

ry, 31-41 for the 18 century and just 288 for the years 18001874; seela

so, e.g, Lavely and Wong 198 721). However, in conjunction with the data

on the equally rapidly decreasing per capita acreage and consumption rates
(e.g, Chao 198: 89, 2189; Wang 199: 40-5, 48, 50, 578, 63; Li 192: 77;

Wong and Perdue 1929133; Nefedov 2000b: 1@tc), what this actually sy

gests is precisely a very rapid population growth.

Another salient feature of Heijdra's diagram is that though within both the
Ming and (especially) Qing we observe rather explicit trends towards decline in
life expectancies, the situation is not as evident during the Mi@ing trans
tion, when three out of eight sample populations show significant gafifie
expectances, and two display significant slow down in their decline. The data of
other scholars suggest that this trend was much more salient than could be seen
in Heijdra's diagrame(g, Liu 19%: 118-9). Incidentally, Liu makes a verylte
evant observation:

"The low mortality rate reflected in these data recorded from the earlyofeatsreage

should not be considered as representing the real situation of thevhieme cohorts

were active, for the data were apparently biased by a tenftanityose men who lived
longer to become founders of lineages or lineage branches. dnwthds, a lineage
would not have formed if its ancestors were all very short-livedl' {995: 119; seela

so Harrell and Pullum 1995: 148; Lavely and Wong 1992-3; Lee and Feng 1999:
173).

Liu's correction, of course, suggests that the life expectances in Ming China
were not as high as is indicated by the genealogical data. On the other hand, as
during the Ming— Qing transition life expectancies tended to grow ndiwit
standing "Liu's effect", their actual growth must have been considerigibigrh
than it is indicated by these data (especially, due to the strong bottleneck effect
observed during massive depopulations). This is actually very congritant w
the data indicating the decline of the per capita acreage, and the growth of per
capita consumption observed in the early Qing period as compared with late
Ming, thus confirming conventional accounts of a rather siggnifipopulation
decline during the Ming- Qing transition €é.g, Shang Yue 19% 515; Chao
1986:89, 218; Wang 198 40, 48, 50; Nefedov 2000b: 14).

An improbable feature of Heijdra's reconstruction is his assumptiothéhat
population can grow at a rate of say 0.6% a year for 120 yedextlwherever
we have more or less reliable population figures, we do not find anything like
this. In agrarian society within fifty years such population growth leadk- to
minishing of per capita resources, after which population growth slows;do

1 For additional critique of the Kul'pin Heijdra— Mote revision see Marks 2002.
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then either solutions to resource problems (through some innovatioffisiiiade

and population growth rate increases, or (more frequently) such solut®ns ar
not found (or are not adequate), and population growth further dechioms-(
times below zero).

On the other hand, the evidence produced by Telford5(189) suggests
that the population growth rates experienced a sharp decline to close to zero
levels by the end of the Ming period, and to negative values during the-Ming
Qing transition. Assuming Heijdra's estimation of Chinese population for the
year 1380, initial growth rate 0.4 and decline of population growth aped-1
cent every 50 years we would get the following picture of the Ming ptipnla
dynamics (see Diagrag9):

Diagram 2.9. Estimated Population of China in millions:
Ming Cycle (version 2)
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These estimates, perhaps, should be regarded as rather conservative. Of course,
there do not seem to be sufficient grounds to rule out the possibilityhéhi-

tial population growth rate was higher than suggested (and, hence, that by 1600
the Chinese population reached some figure between 150 and 200 million).
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In general the estimates suggesting that the population during the ¥ing c
cle exceeded significantly the level achieved during the Sung cycle look quite
plausible against the background of the very large number of the cacaying
pacity enhancing innovations evidenced for the Ming period, from the imtrodu
tion of some New World crops to the use of new fertilizers and inceagin
cultural labor intensification (Ho 1955; Ho 185172, 179, 1834; Perkins
1969:48-51; Bray 198: 294-5, 526, 6061; Chao 198: 195; Twitchett and
Mote 1998: 4-5; Heijdra 198: 517, 51923, Mote 199: 749-50). Due to a
high degree of unreliability of the pre-1741 Qing statisteeg.Ho, 199: 24—

35; Durand 196: 234-8) the population estimates for Early Qin period vary
greatly €.9, Ho, 199: 24-35; Durand 196: 234-8; Perkins 198: 209; Pete

son 20@: 5; Rowe 20Q: 475, etc); thus the population of China well might
have declined during the MinrgQing transition to a level considerably over the
one indicated in the diagram above. Note that this would not still affect tihe ge
eral shape of the Ming population dynamics.

However, it cannot be excluded that this shape was more like the Sung one
with two periods of relatively fast population growth (at the beginning of the
cycle, and in the ¥6century, with the second decline of this growth towards its
end [as is suggested by data mentioeegl, by Skinner 198: 274-9; Shepherd
19838: 416], see Diagram 2.10):

Diagram 2.10. Estimated Population of China in millions:
Ming Cycle (version 3)
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There is extensive historical evidence for a rather long period of politicat inst
bility and internal warfare during the Ming Qing transition (Simonovskaja
1966; Atwell 198: 603-40; Struve 1988; Dennerline 2002; Spence220@0-
150 Nepomnin 2005).
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Chinese population dynamics during the Qing cycle are delineated below in
Diagram 2.11:

Diagram 2.11. Population of China in millions: Qing Cycle
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NOTE: estimates of Zhao and Xie (19839-40).

Though there is considerable disagreement as regards exact fogutdsniese
population, especially for the pferd1 period, there is a very high degree of
agreement as regards the general features of the Qing population dynamics: a
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rather fast growth in the T&:entury, followed by a very significant slow down
of population growth during the pre-collapse phase of the cycle (H&: 385
64; Durand 196: 234-44; Perkins 198: 202-9; Lavely and Wong 199 717-
20; Nefedov 2000b; Myers and Wang 20871; Rowe 202: 475). The only
contesting view is suggested by the Heijdrdote revision, which has been
shown above to be untenable.

The population growth during the Qing cycle was sustained by a vary co
siderable number of carrying capacity enhancing innovations (to a consderab
extent supported and stimulated by the stae), the continuing introduction
and wide diffusion of the New World crops, development of new varieties of
previously known cultivated plants, agricultural labor intensification, land re
lamationetc. (Ho 1955; Ho 199: 173-4, 180, 1859; Lee 1982; Bray 198
452, 601; Perkins 196 39-40; Dikarev 199: 69-70; Fairbank 199: 169;
Lavely and Wong 198 725-6; Lee and Wang 199 37-40; Mote 199: 750,

942; Nefedov 2000b: 17; Myers and Wang 20809, 634-6; Rowe 20Q: 479;
Zelin 20@: 216-8). As a result of these innovations the carrying capacity of
land during this cycle was raised to a radically new level.

The main revision here has been proposed by Lee, Feng, Lavely, 8ahg,
Campbell (Lee and Campbell 1997; Lavely and Wong 1998; Lee and Feng
1999, etc), who deny altogether any demographic cycle dynamics during the
Qing period, as they deny the decline of consumption levels, life expectancies
etc, predicted by demographic cycle models. However, the evidence that they
present in support of this revision is not convincing. First of all, theyisgsm
too easily the massive evidence which has accumulated, by now, in support of
the decline of the consumption rates, living standards, life expectatcidsr-
ing the Qing cycle. Thus, the massive evidenced compiled by Chao Kang
(1986: 193-220), which shows a dramatic decline in real wages during the Qing
cycle, is dismissed outright by Lavely and Wang @9831) as "hazardously
thin", and is just not mentioned by Lee and Feng (1999).

However, as we shall see below, it is the evidence produced by tlie "rev
sionists" in support of their revision which is really "hazardously thésfe-
cially in comparison with the massive and representative dataset compiled by
Chao Kang. The above mentioned massive evidence for the very signiieant d
cline of the life expectancies during the Qing cycle compiled on the basés of g
nealogical data is dismissed in the following way alluding to what we called
above "Liu's effect":

"Harrell and Pullum [1995: 148] themselves acknowledge these preljleith gena-
logical data- A.K., A.M., D.K.]: 'The apparent decline over time in the expectation of
life in each genealogy is so great that it must be regarded as sputisuikely that in

the seventeenth century, the chance that an individual would lbdeddn the geneat

gy was positively related to that individual's longevity' " (Lee areh@v1999: 173; a
fairly similar argument is made by Lavely and Wong 1988-3).



66 Chapter 2

Lee and Wang do not appear to have understood what Harrell and Pullum
meant. In fact, they do not imply that their data cannot be considered as rather
firm evidence for a considerable decline of life expectancies in respectiue pop
lations. They only mean that the decline in life expectancies might have been
somewhat smaller than is suggested by their data, but in no way do they imply
that a considerable decline of life expectancies did not occur at all. In fact as
has been shown by Liu (199119), "Liu's effect" is really strong only for very
early periods (18 and especially 1% centuries), whereas "from thetd8—

1557 cohorts on, as number of observations became large enougle alil th
tribution of deaths covered almost every age group, the bias toward high age
death seems to have diminished". Indeed, as we saw above, Liu'saffetd f
eliminate totally the trend towards the increase in life expectancies during the
Ming — Qing transition predicted by demographic cycle models. Still, agjis su
gested by Harrell and Pullum, Liu's effect may still be felt in tH:century é-

ta. However, the influence of this effect in thé"X&ntury (and especially, the
second half of the eighteenth century) must be negligible. However, thisl perio
of the most rapid population growth is precisely the period for whichehe-

logical data indicate the most rapid decline in life expectancies (see atlmve Di
gram 2.8 and comments to it).

On the other hand, for the earliest phases of the Qing demographic cycle
when the Liu's effect must have been greatest within the Qing periodi{bat w
the population growth rate was relatively low, and hence according tcethe d
mographic cycle model one @enot have to expect significant declines in life
expectancies), the genealogical data do indicate only rather small declines in
life expectancies. All this, of course, suggests that the decline in lifetaxpec
cies indicated by genealogical data for the Qing period evidences first of all a
tual decline (caused by demographic cycle mechanisms), and is accounted for to
only a rather small degree by Liu's effect.

However, what positive evidence do the "revisionists" produce in support
for their claim that during the Qing cycle there was no decline in consumption
rates, living standards and life expectancies of commoner population? To start
with, Lee and Wang (1999) present considerable amounts of convinding ev
dence showing the growth of per capita grain production, productivigbof,
stature, life expectancy, decline of mortaktg.in China. Yet, all these data-r
fer to the 28 century*? Such evidence for Qing China is "hazardously thin".

On the one hand, here the "revisionists" rely to a disproportionate extent on
the data referring to the Qing elites, first of all, the Qing imperial lineage. In
fact, they showed quite persuasively that the life of the Qing elites was much
better than the one of the commoners (actually, who would doubt®ésfl

2 |n fact, it demonstrates rather convincingly thathie second half of the $0century China
managed to escape quite successfully from the "Malthusigh tra

13 n fact, it was earlier already shown by Telfordq@Pthat the Qing (and not only Qing) elites
lived longer than commoners.



Historical Population Dynamics in China 67

tended to improve: their life expectancies grew sharply in tﬁ‘ecéatury (Lee,
Wang, and Campbell 199401; Lavely and Wong 189 723), health caram-
proved and child mortality declined (Lee, Wang, and Campbell 1994; Lee and
Wang 199: 46-7).

Of course, this tells us nothing about such trends among the comma@rer po
ulation. For the growth of labor productivity in Qing China the "revisioniss"
ly solely on the Li Bozhong (1998) study (Lee and Wang9133). However,

Li Bozhong's data only refer to the Lower Yangzi area, and have been show
be totally unreliable and misinterpreted (Huang 2002).

As regards the data on increasing food consumption per capita in Qing Ch
na, it is derived mainly from late imperial agricultural handbooks, which ind
cate that "whereas an ordinary farm laborer in the sixteenth century wad-pro
ed with meat 10 days a montluring the busy seasdjour emphasis A.K.,
A.M., D.K.), this allotment increased to 15 days a month in the seventeenth ce
tury and to 20 in the nineteenth” (Lee and Wango134). Note, however, that
these handbooks were compiled by a sort of exemplary litefatim owners,
and in no way reflect the general situation (Heijdra 1®98-10). Note also
that handbooks indicate not an increase in real wages, but rather in increase in
food provided by farmer owners to feed their workers in the fieidng the
busy seasorOne wonders if this was not designed to compensate the decrea
ing real wages (Chao 168193-220) and to avoid the workers' productivity of
labor falling below a critical level during hard work at harvest time.

The other source used by the "revisionists" to prove the increase gf livin
standards of commoner population in Qing China is the study by Bomer
(2000) comparing living standards of the population of the most devetoped
of Qing China, the Lower Yangzi, and Western Europe in the second liagf of
18" century (Lee and Wang 19934-5). As has been shown by Huang (2002)
Pomeranz significantly overestimates the living standards of the Yangzi Delta
commoner populatiot. However, this is not the most important point.

Pomeranz may still be mostly right in his basic argument that the living
standards in the most developed part of Qing China in the second hiaf of
18" century might not have been so much lower than the contemporaryeEurop
an ones. Yet, this study is simply not relevant for the revision of Qing-dem
graphic history. The main problem with it here is that it is synchronic rather
than diachronic, and hence cannot be used to support or reject anlyelsigo
on the demographidynamicsWhat would be relevant here is the comparison

14 pgadoxically, Rowe (2002: 501) uses Lee and Wan%'stdactsiticize (in an entirely appropr
ate way) the assertion that the standard of livinigtie 18" century China was not lower than in
contemporary Western Europe: "Their remain, howevesoreafor caution in our appreciation
of the mid-Ch'ing as an era of plenty. Lee and Waeg#elves, while arguing that rising riutr
tional levels support their thesis that prosperity bnsdxed population controls, admit that the
pronouncedly lower stature of the pre-Modern Chirieseomparison with contemporary Eur
peans indicates lower living standards".
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between the living standards of this asgepulation, say, in 17501770 and
1820- 1840 If such data show an increase in living standards during this per
od, this could be considered as some support for the "revisionistthegis.
However, such a verification/falsification afdynamic hypothesis simplyan-

not be done on the basis of synchronic studies.

In general, the "revisionists" appear to have failed to produce convinging e
idence in support of their hypothesis, and to disregard evidence to thargpntr
thus, their hypothesis has to be rejected (for additional critique of thetlage
revision seee.g, Wolf 2001; Huang 2002).

Note that the historical demographic data of eeal.on Han banner pap
lation in Liaoning (for 1774 1873) do not contradict conventional accounts,
though this is claimed by the "revisionists". For example, Lavely and Wong
claim that "although there are some fluctuations [in the Liaoning time series]
over the four decades for which Lee and his associates present data, there is no
discernable trend" (189 723 with reference to Lee, Campbell, and Anthony
1995:177, Figs. 7.1 and 7.2).

However, a careful inspection of these two diagrams does reveal & signif
cant (though not very strong) trend towards increasing mortality ecréalsing
life expectancies (with the lowest mortality rates at the beginning of the period
under consideration, in 17721780, and with the lowest life expectancies at the
end of the same period, in 1819.840). In fact, Lavely and Wong themselves
notice that in their sample life expectancy at birth in 179801 was 43 years,
but in 1837- 1840 it was just 33 (199 721, Table 3A, where they displayhet
er data confirming the presence of a general trend towards decliningdde ex
tancies within the Qing cycl®.

An important contribution of Leet al. was that they demonstrated hawi
portant female infanticide was as a factor of population dynamics in pre-
Modern and early Modern China. Though the importance of this factor elas w
known at least since the pioneer work of Fei Hsiao-t'ung9123, 334; see
alsoe.g.Ho 199: 58-62, 2745), Leeet alii's findings suggest that the decline
of population growth rates towards the end of the Qing cycle might be @ccoun
ed for by the growth of female infanticide to a larger extent than by the growth
of adult mortality. Indeed, their findings suggest an enormous grdvitie de-
male infanticide rates in the latest phases of this Hy¢tee,e.g, Diagram
2.12:

15 The only exception they mention belongs squarelha very type of exceptions, which only
confirm the rule- this is just the Qing imperial lineage (Lavely and Wa8§8: 721).

16 We would also like to note their very interesting neathtical specification of the effects @f f
male infanticide on population growth rate (Lavelylaifong 1998:736-8). We believe that in
the future this model should be definitely taken iatgount for development of advanceddno
els of demographic cycles.
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Diagram 2.12. Crude Birth Rates in Daoyi, 1774 — 1864
(per 1,000 married women aged 15-45)
(Lee, Campbell, and Tan 1992: 164, Fig. 5.5)
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Another important finding of Leet al. was their discovery of rather strong and
significant correlations between the staple prices and female infanticide rates
(e.g, Lee, Campbell, and Tan 189158-75). This of course suggests that the
growth of female infanticide was caused by the declining living standards, as
was already noticed, for example, by Mann: "The ... decline in population
growth during the nineteenth century owed much to a rise in female infanticide,
itself a direct response to declining economic opportunity” (Man2: 2481 ).

Thus, we believe Leet alii's data do not prove the absence of demographic
cycles in Chinese history; rather they enrich our knowledge of concretamech
nisms of functioning of those cycles.

Note, for example, that female infanticide was not just an innocuoas "pr
ventive check™:
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"Recent research in Chinese legal history suggests that the same subsistenoespress
behind female infanticide led to widespread selling of women and girls... Investigations
into case records show that the buying and selling of women wevrielaspread thatth
igation stemming from such transactions accounted for perhaps 1Gtpefee! civil
cases handled by the local courts... Another related social phenomenon was the rise of
an unmarried "rogue male" population, a result both of poverty (bedhe men could
not afford to get married) and of the imbalance in sex ratios thatviadldrom female
infanticide. Recent research shows that this symptom of the mountia sasis led,
among other things, to large changes in Qing legislatiori-vis-illicit sex... Even
more telling, perhaps, is the host of new legislation targeting specificallyatesticks'
single malesduanggui and related ‘criminal sticks' of banditpuftu, feity, clearly a
major social problem in the eyes of the authorities of the time. Asthdégthmounting
problem of trafficking in women and girls, the Qing state promulgated ner févan
eighteen substatutes to deal with the new social problem" (Huang 22®2; see also,
e.g, Hudson and Den Boer 2002).

There is considerable evidence on the population decline and significant period
of political instability and internal warfare after 1851 (lljushechkin 1984

kins 19@®: 204; Larin 1986;Kuhn 1978; Liu 1978; Nepomnin 20G&c). In

fact, the extent of the late Qing demographic collapse might have been even
higher than is indicated in Diagran8:5'Cao Shuji’s new research, based on
exhaustive use of local gazetteers and prefediywgrefecture reconstructions

of population totals and changes, suggests a total death toll from these-devast
tions between the years 1851 and 1877 of a whopping 118 milli¢uéing
2002:528). The Qing demographic cycle might look exceptional in sense that
the demographic collapse at its end did not lead to the immediate fall of the
Qing dynasty. However, the same is observed for the early T'ang cycle. And
here again it may be argued that the demographic collapse was "the beginning
of the end" of the dynasty.

Finally, one wonders if we cannot speak about one more demographic cycle
in the Chinese history, the "Republican” one, with the late 1930s demographic
collapse resulting finally in the "Mandate of Heaven" changing its hands once
again (see Diagram23):
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Diagram 2.13. Population of China in millions: "Republican" Cycle?
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Note that the famous Buck's Chinese Farm Survey (Buck 1937) indicates the
presence of all the pre-collapse symptoms. For example, the Princetoly-reanal
sis of this survey found life expectancy at birth in the early 1930=6&hicon-
tryside being as low as 24 years (Barciyal. 1976). However, the data on
"Republican" demographic cycle could scarcely be used for the reconstruction
of pre-Modern population dynamic patterns, as it seems to be closer to Modern
Third World demographic cycles, characterized by relatively short durations,
very short periods of pre-collapse slow-downs, the fast demograuivithgre-
starting almost immediately after the demographic collag®e(see,e.g, Ko-
rotayev and Khaltourina 2006: Chapter8 andDiagram 214):
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Diagram 2.14. Somalian Political-Demographic Cycles (1960 — 1990)
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Finally, though the population dynamics curve f@ofhmunist" China (see ib

agram 215) bears some superficial resemblance to previous demograghic ¢
cles, we have no grounds to speak about a demographic cycle in this case, as the
decline of population growth took place against the background of tiging
standard and life expectancy, as well as decreasing mortality, and wastaccoun
ed for by decreasing birth ratesd.Lee and Wang 1999):
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Diagram 2.15. Population of China in millions:
Communist/Postcommunist Pseudocycle
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Let us summarize some observations on the patterns of demographic cycles in
pre-Modern China. First of all, note that at first glance the data do not reveal
any significant trend to the lengthening (or shortening) of the demogrephic

cle durations (see DiagramlB):

Diagram 2.16. Duration of Demographic Cycles
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NOTE: Rho = .095p =.82. Incidentally, as we see, a typical duratiom &hinese demographic
cycle is 150250 years.

However, we find a definite trend towards the increase in the growth phase
lengths if we consider only the cycles for which direct historical demographic
evidence is available, and omit the Late T'ang péfies well as the evidently
prematurely collapsetiian dynasty (see Table 2.1 and Diagram 2.17):

17 As it is not entirely clear if the Late T'ang periodshi not be regarded as a part of the T'ang
Sung intercycle rather than a separate cycle; seeabo
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Table 2.1 and
Diagram 2.17. Growth Phase Lengths of Chinese
Political-Demographic Cycles

Cycle Name Beginning of | Beginning of de- Growth
growth phase | mographic col- phase
(CE) lapse (CE) length
(years)

East (Late) Han Cycle | 57 188 131
(Early) T'ang Cycle 650 754 104
Sung Cycle 960 1120 160
Ming Cycle 1368 1626 258
Qing Cycle 1680 1852 172

280

260 * Mie?;g

240 ¥
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200 *

180 1

160 1

1401 Late Han

(4]
120 4
Eearly Tang
100 4 @
80 _ _ _ _ _
0 1 2 3 4 5 6

Dynasty sequence number

NOTE: Rho = .8p = .05 (1-tailed). The reasons for the useadf-tailed significance test here will
become apparent in the next chapter.

On the other hand, it is hardly surprising that the data indicatmequivocal
upward trend for the maximum population numbers reached within a cgele (s
Diagram 218):
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Diagram 2.18. Highest Population Numbers
Reached during Dynastic Cycles (version 1).
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NOTE: Rho =.74p = .037.

If we use estimates of Zhao and Xie (89836-7) for Han and Early T'ang,
and consider the Late T'ang period as a part of an intercycle, rather than as a
separate cycle, the trend will Been more pronounced (Diagrani 9):



Historical Population Dynamics in China 77

Diagram 2.19. Highest Population Numbers
Reached during Dynastic Cycles (version 2).
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NOTE: Rho = .93p = .003

What kind of trend do we observe here? Linear regsression suggests iwdtatist
ly significant @ < 0.001) relationship witli? = 0.398"® Exponential regression
produces an even stronger result with = 0.685 p < 0.001); seeDia-
gram 2.20:

18 All regressions for pre-industrial and industrial pds combined were calculated for years-57
2003.
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Diagram 2.20. Curve Estimations for Chinese Population Dynamics,
millions, 57 — 2003 CE (linear and exponential models)
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NOTES: The thin black line corresponds to the obsenagllption dynamics surveyed in this
chapter Linear regressionR = 0.631,R? = 0.398,p < 0.001. The respective best-fit thin light grey
line has been generated by the following equatigr: 0.2436 — 124.25.Exponential regression

R = 0.828 R? = 0.685,p < 0.001. The respective best-fit thick dark greg liras been generated by
the following equation: 13.35765e %5, The best-fit values of parameters have been caldulate
with the least squares method.

However, a simple hyperbolic growth model produces a much better fit with the
observed dataifz 0.968,p << 0.001%), see Diagram 2.21:

%N fact, tcl)gbe exact, statistical significance of fihén this case reaches an astronomical level of
1.67x 10",
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Diagram 2.21. Population Dynamics of China (57 — 2003 CE), millions,
correlation between the observed values and
the ones predicted by a hyperbolic growth model
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Yet, even if we consider only the pre-Modern history of China (up 50)18ve
will still find the hyperbolic growth trend for this part of Chinese histiany
(see Diagrams 1.23):

Diagram 2.22. Population Dynamics of Pre-Modern China
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What kind of trend do we observe here? Linear regression again suggests a
tistically significant p < 0.001) relationship withR? = 0.469. Exponential e-
gression again produces an even stronger resultRfith 0.593 (p < 0.001);
seeDiagram 2.23:

Diagram 2.23. Curve Estimations for Pre-Modern Chinese Population
Dynamics, millions, 57 — 1850 CE
(linear and exponential models)
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NOTES The thin black line corresponds to the observed ptipalalynamics surveyed in this
chapter Linear regressionR = 0.689 R = 0.469 p < 0.001. The respective best-fit thin light grey
line has been generated by the following equatigr: 0.1098 — 27.97.Exponential regressiorR
=0.77Q R? = 0.593 p < 0.001. The respective best-fit thick dark grey line basn generated by
the following equation16.9785x e > The best-fit values of parameters have been calculated
with the least squares method.

However, a simple hyperbolic growth model once more produces a much better
fit with the observed datd&f = 0.884,p << 0.00F°%, see Diagram 2.24:

20 70 be elxg?ct, statistical significance of the fit istcase again reaches an astronomical level
(2.8x 107).
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Diagram 2.24. Population Dynamics of Pre-Modern China
(57 — 1850 CE), millions, correlation between
the observed values and the ones predicted
by a hyperbolic growth model
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NOTE:R = 0.94 R? = 0.884 p = 2.8x 10™'°, The black markers correspond to empirical estimates
surveyed in this chapter. The grey solid line has beeergted by the following equation:

_ 33430.51!
' 1915t

The best-fit values of parameters(33430.518) andh (1915) have been calculated with the least
squares method.

Thus, the trend observed in the Chinese historical population dynamics (both
for the whole Chinese history, and for its pre-industrial part) is notl}ifiea
not even exponential, but is in fact just hyperbolic.

As was mentioned above, this trend is accounted for by the innovations in
the raising of the carrying capacity of land. The most massive innovations o
this kind took place during the Sung and Qing cycles, which accounts for their
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shapes being rather different from the rest of the cycles in that they include very
strong "trend-creating" components.

After detrending, a typical Chinese population cycle looks as follows: its
dynamics are characterized by a relatively fast population growth at the initial
phases of the cycle, followed by rather long periods (normally, of ar ofch
century, or even more) of a very slow and unsteady population gratethThis
is accompanied by increasing significant, but non-critical annual fluctuations in
the annual growth (occasionally dropping to zero, or even negative values).
These fluctuations are mostly caused by annual fluctuations in climati¢: cond
tions causing fluctuations in annual yields, and hence rises of populatigthgro
rates in good years, and their drops in lean years (accompanied by faniines,
nor epidemics, rebellioretc). These fluctuations tended to be smoothed during
the initial phases, when the countercrisis potential was at its peak, but tended to
increase in magnitude during the pre-collapse phases, with decrease both in the
effectiveness of functioning of relief sub-systems, and in average consompti
levels. For example, Zhao and Xie (B9842) provide the following estimates
of the annual population growth rates on the basis of the official Qing statistics
for the preeodllapse decades (see Diagram 2.25):

Diagram 2.25. Annual Population Growth Rate Fluctuations
in Late Qing China (1820 — 1850, in %o)
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21 As was mentioned above, rather massive innovations iraibe of the carrying capacity of land
appear to have taken place also during the Mingecyiebugh this does not seem to be adeguat
ly reflected in the Ming population dynamics reconsinre described above.
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There are considerable doubts about the accuracy of the data on those fluctu
tions .9, Durand 1960), but they still seem to reflect some reality, as for this
period we have much historical data on occasional famines poorly mitigated by
relief systems whose effectiveness was very low at this phase, increasirig sever
ty of floods (caused by the decline of the effectiveness of the flooeuiey
subsystem), rebellioretc. (e.g, Mann Jones and Kuhn 1978).

Nefedov's model captures rather well this part of population dynamias; ho
ever, there are a few problems with it. Within this model after a relatively short
initial period of rapid growth, population stagnates and fluctuates at the carrying
capacity level. Yet, in none of the cases analyzed ablovee observe exactly
this. The closest fit to this model is found for the Eastern Han cycle (see Di
gram 2.2), whose dynamics seem to have been overgeneralized by Néfedov.
fact, the point that 2680 years after 105 CE the population registered by the
Chinese census did not increase is accounted for, first of all (and ttis, in
dentally, was acknowledged by Nefedov [1999e: 8] himself), by the losigof
nificant territories in the North-West by the Han state. Hence, the decrease of
population registered by the census reflects, above all, the loss of control by the
Han state over some of its territory (and population) rather than actuabpopul
tion decline.

Note that as Nefedov's (2004) own data suggest, after the territory co
trolled by the Eastern Han Empire had stabilized, the population grewth r
sumed again. So actually, in the history of China the periods of fastatiopu
growth tended to be followed by periods of much slower growth @uitiside-
ale fluctuation), rather than population stagnation. Of course, this growth can
be accounted for partly by carrying capacity enhancing innovations; but as o
model suggests, some such growth could take place in the pre-final phases of
cycle even if the carrying capacity of land remained stable. The other problem
with Nefedov's model is that within it fast population growth starts immediately
after demographic collapse, whereas, as we saw above, in reality the periods of
new fast population growth were always separated from demographic collapse
by significant "intercycles", when the population growth is suppressedrby co
tinuing internal warfare.

The overall functional scheme of Pre-Modern Chinese demographiscycle
outlining most of the mechanisms of demographic collapse which we have
found in the literatureis presented below in Diagram 2.26:
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Diagram 2.26/1.

Functional Scheme of a Pre-Industrial Chinese

Demographic Cycle (pre-collapse and collapse
phases) (Part 1)
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Diagram 2.26/2.

Functional Scheme of a Pre-Industrial Chinese

Demographic Cycle (pre-collapse and collapse
phases) (Part 2)
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Due to the shortage of space it turned out to be impossible to mark in the
scheme above all the relationships.

For example, defeats by external enemies and growth of banditry lead to fu
ther declines in state revenues; increasing severity of famines leads to growth of
banditry, which in its turn contributes to the rise of rebellions.

Only some peasants who loose their lands become téfagsvas shown
by Nefedov (2002a; 2004), it does not make sense for a landlord toutetis
land in plots barely sufficient to provide subsistence for a tenant and lilig. fam
As the standard rent rate in China was 50%, such plots would be at least twice
as large. Hence, if two poor peasants having minimum size plots each have to
sell their land, only one of them will be able to accommodate himself inlhis vi
lage as a tenant. The other will have to accommodate himself in some other
ways. One of the possibilities was to find an alternative employment in non-
agricultural sectore.g, in cities. As was suggested by Nefedov, the veoy pr
cess described above would in fact tend to create new possibilities fomsuch e
ployment, as landowners were more likely than poor farmers to buy gomds
duced in cities. This is confirmed by historical data indicating that the fastest
growth of cities (and, hence, overall sociocultural complexity) tends to occur
during the last phases of demographic cycles. However, not all the product paid
by tenants to the landlords would find its way to those landless who traed to
commodate themselves in the non-agricultural sector of economy; hence, some
of them would tend to accommodate themselves through illegal means, thus,
leading to the growth of banditry. Other important relations not indicated in the
scheme are the negative feedbacks between famines, infamticid®d popi-
lation growth.

With respect to the relationshiflite Overpopulation- Overstaffing of the
state apparatus- Decreasing ability of state to provide relief during famines
the following illustration seems to be relevant:

"By Chia-ch'ing times (17961820- A.K, A.M., D.K.) this vast grain administration
had been corrupted by the accumulation of superfluous personrkleaiets, and by

the customary fees payable every time grain changed hands ed massnspection
point... The grain transport stations served as one of the focal points for patronage in of-

ficial circles. Hundreds of expectant officials clustered at these posts, salariedias dep
ties ch'ai-weior ts'ao-we) of the central government. As the numbers of personnel in
the grain tribute administration grew and as costs rose through the eighteetutty,c

the fees payable for each grain junk increased accordingly. Vifher@32 fees had
ranged from 130 to 200 taels per boat, by 1800 they had gm@00 taels, in 1810 to

22 As was shown by Shepherd (1988), this was just oneec$dhrces of the origins of tenancy.
Another was created by the capital investments of landcs in various land-improvement
schemes (irrigation, land reclamatiett). What is more, Shepherd suggests that in Late Imperial
and especially Republican China the second sourceweasneore important than the first. tte
ever, his own data also indicate that during eadyetes the first source of tenancy was more
important than in the latest periods of Chinese history.
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500, and by the early Tao-kuang period (1821), to 700 ort®€6" (Mann Jones and
Kuhn 1978: 121).

Note that we are dealing fewith a system that had been extremely effective
during earlier phases of the cycle:

"In the autumn and winter of 17431744, a major drought afflicted an extensive-po
tion of the North China core, resulting in a virtually complete crdpréa The famine-
relief effort mounted by the court and carried out by ranked bureaucrats was. .. stunning-

ly effective. Ever-normal and community granaries were genefallpd to be well
stocked, and the huge resources of grain in Tongzhou anddetpets were transported
in time to key points throughout the stricken area. Networks of centeesquizkly set
up to distribute grain and cash, and soup kitchens were organigedrincity to which
refugees fled. In the following spring, seed grain and even wrea distributed tofa
flicted farming households. As a result of this remarkable organizatiodalogistic
feat, starvation was largely averted, and what might have beejpagoanomic disd-
cation had negligible effect on the region's economic growth" (Skintg&: 233).

Floods "Crises in the grain transport system were part of a general breakdowh-of p
lic functions in the early decades of the {1@entury, stemming in part from burea
cratic malfeasance. In the case of grain transport, malfeasancly wmmpounded
physical difficulties in a complex canal system that was joined at its mid-pm the
Yellow River Conservancy (responsible for flood-prevention activitidsK., A.M.,
D.K.). The physical difficulties of the system stemmed from silting cabgédtbavy soil
erosion... By the late eighteenth century, the bed of the Yellow River had risen to dan-
gerous heights, threatening the dikes and causing observers to predidrpe o its
course whichfinally came in 1853... Carelessness, ill-advised economies and int&m-
al negligence in the Yellow River Conservancy had become a chadkeern in official
memorials after 1780, and corruption continued to plague the administratiom early
nineteenth century. By many accounts, the aim of the water consgradministration
appears not to have been flood prevention, but rather the geefa careful balance
whereby floods could occur at intervals regular enough to justify anciomg flow of
funds into the water conservancy administration. Stories of three-dgudting circuits
and continuous theatrical performances along the south river comsgsusggested that
only 10 per cent of the sixty million taels that annually supportegvétter conservancy
were spent legithately... By the Tuo-kuang era (1821 1850- A.K., A.M., D.K.) the
water conservancy, like the Grand Canal, had become a havandmployed burea
crats" (Mann Jones and Kuhn 19721).

It appears important to note that the functional scheme above does nottaccoun
for negative feedback®.Q, the negative feedback between the growtheef f
male infanticide rates [ultimately caused by population pressure] and the pop
lation growth rates). Note that not all such negative feedbackshemn ad-
quately spelled out even yet.g, the influence of the growth of monasticism
(caused to a considerable extent ultimately by population pressure) ompopul
tion growth rates.

Some of the mechanisms outlined in the scheme above are rather China-
specific, for exampleBringing under cultivation marginal lands in upstream areas = De-
Jforestation/ soil degradation in upstream areas = Silting of the Yellow River bottom = Increas-
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ing severity of floods = Growing number of indicators that the dynasty has lost the "Mandate of
Haven"" and should be replaced by a new dynasty = Rebellions. One could hardly find this
mechanism working in, say, Egyptian political demographic cycles (see the nex
issue of oulntroduction to Social Macrodynami¢korotayev and Khaltourina
2006 Chapters 29]).

Some other factors have countervailing effects. For example, femalg-infant
cide, on the one hand, delays demographic collapse by decreasing population
growth rate; but, on the other hand, it speeds it up by promotingdhehgof
banditry, as well as numbers of males having no chance to get married, who
make ideal potential recruits both for bandit networks and for rebel armies.
Though such factors are immensely important if we would like to modehdyna
ics of many particular variables during demographic cycles (for example, life
expectancies at age 1 and higher [as was convincingly demonstrated by Lavely
and Wong 198: 736-8])%, it seems possible to ignore them on the level of
basic models of demographic cycles. Hence, in the next chapter we will restrict
ourselves to the modeling of just a few of what we consider the most basic
mechanisms of political-demographic cycle dynamics.

2 And we believe such factors should be taken into attdaufuture more comprehensive models.
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A New Model of Pre-Industrial
Political-Demographic Cycles

by Natalia Komarova and Andrey Korotayev

The focus of the present chapter is not to fit the existing historical data, with all
of its intricate features. Therefore, we do not feed the model external wa

fare or temperature variables. Instead, we would like to mimic the qualitative
behavior of the system in order to see whether the historical dynamicanare
sistent with the verbal explanations offered by various authors. We woald lik
to understand the way annual climatic variations interact with populatioix dens
ty to produce a demographic collapse through an increased frequencyr-of inte
nal warfare. We would also like to see how a country emerges from such a
"state of disarray"and what factors influence this "intercycle" period. Internal
warfare and its inertia will play an important part in this model.

The only exogenous variable in our model is fluctuating climate (astreflec
ed by a fluctuating harvest yield). We will run our model and observe fow ¢
cles are formed, and what influences their period and amplitude. We set up the
model as a system of difference equations where the value of the variable in a
certain year is defined by the state of the system for the previous year.

We denote b, the number of peasants in yéaket us suppose that the-t
tal area of the land available for agricultureAjs., and the area per peasant is
Area. In times of peace, the amount of land per peasare® = Aqa/N;, that
is, all available arable land is being used.

Let us denote b, the average amount of food harvested by a peasant each
year, measured per unit area. Every year, due to changing weatoes, féoe
harvest yields will be different. We model this by letting the harvest variable be

Harvest= H, x random numbet. (3.1)

The amount of food per person in ydais then given byFood = Har-
vest x Area.

There is a minimum amount of food needed for a peasant to surdkie ea
year; we call itFood,,;,. Then the quantitdF = Food- Food,,;, is the per cap

1 In the simulation whose results are presented at thefetids chapter its range is set at 0.85 to
1.15.
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ta food surplus. In a good year, this quantity is positive, in a eadilis neg-

tive (food shortage). The population grows, or shrinks, deperdiriis factor.
Namely, the amount of population growth per year is directly proportional to
dF, and ifdF > 0, then the population will grow; dF < 0, it will shrink. This is
captured by the following basic population dynamics model:

Nit 1=N; (1 + a x dF),

wherea is a coefficient; we restrict the growth ratex dF to a maximum of

3% a year. This model implicitly includes the carrying capacity in the following
way: if there is much available land, then the peasants will have large allotments
and will collect enough food to feed themselves, even in difficult yeara.rés

sult, the food surplus will be positive, and the population will grow. New-pea
ants will need land, and therefore the area per peasant will decrease (the total
area of land available for agriculture is assumed to be fixed). As a result, the
food surplus will be lower, and the growth will slow down, until thetem
reaches a "dynamic equilibrium”. This is a typical Malthusian growth model,
leading to a logistic growth curve with saturation.

In reality, things are more complicated, and the first factor that we take into
account is the presence of the state. We assume that the state collects taxes; with
the amount of taxes per household (in years of peace) determined @sithe b
of food surplus. We assume the following taxation scheme: If there itsoaddt
food, the state collects a fixed fraction of food surplus. If there igagi®of
food, the state does not collect taxes. A state-owned food reserve is formed,
which is then used to feed the starving people in the years of poor Weld.
keep track of the state-owned food reserve by means of the veagialilehe
food surplus is positive, there will be an increase in the food reserteeby
amount of\; x tax x dF, wheretax is the proportion of the food surplus that is
moved to the counter-famine resetvi there isa shortage of food, then the
necessary amount of stored food is distributed among the peasantsgand th
overall amount of stored food decreases; indeed, it can be completely depleted
in bad years. If we include food storage in the model, we see that iedime b
ning, as the population grows, the food storage increases, and whenuke pop

2 The presence of a state-sponsored relief system may sdmertdo China-specific. Admittedly,
developed systems of this kind are very rarely foundhivicomplex agrarian systems outside
East Asia. However, famine-relief counter-crisis subsystensomwie kind are found within an
overwhelming majority of complex preindustrial states. fast wide-spread type was based on
the private stores of food resources held by elitesi¢danersetc). During famines the elites
would tend to use those storages to provide a sortief te at least some categories of coom-
er population. Landowners, after all, normally wohklve an interest in their tenants not dying
out, and naturally would provide some support to therauich cases. No doubt such relief was
rarely altogether altruistic: landowners could pdeviood to peasants in order to indenture them
and to get their land. But regardless of its motive, sidiwould have hekd substantial parts of
affected populations to survive through lean years tf® sake of simplicity, in our model both
main types of pre-industrial counter-crisis relief subsystaraamerged in one (hence, taxes are
merged with rents).
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tion reaches saturation at the carrying capacity level, the food storagesgets d
pleted after a few bad years, and continues to oscillate at low levels.

Next, we need to add some political factors to this purely economic model.
In times of trouble, some peasants may be tempted to leave/sell their land and
obtain food by joining bandits or reb&l§he less food is available, the more
likely peasants will be to make this decision. Thus we introduce the vaRable
the number of bandits in year The number of peasants turning bandits each
year is set atR= — N, x dF/Food,, X aq. in the years when there is food
shortage, and O in prosperous years. Here, the congtamn "peasant-bandit
transformation rate", basically describing the likelihood that each person will
make the decision to become a bandit, depending on how large the fobd shor
age is.

In order to describe the population dynamics of the bandits, let us suppose
that the bandits survive by robbing the peasants. The more peasants lare avai
ble, the easier it is for a bandit to survive. Let us introduce the qugntegual
tog=1-N/(10R)if Nj < 10R, and &= 0 otherwise. Then the equation
for the number of bandits each year can be written as

Ri1=Ri (1-4-4,) + dR.

This equation states that the population of bandits decreases in the absence of
new recruits. We assume that bandits rarely have families, and that they have an
increased death rate as a result of the hardships of their life style. Theadeath r

of bandits consists of two par{s- the constant background rate, ahavhich
depends on how successful the bandits are at extracting food from thatpeas

If the peasant bandit ratio is greater than 10, we assume that the bandits can
eadly feed themselves; the smaller the ratio, the harder it is for the bandits to
survive.

For the next step, we need to discuss the impact of banditry on the lives of
peasants and on the general condition of the state. First of all, the presence of
bandits ravaging the countryside introduces a certain "fear factore gafu-
lation of the country decreases due to the intensification of internal warfare,
much land becomes free, and in principle could be cultivated by the remaining
peasants. However, this is not likely to happen, since peasants tend to stay in
protected areas, and agricultural activities outside the limited protected region
are considered unsafe. This can be modeled by assuming that in the poésence
bandits, some parts of unoccupied land are not available for peasaas; =
At/ (N; + 10R). This means that in times of pead®R, << N;), all available
area is distributed among the peasants. In times of M& ¢ N), the peasants

3 We follow Chu and Lee (1994) in denoting as "bastditoth bandits and rebels (note that Chu
and Lee in their turn follow the Chinese tradition denoting both categories with one term
[féizéi]). The logic behind this merging is that both groupsdpce rather similar effects onpo
ulation dynamics: rebels, even when fighting with #m of improving the life of peasants, in
order to feed themselves would still have to take foothfpeasants.
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tend to stick to their land in safe areas, expansion to available uncultivated
lands in unsafe areas does not happen, and effective carryingtgaypdand
decreases. Thus banditry/rebellions/internal warfare are the basic reasons for
demographic collapse as described in our model.

Secondly, warfare hasnegative impact on the ability of the state to collect
taxes. In order to capture this, we introduce the "tax collection effectivemess ¢
efficient”, U. Depending on the level of internal warfare (measured best by the
number of bandits), this coefficient is equal to 0 in times of war, and iusl eq
to 1 in times of peace. We assume that during war, the state is weakened and its
ability to collect taesis impaired. This is captured by the following equation:

Si1=S+dSx U,

wheredS is the tax collected or the food from the storage given back to the
peasants, exactly as described above Lhgdantifies the efficiency of the state

and the impact of war on tax collection. In time of wauiis close, or equal, to
zero, and taxes are not collected efficiently because the state infrastructure is
partially destroyed.

To summarize, we have included three main elements in this model. (1) The
Malthusian-type economic model, with elements of the state as tax collector
(and counter-famine reserve sponsor), and fluctuating annual harvest yields; this
describes the logistic shape of population growth. It explains well the upward
curve in the demographic cycle and saturation when the carrying capacity of
land is reached. (2) Banditry and the rise of internal warfare in time ofameed
the main mechanism of demographic collapse. Personal decisions of paasants
leave their land and become warriors/bandits/rebels are influenced by economic
factors.(3) The inertia of warfare (which manifests itself in the fear factor and
the destruction of infrastructures) is responsible for a slow initial growth and the
phenomenon of the "intercycle”

Let us put all the definitions and equations together in a coherenteset, d
scribing demographic cycles of complex agrarian systems

e N;is the number of peasants
e R is the number of bandits
e S is the amount of food storage;
Harvest = H, + random fluctuations (3.1)
o U is the "tax collection effectiveness coefficient":
U= (1-R/0.0N)® if R<O0.03,
0 otherwise;
Area.1 = Awra/ (Ni + 10R);
Food = Harvest x Areg;
o dFis per capita "food surplus" (which could be not only positive, but
also negative):
dF, = Food/N; — Food,x;
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dS= Nxtaxx dF if there is additional product
N; x dF; if there is shortage of foodF < 0) and enough
storagg(N; x dF| <S),
-S if there is considerable shortage of food

(dF<0; N; x dF| <S);
e dF is "effective" food surplus, after tax/rent payment, or after vecei
ing state help
dF' = dF| — dS/N| )
e ¢ is related to the growth rate of peasants. We assume that the quantity
a x dF' cannot exceed 0.03
e dR is number of peasants turned into bandits in iear
— N X agy x dF/Food,, if there is not enough food
0 if there is enoughdioo
o aouis "peasant-bandit transformation rate"
o [+ ¢4 is death rate of bandjtg is the constant background rate
1- N/10R if Nj< 10R,
0 otherwise
e rob- bandit-related death rate of peasants
The difference equations (equipped with appropriate initial conditions), are:

&:

S1=§5+dSx U, (32)
N+1=Nix(1+axdF)-dR-robx N xR, (33)
Rii=Rix(1-8-48)+dR . (34)
This model generates the following dynamics (see Diagram 3.1):
Diagram 3.1. Dynamics Shape Generated by the Model
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rations (each of which secures a survival of one petsough one year). The diagram reproduces
the results of a simulation with the following valuespaframeters and initial conditionily =
30,000,000 peasant&ra = 50,000,000 unitsit is assumed that one unit produces under average
climatic conditions one minimum annual food ration (MAFR., an amount of food that is kear

ly sufficient to support one person for one year, that, = 1 MAFR per unit per yearandom
numberrange is between 0.85 and 1.15, thisvest (per unit yield in year) randomly assumes
values in the range 0.85 to 1.15 MAFR per unit maryFoodmn = 1 MAFR; Ry = 1000 bandits;

S = 0MAFR; o = 0.04 MAFR?; tax= 0.05;a0u = 0.1;4 = 0.03;rob = 0.000000002.

A numerical investigation of the effect of parameter values on the dynamics of
our model indicates that the main parameters that affect the period of the cycle
are the proportion of resources annually accumulated in counter-famingeseser
(tax), peasant-bandit transformation ratg,§, and the magnitude of climatic
fluctuations M.).* Longer cycles of more than three centuries in period obtain
for higher values ofax and lower values o, and M., whereas the cyce
length becomes shorter with lowtx, and highero,,; and M. This suggests

that the length of the cycles would increase with the growth of the strength of
counter-famine and law-enforcement subsystemnisch seems to correspond
quite well to the actually observed historical dynamics (seg, Nefedov
2000a, or the next issue of datroduction to Social Macrodynami¢korota-

yev and Khaltourina 2006])

We believe that the proposed model combines positive aspects of earlier
models that have not previously been combined within one model. Unlike
Nefedov's model, but like some predator-prey logic based models it accounts
for significant intercycle periods. On the other hand, unlike the latter, due to the
inclusion of the famine relief subsystem dynamics our model can now &ccoun
for lengthy periods of very slow and unsteady population growterfwhuch of
the population had inadequate per capita acreage and there existed very stro
incentives to innovate in order to raise the carrying capacity of fardjvever,
like most of the earlier models, it is based on the assumption that subsistence
technology development level is a constant. As a result it only describes "sec
lar cycles", but not "millennial trends". Is it possible to develop mathematical
models that describe both secular cycles and millennial trend dynamics? We
shall try to answer this question in the next chapter.

4 On the other hand, the "bandit death raf@"affects strongly the length of the intercycles (the
smaller the bandit death rate, the longer the inté&gsycwhereas bandit-related death rate of
peasantsrb) affects strongly the amplitude of cycles (the highertandit-related death rate of
peasants, the higher the cycle amplitude). Noteftltain be regarded as a measure of a political
system effectiveness in suppression of banditry, whereaseifious impact afob seems toe-
flect the importance of a systems's cultural charadteigifluencing the ease with which a life
of another person could be taken.

5 In the next chapter we will see why this is so impur(gee also the next issue of dntroduc-
tion to Social Macrodynamid&orotayev and Khaltourina 2006]).
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Secular Cycles and Millennial Trends’

Initially, we want to consider what effects could be produced by the long-ter
interaction of millennial macrotrends of the World System development and
shorter-term cyclical dynamic&smong other things this will make it possible

for us to demonstrate how even rather simple mathematical models of pre-
industrial political-demographic cycles could help us to account for a paradox
that has been encountered recently by political anthropologists

At least since 1798 when Thomas Malthus publishedEsssy on the Pi
ciple of Population(1798) it has been commonly assumed that in pre-industrial
societies the growth of population density tends to lead to increase in warfare
frequency? For example, in Anthropology this assumption forms one of the
foundations of the "warfare theory" of state formation. Indeed, aicepta this
theory population growth leads to an increase in warfare which can lead, under
certain circumstances, to political centralization (Sanders and Price 23%8
2; Harner 197068; Carneiro 1970, 1972, 1978, 1981, 1987, 1988, 2Q(&xx:

6; Harris 1972, 1978; 199286-90; 2001 92; Larson 1972; Webster 1975;
Ferguson 1984; 199@1-3; Johnson and Earle 19816-8).

However, some anthropologists have raised doubts regarding thisrrelatio
ship (Vayda 1974183; Cowgill 197959-60; Redmond 1994; Kang 2000). On
the other hand, Wright and Johnson (1975) have shown that in B@shhkan
population density in the state formation period did not grow, but rather d
clined, while Kang's analysis of data for the state formation period Kerea r
veals only a very weak correlation between warfare frequency and population
density (Kang 2000). Finally, cross-cultural testing performed by Keelep(199
117-21, 202) did not confirm the existence of any significant positive @orrel
tion between the two variables, which seems to have convinced Johnson and
Earle to drop, from the second edition of their book, the mentioomilation
pressure as a major cause of warfare in pre-industrial cultures (Johrtson an
Earle 200015-6).

! The first half of this chapter has been prepared obakis of an article written by the first author
of this monograph in collaboration with Peter Turcfiiorchin and Korotayev 2006).

2 Indeed, Malthus (1798/1978) saw war as one of the atdntbnsequences of overpopulation
along with disease and famine.
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We tested this hypothesis ourselves using the Standard Cross-Cultural Sa
ple database (STDS 2002). The first test seems to have confirmed thd+total a
sence of any significant correlation between population density and wagare fr
guency (see Diagrami:

Diagram 4.1. Population Density x Warfare Frequency.
Scatterplot with fitted Lowess line.
For the Standard Cross-Cultural Sample
(Murdock and White 1969)
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NOTE:Rho = 0.04,p = 0.59 (2-tailedj. POPULATION DENSITY CODES1 = < 1 person per 5
sg. mile; 2 = 1 person peri sq. mile; 3 = 145 persons per sq. mile; 4 =25 persons per sg.
mile; 5 = 26-100 persons per sq. mile; 6 = 1@0D0 persons per sg. mile; 7 = over 500 persons per
sg. mile. WARFARE FREQUENCY CODES4 = absent or rare;-—2 = values intermediateeb
tween "1" and "5"; 5 = occurs once every 3 to 10ye6-8 = values intermediate between "5" and
"9"; 9 = occurs once every 2 yearsi-1Q = values intermediate between "9" and "13"; 13cunc
every year, but usually only during a particular seagd-16 = values intermediate between "13"
and "17; 17 = occurs almost constantly and at any tirntteegyear. DATA SOURCES. For popaul

tion density Murdock and Wilson 1972, 1985; Murdock and Provost3191985; Pryor 1985,
1986, 1989; STDS 2002. Files stds03.sav (v64), stds06.8&88)(vstds54.sav (v1130). For wa

3 Use of SpearmanRho (and associated measures of significance) reflects theHacte were
dealing with variables measured on an ordinal scale.
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fare frequencyRoss 1983, 1986; Ember and Ember 1992a, 1992b, 1994, 1£9%51998; STDS
2002. Files stds30.sav (v773, v774), stds78.sav (vE)8stds81.sav (v17480).

The absence di significant correlation between the two variables seems to be
entirely evident. However, let us ask ourselves the following question: Does the
propositionthat growing population density tends to lead to a rise in vesfa
frequency necessarily imply the presence of a positive correlation between the
two variables under consideration? Some scholars certainly seem to itk ex

ly this way. Noteg g., that Keeley (199611721, 202) thinks that he hadue

ed the hypothesis under consideration precisely by demonstrating the absence of
such a correlation. However, we believe that to operationalize the hypothesis
under consideration this wayrisive.

The point is that, as we shall see below, the growth of population density in
preindustrial cultures does lead to a rise in waddrequency. But how would
the rise of warfare frequency affect population density? Certainly, it would lead
to the decline of population density. This is not only because frequefatrgvar
would decrease the number of people in any given zone. The other inhportan
point is that frequent warfare also would reduce cagying capacityof the
given zone. Within such zones affected by constant warfare, people would tend
to inhabit places that can be made defensible (see, e.g., Wickham 1981; Earle
1997 105-42; Turchin 2003b120). Fearful of attack, people cultivate (ot-e
ploit in other ways) only a fraction of the productive area, specifically rtie f
tion in proximity to fortified settlements.

In fact, it is quite clear that we have a dynamic relationship here which can
be described by non-linear dynamic mod#ig rise of population density leads
to the rise of warfare frequency, but the growth of warfare frequencyileéds
turn to a decline of population density. What kind of linear correlation would
such a relationship produce?

The simplest model describing this type of relationship is the "predator
prey" one (Lotka 1925; Volterra 1926). There are goaigls to expect this
model to be relevant in our case, because the relationship between population
density and warfare frequency appears to have the same basic logic as the one
between prey and predator populations.

This simple model looks as follows

2(= Ax— Bxy

c(ijt 4.1
y

— =Cxy-D

dt y—Ly,

wherex is population density ["prey"ly is warfare frequency ["predator”], and
A, B, C, Dare coefficients.

Note that though this model implies a perfect 1.0 level nonlinear aerrel
tion between the variables, it predicts that tests of linear relationship for the
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same data will detect a weak negative correlation between warfare frequency

and population density (especially if the linear ranked correlation is measured).
For example, withA = 0.02 (which is, by the way, the normal unlimited a

nual demographic growth rate for preindustrial cultures [Tur2Bid®]), B =

0.02,C = 0.025, and = 0.1, the temporal dynamics appear as follows (see D

agramé.2).

Diagram 4.2. Temporal Dynamics of Population Density X
(thick curve) and Warfare Frequency Y (thin curve)
with A=0.02, B=0.02, C=0.025, and D = 0.1
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The scatterplot of relationship between the two variables under consideration in
this case will look as follows (see Diagradn3):

Diagram 4.3.

Scatterplot of Relationship between Population Density
and Warfare Frequency predicted by the model with

A=0.02, B=0.02, C=0.025,and D=0.1
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Quite predictably with such a shape of distribution the test of linear relationship
for 500 cases detects beyond any doubt a weak but highly significant aegativ
ranked correlationRho= - 0.19,p = 0.00001, 2 tailed).

With A=0.02,B=0.04,C =0.04, and = 0.1, the temporal plot of theiva
iables under consideration looks as follows (see Diagrdin

Diagram 4.4. Temporal Dynamics of Population Density X
(thick curve) and warfare frequency Y (thin curve)
with A = 0.02, B =0.04, C = 0.04, and D = 0.1
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The scatterplot of relationship between the two variables under consideration in
this case will look as follows (see Diagrdnd):
Diagram 4.5. Scatterplot of Relationship between Population Density

and Warfare Frequency predicted by the model
with A=0.02, B=0.04, C=0.04, and D= 0.1
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With this shape of distribution the test of linear relationship for 500 cases d
tects a much stronger and even more highly significant negative rankeé-<correl
tion be4tween the variables under considerat®nho= — 0.45,p = 0.000002, 2
tailed).

This negative correlation is easy to explain. What is more, the mode$ seem
to correspond quite well to known facts. After all, population growth wiliobe
some extent inhibited by frequent warfare; hence, periods of significantgpopul
tion growth should almost by definition coincide with periods of relatively low
warfare frequency. On the other hand, as was mentioned above, the growth of
warfare frequency above a certain level will lead to immediate and rapid decline
of population density, whereas the drop of warfare frequency wouldttead
immediate increase in the population density.

The other important point is that warfare laa®rtain amount of inertia, and
so does not decline immediately after the drop of population. For most prei
dustrial cultures this inertia has a very straightforward explanation. As has been
shown by Keeley (1996), the most frequent cause of warfare is sieyagge.

Now, suppose that as a result of a sharp decline of population density bgpused
extensive warfare the population-pressure-induced reasons for war haye dis
peared; yet, the very high level of warfare in the previous period of tooéw
almost by definition imply digh level of warfare in the given period, since the
earlier period would have left a large number of killings and other hostile acts
still to be avenged.

Thus we appear to have two time lags which would tend to produce negative
correlations. As a result, we would have relatively many cases of highapopul
tion density accompanied by low warfare frequency, as well as low population
density accompanied by high warfare frequency, whereas the numbeesf cas
with high population density accompanied by high warfare frequency would be
zero, or very close to zero; hence, such lag effects would result in ndijegive
ar correlations.

Due to reasons which we will discuss at the end of this chapter, this negative
correlation is observed especially among cultures with relatively similardechn
logical bases resulting in fairly similar values of the carrying capacity of land.
In the Standard Cross-Cultural Sample this correlation can be detected for a
subsample of chiefdom&€., cultures with 1 or 2 levels of political integration

4 Negative correlations for this kind of model are muutre likely to be detected if one measures
Spearman'fRhq rather than Pearsor's It might be argued, then, that we have "stacked the
deck" by using the former rather than the latter.eNbbwever, that both the population density
and the warfare frequency variables available issiultural databases are ordinal-level, so that
rank correlation (SpearmariRhg turns out to be simply more appropriate methodologicall

5 This is almost inevitable as the drop of the populatiensity in the preceding prolonged period
of frequent warfare would mean that the remaining fagjmn would have abundant resources
immediately after the end of this period.

5 Hence, those versions of the model above with thdicieeft combinations implying such a time
lag seem to correspond to historical reality rather tlose
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above that of the individual community, having mostly fairly similar tethgro

ical bases). This test detected the actual presence of a significant negaéive corr
lation between the population density and warfare frequency for chiefdoms
(Rho=-0.26,p = 0.02). Note that the correlation between population density
and external warfare frequency for this subsample turned out to be stronger
(Rho=- 0.40). Predictably it turned out to be particularly strong when tine sa

ple was further split into simple and complex chiefdoms (see Diagt&nand

4.7y

Diagram 4.6. Population Density x Warfare Frequency. Scatterplot
with linear regression line. For the Standard Cross-
Cultural Sample, subsample of simple chiefdoms’.

0 10 20

Frequency of external warfare (resolved rating)

NOTE: Rho =— 0.44,p = 0.002 (1-tailedf For sources and codes see Diagdam

7 Simple chiefdoms were selected using the variable JURTBDNAL HIERARCHY BEYOND
LOCAL COMMUNITY (Murdock 1967, 1985; Murdoclet al. 1999-2000; STDS 2002file
STDS10.SAV [v237]). The cultures with one level @lifical integration above the community
were identified as having been organized politicallysimple chiefdoms, or political forms of
equivalent complexity (e.g., federations of communities)
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Diagram 4.7. Population Density x Warfare Frequency. Scatterplot
with linear regression line. For the Standard Cross-
Cultural Sample, subsample of complex chiefdoms?®
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24
14
u]
0 T
0 10 20

Frequency of external warfare (resolved rating)

NOTE: Rho =-0.41, p = 0.04 (1-tailed)For sources and codes see Diag/ain

8 As we had clear hypotheses predicting the correlafi@ttions, and as all the correlations tested
here and below turned out to be in the predicteettion, we used 1-tailed significance tests.

® Complex chiefdoms were selected using the variable JDIRIBONAL HIERARCHY
BEYOND LOCAL COMMUNITY (Murdock 1967, 1985; Murdoclkt al. 1999-2000; STDS
2002 file STDS10.SAV [v237]). The cultures with two lesedf political integration above that
of community were identified as having been organjzelitically as complex chiefdoms, oop
litical forms of equivalent complexity (e.g., tribalrfederations of the Iroquois type).
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A similar correlation is also observed, for example, for cultures based an exte
sive agriculture (see Diagra#n8).

Diagram 4.8.

Population Density x Warfare Frequency. Scatterplot
with linear regression line. For the Standard Cross-
Cultural Sample, subsample of cultures based on
extensive agriculture®,

scatterplot with a fitted regression line
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NOTES Rho =-0.3,p = 0.025 (1-tailed) For sources and codes see notes to Diagrdm

The fact that population density and warfare frequency are characterized by an
extremely close non-linear dynamic relationship, which on the surface appears
as a relatively weak negative linear correlation, is especially clear when we have
more or less exact long-term data for population density and warfare frequency

10 Cultures based on extensive agriculture were selessény the variable INTENSITY OF
CULTIVATION (Murdock 1967, 1985; Murdoclet al. 1986, 1990,1999-200Q STDS 2002
file STDS10.SAV [v232]). We selected cultures witHuea"3" of this variable ("Extensive or
shifting cultivation, as where new fields are cleaaediually, cultivated for a year or two, and
then allowed to revert to forest or bush for a laaltpfv period” [Murdock 1967159, etc]).
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for concrete pre-industrial cultures (Turch2®03; Turchin and Korotayev
2006, see, e.g., Diagram.9).

Diagram 4.9. Dynamics of Population (solid line) and Internal Warfare
(broken line) in China from 200 BCE to 300 CE, temporal plot (Turchin
and Korotayev 2006)

1.8
1.6
1.4
1.2
-200 -100 0 100 200 300
t. years
(D)
logW
log P

NOTES (a) trajectories of population and internal warfare xidéb) variable dynamics in the
phase space (X axis logarithm of populationY axis — logarithm of internal warfare index)
r=-0.37p<00L
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It might be revealing to compare these figures with the ones illustrating & class
cal prey-predator relationship. The data document population oscillations of
prey, a caterpillar that eats the needles of larch trees in the Swiss Alps, and its
predators, parasitic wasps. The caterpillar population goes through very regular
population oscillations with the period of®8years. Predators (here measured

by the mortality rate that they inflict on the caterpillars) also go throughascill
tions of the same period, but shifted in phase by 2 years with respeetpi@th
(Diagram4.10a). Almost 95% of variation in caterpillar numbers is explained
by wasp predation (Turchin 2003a), but when we plot the two variablesgagain
each other we see only a weak, and negative correl®iagram4.10b. If we

plot predators against the lagged prey numbers, then we clearly see the positive
correlation (Diagramt.109:

Diagram 4.10. Population dynamics of the caterpillar (larch budmoth)
and its predators (parasitic wasps). (a) Population oscillations of the cat-
erpillar (solid curve) and predators (broken curve). (b) A scatter plot of
the predator against the prey. The solid line is the regression. Broken
lines connect consecutive data points, revealing the presence of cycles.
(c) A scatter plot of the predator against prey lagged by two years
(Turchin 2003a)

(a)

Prey density (log-transformed)
Predator

1.0

0.8 -

0.6

Predator

0.4 +

Predator at t

0.2 - S| _e
.

Prey at t Prey at -2



106 Chapter 4

However, why did our first cross-cultural test, which employed a sample that
included societies with all possible degrees of cultural complexity stretching
from the IKung Bushmen to the Modern Chinese, fail to reaagisignificant
correlation between the variables under consideration

To answer this question, let us try first to model how the military-
demographic dynamics could change with the growth of political centralization.
First of all, note that the growth of political centralization (that is, the transition
from independent communities to simple, and then complex, chiefdomstand la
er to states and empires, which is accompanied by a hyperbolic growth of polity
sizes) leads to the decrease of the relative "lethality" of warfare (seéazar.
retyan 1995, 1999a, 1999b, 2001).

Indeed, on the one hand, for a small (< 50) independent local tjineup
maximum value of the warfare frequency index (=ld@ccurs almost constantly
and at any time of the year") implies an almost inevitable and very segeus d
population On the other hand, any accurate coder of cross-cultural data could
hardly fail to assign to, say, Russia betwd&20and 1860 exactly the maix
mum value of this index (at least because of the Caucasus War that continued
between 1817 and 1864, let alone numerous other wars, like the Cringan o
However, in this case this maximum value of the warfare frequency index was
not accompanied by anything even remotely similar to the depopulatiorsef Ru
sia; what is more, throughout this exact period, Russia experiencey rapier
demographic growth (see,g, Nefedov 2005)The explanation for this appa
ent paradox is, of course, very simpléde point is that within the developed
states (even if still pre-Industrial), wars (especially external ones) were usually
waged by relatively small professional well armed and trained arides e-
sult, a country could be nominally in the state of war for many decades tithou
experiencing any depopulation at all

Note that such external wars would not normally lead to any signifieant d
crease of the carrying capacity with respect to the territomhich the majority
of the respective state's population livesn general, the larger the polity, the
lower the negative influence of this polity's external wars on the carryirag-cap
ity of the territory controlled by this polityndeed, along the borders between
those polities that wage constant wars against each other we usually observe
considerable belts of economically unexploited (or underexploited) territories
(see, e.g., Blantoet al. 1999)

It appears possible to demonstrate the effect of polity size growth io-redu
ing external warfare's negative influence on carrying capacity with the help of
the following model (see Diagramll})

1 This is valid more for external than for internal faae. Thus, within supercomplex agrarian s
cietiesit is the internal warfare frequency that turns oubéaconnected with population density
along the "predator prey" modek lines. On the other hand, the external warfare #aqy d/-
namics also turn out to be connected with the pomudatensity dynamics, but, as we shall see
below, according to a totally different model.
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Diagram 4.11. Influence of Frequent External Warfare
on Carrying Capacity in a Zone Consisting of Simple
Chiefdoms (a) and Complex Chiefdoms (b), a Model

(a) Simple Chiefdoms

(b) Complex Chiefdoms

NOTE: Borders between polities are marked with solid liféss model assumes that strips along
the borders (marked with grey filling) are not expldiezonomicallyAs a result, frequent warfare
decreases carrying capacity of a zone consisting of sichpédoms by almost 89%, whereas in an
analogous zone consisting of complex chiefdoms it deesethe carrying capacity by less than
56%

During the course of human history, the polity sizes have increased bg 5 to
orders of magnitude (see, e.Gaagapera 1968,9Y8, 1978b, 1979, 1997;
Carneiro 1978; Grabelr995etc); therefore the influence of this factor shebul
have been very sizeabl&he long-term trend towards the growth of political
centralization tended to reduce the negative influence of frequent warfare on
demographic dynamics in two way4) through the professionalization of wa

fare and (2) through the growth of polity sizes, which entailed reductitreo
negative influence of frequent warfare on carrying capalksty possible to use

the Lotka— Volterra equations to model how warfare's frequency would-be a
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fected by the long-term decrease of warfatéethality” that accompanied
growing political centralizatiohThis could be done very easily through the r
duction of the value of coefficiel®, which is none other than a coefficient of
the lethal influence of the predator/warfare presence on the preyapopul
tion/population densityif this is done, what will happen to the predator papul
tion dynamic® Ceteris paribugthat is with the same values of initial prey and
predator populations, as well as with the same values of coeffide@sand

D), the decrease of the value of coefficiBnwill lead to an upward drift of the
system singular point (cent&)n the phase space (s@egramé.12)

Diagram 4.12. Drift of the "Prey — Predator" System Center
with Decrease of Lotka — Volterra
Coefficient B Value from 1.5 t0 0.5

Predator population

0 Prey population

NOTE: The values of coefficients, C, andD were taken as 1.0 for all three simulatiohise in-
tial values of prey and predator populations were alentical for all three simulations

The upward singular point (center) drift within such a phase space implies that
the predator population increases for all the cycle phases; thus, the average
predator population increases for any given year of the &jcle.

Hence, for traditional culturEswe have sufficient reason to expect the
presence of a positive correlation between the level of political complexity and

12 ith a considerable degree of oversimplificationsit e said that in this case the systemusing
lar point (center) can be considered as that poourat which the system rotation takes place in
the phase space during the cycles.

13 within real ecological systems this may be observed xfamele, if the predators' size decreases
due to some evolutionary pressures. Indeed, if in omsupport its survival a predator needs
just one prey animal a day (instead of, say, five anakgwey animals), then the same prey
population may support reproduction of a much largedaior population.
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warfare frequencyOur cross-cultural test employing the same database has
shown that such a correlation is actually observed (see Diayian

Diagram 4.13. Correlation between Political Complexity Level
and Warfare Frequency, for the Standard Cross-Cultural
Sample, scatterplot with a fitted regression line
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NOTES Rho = + 0262 p = 0002 Sources and codes for the warfare frequency index ar
described in notes to Diagrafnl. The number of supracommunal political integratiorelehas
been determined on the basis of the variable JURIS@EAL HIEERARCHY BEYOND LOCAL
COMMUNITY (Murdock 1967, 1985; Murdoclet al. 1999-2000; STDS 2002file stds10.sav
[v237]).

Political centralization, however, is only one of several relevant millennial
trends. No less relevant, for us here, is a trend already considered letaslin
earlier (Korotayev, Malkov, and Khaltourina 2006): the long-term increase in
carrying capacity that has been driven by the millennial trend of technological
growth.

Is it possible to use the LotkaVolterra equations to model how this long-
term trend would be expected to affect the warfare's freq@eratyus recollect
the basic model of population dynamics developed by Verhulst (1838)

dN N
ar rN @ K) 4.2
whereN is populationK is carrying capacity, andis the intrinsic population
growth rate in the absence of any resource limitations.

According to this model, an increase in carrying capacity, in the absence of

predators, will leaddgteris paribusto an increase in the relative growth rate of

14 As we shall see below, for modern cultures the Lethélterra model turns out to be inapmlic
ble (at least in the context that is of interest forergh
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the prey populationHence, the influence of carrying capacity growth ori-mil
tary-demographic dynamics can be easily modeled by increasing the value of
coefficient A in the Lotka— Volterra model As this coefficient is increased,
what will happen with the predator population dynamics

Ceteris paribugthat is, with the same values for initial prey and predator
populations, as well as for coefficierBsC, andD), the increase in the value of
coefficientA will also lead to un upward drift of the system singular point{ce
ter) in the phase spacas we have already observed for a decrease ini-coeff
cientB (see Diagramr.14):

Diagram 4.14. Dirift of the "Predator — Prey" System Center
with the Increase in Lotka — Volterra
Coefficient A Value from 0.5 to 2.0

1 |
A—=2Z_0 |

Predator population

D=0.5

0 Prey popupation

NOTE: The value of coefficient8, C, andD was taken as 1.0 for all three simulatiofise initial
values of prey and predator populations were also whrftr dl three simulations

In this case too, the upward singular point (center) drift within the plpase s
implies that the predator population increases for all the cycle phases; thus, the
average predator population increases for any given year of the'tycle.

Thus, for traditional societiéswe have definite grounds to expect a positive
correlation between the technologically determined carrying capacity and wa
fare frequencyTo test this hypothesis cross-culturally we can compare warfare
frequencies in gg-agricultural societies with those in cultures practicing casual,

151t is easy to understand why such a dynamics will berebdédn actual ecological systema: |
deed, if the carrying capacity increasedimes with respect to the prey population, it would
mean that the respective zone could suppdirnes more prey animals, and, hence, it would tend
to be able to supporttimes more predators.

16 |n modern (and even "protomodern”) societies, as we stalihis below, the technologicallg-d
termined increase in carrying capacity tends to deeregther than to increase warfaregfren-

cy.
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extensive, and intensive agriculture. The transition to agriculture and itsiintens
fication was accompanied by a radical increase in the carrying capdwie-
fore our hypothesis may be operationalized in the following: was/ highest
warfare frequency should be observed among the intensive agriculturalists, the
frequency should be significantly lower among the extensive agriculturalists,
and so onOur cross-cultural test employing the same database indicates that
such a correlation is actually observed (see Diagrd®):
Diagram 4.15. Correlation between Intensity of Subsistence

Economy and Warfare Frequency,

for the Standard Cross-Cultural Sample,

scatterplot with a fitted regression line
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NOTES Rho = + 0.136, p = 0044 (1-tailed). Sources and codes for warfare frequemey i
dex are described in notes to Diagrdri. The intensity of subsistence economy has been-dete
mined on the basis of the variable INTENSITY OF CULTM@N (Murdock 1967, 1985;
Murdocket al.1999-2000; STDS 200Zile stds10.sav [v232]).

As we see, our cross-cultural test has detected the presence of a statiggically si
nificant correlation in the predicted directidhmay be no coincidence, mare

ver, that in the present test the correlation is only about half as strong as in the
previous test (see Diagram 4.13). The point is that the growth of potitical
plexity tends to be accompanied by the growth of carrying capaoitfiact,

these variables are dynamically related with each offtex intensification of
subsistence economy creates powerful stimuli towards the growth of political
complexity (of course, the presence of such stimuli does not always lead to the
actual growth of political complexity, but it is by no means infrequently that it
does s0). On the other hand, the growth of political complexity creates pbwerfu
stimuli towards the intensification of the subsistence economy ésgeKoro-

tayev 1991). As a result, we observe a rather pronounced correlation between
the intensity of subsistence economy and political conitylésee Tabld.1):
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Table 4.1. Correlation between Intensity of Subsistence Economy
and Political Complexity

Political Complexity Index = Number of Political Inte-
. tion Levels over Community
Subsistence gra
Economy In- . 0 1 2 . 3 =4 Total
tensity Index (indepem-| (simple | (complex| (simple | (complex
y entcon- | chid- chief- stated®) |states/ermpi
munities)| domd”) | domg? res)
1 (agriculture 34 8 0 0 0 42
is absenyt 81% 19% 0% 0% 0% | 1009
2 (incipient 5 3 0 2 0 10
agriculturg 50% 30% 0% 20% 0% 1009
3 (extensive 20 21 11 2 0 54
agriculturd 37% 389% | 20.4% 3.7% 0% | 1009
4 (intensive 8 5 5 9 4 31
agriculturg 258% | 161% | 16.1% | 290% | 129% | 1009
5 (intensive 6 5 4 6 8 29
irrigated 207% | 172% | 138% | 207% | 27.6% | 100%
| agriculturg
Total 73 42 20 19 12 166

NOTE: Rho =+ 0540, p =0,00000000000006
Gamma = + 0612, p <0,00000000000000a0

As we see, all the above mentioned advances in subsistence technolegy corr
late rather strongly with the growth of political complexity

Consistent with this is the fact that preagricultural societies appear almost
never to have been organized as states; intensive agriculturalists, conversely,
had, as their most typical form of political organization, precisely the state.

As we see from Table 4.1, a certain degree of subsistence econorsi inten
fication is an absolutely necessary condition for the formatiacofmplex -
litical organization; however, even a very high level of subsistence ecomemy i
tensification is not a sufficient condition for the development of very complex
forms of political organization, such as the state and its alternatives

On the other hand, as we have seen in earlier chapters, the growth ief polit
cal complexity can be regarded in itself as one of the possible ways to increase
the carrying capacity

17 Or alternative forms of political organization of equivalent complexity level.

18 Or alternative forms of political organization of equivalent complexity level.

19 Or alternative forms of political organization of equivalent complexity level (on the forms of
political organization that are alternative to ¢tems and states see,g, Bondarenko 2001;
Kradin et al. 2000; Kradin 2001; Bondarenko and Korotayev 20@@22 Bondarenko, Grinin,
and Korotayev 2002; Grinin 2003; Grinat al.2004etc).
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In this regard it is remarkable that more politically complex societies tend to
have higher population density than societies with the same subsistenoe econ
my intensity, but with a simple political organization (=g, Table4.2).

Table 4.2. Correlation between Political Complexity and Population
Density (for societies with subsistence economy
based on intensive irrigated agriculture)

Political Complexity Index = Number of Political Inte-
gration Levels over Community

Population 0 1 2 3 >4 Total
Density (indepeml-| (simple | (complex| (simple | (complex

ent can- |chiefdoms)chiefdoms] state} |states/emi

munities) res)
< 1 person per
5 sq. miles ! ! 1 0 0 8
1-5 persons ps§
sq. mile 1 3 0 0 0 4
6-25 persons
per sq. mile 0 0 0 0 2 2
26-100persong
per sq. mile 2 0 0 ! 0 9
101-500 pe-
sons per sq. 1 1 1 1 1 5
mile
> 500 persons
per sg. mile 0 0 2 4 5 11
UYmoeo 5 5 4 6 8 28

NOTE Rho =+ 0.53 p=0,00002

Though a higher level of subsistence economy intensity does not necessarily
imply the presence of a radically more complex political organization, a radical
growth of political complexity is almost inevitably accompanied (at least in a
long-term perspective) by a radical increase in carrying cag3dityis appears

to explain, to a considerable degree, why warfare frequency correlateowith p
litical complexity more strongly than it does with subsistence economy
intensity Indeed, within the Lotka Volterra model the highest predator pep
lation will be observed if we increase the value of coefficlenihile simula-
neously decreasing coefficieBt (which in social reality would correspond to
the simultaneous growth of carrying capacity and decrease of warfare
"lethality"), see Diagram.16

20 |t seems necessary to stress again that these two variablesnaected with each other by a
mutual positive dynamic relationship; thus it appearbeidncorrect to define either of them as
independent, while considering the other as unequilyadependent.
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Diagram 4.16. Drift of the "Prey — Predator" System Center
with the Simultaneous Increase in Lotka — Volterra
Coefficient A Value from 0.5 to 3.0 and Decrease in
Coefficient B Value from 3.0 to 0.5

A=3.0
i B=0.5
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NOTE: The value of coefficient€ andD was taken as 1.0 for all three simulatiofke initial
values of prey and predator populations were also whrftr all three simulations

Subsistence economy intensification will be inevitably accompanied only by
carrying capacity growthi.e., by "increase in the value of coefficieAt),
whereas a radical increase in political complexity is almost inevitably aecomp
nied simultaneously both by carrying capacity growvith, (by "increase in the
value of coefficientA") and by decrease of warfare "lethality'e( by the "e-
crease of the value of coefficieBt); this appears to account for politicalnco
plexity's correlating more strongly with warfare frequency than does subsistence
economy intensity.

Throughout human history we observe a long-term trend towarddhe1)
growth of carrying capacity, closely associated with trends towards (2pser
in population density, and (3) growth of political complex#g we have seen
above, at least trends (1) and (3) should correlate with the growth afrevarf
frequency Thus, should we not expect that in the long-term perspective we
should also observe a rather strong correlation between population density and
warfare frequencyOf course we should.

However, in order to detect this correlation we should alter the unitnef co
parison and compare the mean values of population density and waefare fr
guency that are typical for societies with different levels of political complexity
(see Diagrard.17):
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Diagram 4.17. Correlation between Population Density
and Warfare Frequency,
for cultures with different levels of political complexity

5 1500 |
[}
©
: -
; Empires
1) |
c 1400 |
Q
3
g m States
S
.
o — Complex chiofdoms
© |
—
)
©
s
——
o .Simp.l'e chifefdoms
() 1000 |
=
S
. = Irdeperdent communities
]
g .00 —
T T T T T
200 300 [¥ui] S0 G0

Mean value of population density index

NOTE:r = + 0984, a = 0002 Sources and codes for the warfare frequency indexds
scribed in notes to Diagradh.1. The diagram's five points can be interpreted as rgugbrre-
sponding to the positions of the most typical singulantsgcenters) of military-demographig-c
cles for respective types of cultures

Thus, our hypothesis has been suppoiteikeed, the tightly interconnectedImi
lennial trends towards the development of subsistence technologies, growth of
political complexity, carrying capacity, and population deRSinere accoma-
nied by a pronounced increase in frequency of warfare (which was, incidentally,
the principal means through which the growth of political complexity was ta
ing place [seee.g, Carneiro 1970, 1981, 1987, 1991, 2000a, 2000b; Graber
1995etc]). This trend could finally result in such situations as that described,
for example, for Ancient Romevhere "the doors of the Janus Temple (tltat a
cording to the Roman traditions should have been kept open when the Roman
polity was in the state of war) remained open for more than 200 yearab€Kn
1983 80).

It appears necessary to stress that warfare frequency correlates positively
with population density only when technological growth fails, for a consiterab

2! For an interesting mathematical model describing the oektip between population density
and political complexity see Graber 1995.
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period, to raise carrying capacity as rapidly as population is growing. Adter th
carrying capacity starts growing substantially faster than population, the- dem
graphic growth is no longer accompanied by increase in population pressure,
and warfare, as described in a mathematical model presented at the end of this
chapter, begins to decline.

Thus, our research has confirmed that, notwithstanding recent arguments to
the contrary, population density was a major determinant of warfare frequency
in pre-industrial societies. However, the relationship between the two variables
is dynamic, and could only be adequately described by nonlinear dynaihic mo
els. Hence, we confront a rather paradoxical situation. On the one hanb; we o
serve a millennial trend leading to the growth of both population density and
warfare frequency. As a result, from a long-term perspective, we obseevg a
strong positive correlation between these two variables. But on the other hand,
we also observe secular demographic-warfare cycles, which produce negative
correlations both for individual cultures and for subsamples of cultures with
similar levels of technological and/or political developmea finally, if we
make a straightforward cross-cultural test of the linear relationship between the
two variables using a world-wide sample including cultures with all levels of
technological and political development, we do not find any significant eerrel
tion at all. However it appears that hiding behind this "non-correlation” is the
presence of an extremely strong and significant dynamic non-linear relationship.

Models of the type analyzed in the previous chapters could be usedas a b
sis for development of a new generation of models accounting botrefards
cycles” and "millennial trends”. In order to do this, we suggest altering som
basic assumptions of the earlier generations of demographic cycle models, sp
cifically, their assumptions that both the carrying capacity of land and the polity
size are constant. Carrying capacity, cultural complexity, and polity sizex-for e
ample, far from being constantieanothing less than the variables withopr
nounced trend dynamics that the new generation of models needs to account for.
Demographic cycle models account at present only for cyclical dynamics; the
new modeling should be able to interconnect trend with phase dynamics.

For example, there are both theoretical and empirical grounds to maintain
that the carrying capacity not only experienced a long-term upward hyiperbo
trend (as has been analyzed in detail in Korotayev, Malkov, and Khaltourina
2006, but also that the innovations contributing to this trend occurred fitpar
ular phases of demographic-political cycles. Incentives created by the relative
abundance of resources in the initial upward growth phases of agrarian state
demographic-political cycles tend to be insufficient to create the innovations
leading to the rise of the carrying capacity (these phases, however, were also
very important, since during them there were strong incentives for theainnov
tions that eventuated in the rise of the productivity of labor). Rather, aanov
tions raising the carrying capacity tended to occur during intermediate growth
phases before the demographic collapse phase. While such innovations usually
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acted only to delay demographic collapses, they secured the existence of a very
important upward trend, which could be accountedtibsome extent, as a by-
product of sociodemographic cycle dynamics.

Another trend is the one towards larger polity sizes (see Diagtdr@snd
4.19for West and East Asia).

Diagram 4.18. Growth Trend of Largest State/Empire
Territory Size (millions of square km) in West
Asian/Mesopotamia Centered System,

3000 BCE - 750 CE
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SOURCESTaagepera 1968; 1978a; 1978b; 1979; 1997
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Diagram 4.19. Growth Trend of Largest State/Empire
Territory (millions of square km) in the East Asian/China
Centered Regional System, 1900 BCE — 1850 CE

25

20

15

. )
 —— J}f\r;'f"“—i .

-2000 -1500 -1000 -500

1000 1500

SOURCESTaagepera 1968; 1978a; 1978b; 1979; 1997.

This trend seems to be accounted by the fact that infrastructures created by e
pires do not usually disappear entirely with the collapse of the systentsethat
ated them. Hence, new empires frequently do not have to build imperi infr
structures entirely anew and can rely to a considerable extent on preeristing i
frastructures, making it more likely that later empires wiligoow earlier ones.

It is revealing to compare the diagram above with the one depictingapopul
tion dynamics of China during the same period (see Diagraoy

Diagram 4.20. Chinese Population Dynamics (in millions),
400 BCE - 1850 CE

450
400 /
350
300
250 ’
200 I{
150

100 A / L
50 A 2N -

. —~Vv"Y .V Wl/"‘\./
-400 0 400 800 1200 1600

NOTE: The diagram reproduces estimates surveyed above in Chapter 2
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While comparing Diagras4.19 and4.20it is difficult not to notice a rather
close fit between demographic cycles and cycles of territorial nexpa
sion/contraction. We do not think this is a coincidence.

What theoretical expectations might we have for the relationship between
phases of these cycles? It has turned out that a considerable number of relevant
theoretical predictions can be generated by Turchin's demographic-fiscal model
(Turchin 2003 121-7), based on Goldstone (1991). Let us recollect the main
logic of this model, which can be outlined as follows

During the initial phase of a demographic cycle we observe relatively high
levels of per capita production and consumption, leading not only to relatively
high population growth rates, but also to relatively high rates of surplusgrodu
tion. As a resultduring this phase the population can afford paying taxds wit
out great problems, the taxes are quite easily collectable, and the population
growth is accompanied by growth of state revenues. During the intermediate
phase, the increasing overpopulation leads to decrease of per capita pnoductio
and consumption levels, it becomes more and more difficult to collect taxes,
and state revenues stop growing, whereas state expenditures grow due to the
growth of the population controlled by the state. As a result, during tlasep
the state starts experiencing considerable fiscal difficulty. During the final pre-
collapse phases the overpopulation leads to further decrease of per aapita pr
duction, the surplus production further decreases, and state revenues shrink,
whereas the state requires more and more resources to control the population
(which is still growing, though at lower and lower rates). Eventuallyltfaids
to state breakdown and demographic collapse, after which a new demographic
cycle begins

What kind of territorial expansion/contraction pattern would be generated
by such demographic-fiscal dynamics? During the initial phase state revenues
are high and continue to grow, making it possible for a state to suppyet lar
armies and to undertake active territorial expansion. Note that this is only valid
for unipolar regional systemge., systems with a single strong state. In finult
polar regional systems comprising a few equally strong states we canxenly e
pect that the composite states will try to undertake attempts at territorial-expa
sion. However, there are naturally no guarantees that the attempts of tacyy par
ular state will be successful. What is more, within a fairly balanced multipolar
system such attempts undertaken by a few states could result in a stalemate, as a
result of which none of the participant states would enjoy considerable territor
al gains.

During the intermediate phase the state starts experiencing fiscal problems,
its ability to support large and effective armies decreases. Thus, we have
grounds to expect that during this phase imperial territorial expansion will slow
down.

During the final pre-collapse phase state revenues considerably decrease,
which leads to a considerable decrease of the size and effectiveness of military
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forces supported by the state. Hence, we have grounds to expect thathiarin
phase imperial territorial expansion will stop. What is more, during this phase
the state territory is likely to start contracting.

To test these predictions we have used Taagapera's database on historical
dynamics of empire sizes (Taagepera 1968; 1978a; 1978b; 1979; 199&), as w
as Nefedov's (1999b, 1999d, 2000a, 2001b, 2003) and Ter¢pd03b) data
on population and consumption dynarnfits.

The first (and the least counterintuitive) prediction tested by us is that the
phases of relatively rapid population growth should correlate with phasds of re
atively rapid territorial expansion.

The test has supported this hypothetsis correlation has turned out to be in
the predicted direction, very strong, and significant beyond any doubbi{aee
gram4.21 and Tablel.3):

Diagram 4.21. Population Growth Rate x Territorial
Expansion/Aggressive External Warfare
(scatterplot with fitted Lowess line)

-5 0.0 5 1.0 1.5 2.0 2.5 3.0 3.5

Population Growth Rate

22 Note that in both cases we are not really dealirly asample, but rather with the general pep
lation of all cases, for which empirical data are avédélab
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Table 4.3. Population Growth Rate (direct and indirect evidence) x
Territorial Expansion/Aggressive External Warfare

Territorial Expansion/Aggressive External
Warfare
-1 0 1 2 3
(mostly| (almost| (rela- | (inter- | (rela- | Total
defen- | absent)| tively | med- | tively
sive low) ate) high)
war-
fare)
0 (stagnation) 3% 3
Population
Growth 1 (relatively low) | 3% 1% 2% 6
Rate (d-
rect and
indirect ev- |2 (intermediate) | 1% 1% 2% 1% 5
idence)
3 (relatively high) 13 8% 9
Total 7 1 3 3 9 23

NOTES: For all cases Tau-b = + 0.81, p < 0.00000000000000001Rho = +0.83,p =
0.00000002 For cases with direct evidence on population growth raté Ghinese) Tau-b =
+0.79,p < 0.0000000000000000Rho = + 0.87,p = .000003 For non-Chinese cases (Roman,
direct evidence; Babylonian, indirect evidena&) correlation coefficient can be computed due to
the small number of cases, but the contrastive periodhéoRbman and Babylonian cases are
consistent with the hypothesis.

Note, however, that for the direct test of this hypothesis we had to rely almost
exclusively on the Chinese data, as East Asia is the only region (and the only

2 Roman Empire 120 200 CE,Western Han 40 BCE 10 CE Eastern Han 105157 CE (R-
man type is used for cases for which direct evidenceasadle for both variables, anthlics
where evidence is indirect for one or both variables).

24 Babylonia 556- 539 BCE T'ang 733- 754, Ming 1450- 1620.

% Qing 1800- 1830.

26 Moghol Empire 1670 1690 Roman Empire 50 120 CE.

27 Sung 1006- 1066.

28 Ming 1410- 1450.

2 Moghol Empire 1620 1670 Western Han 110 40 BCE.

%0 Qing 1720- 1750.

31 Qing 1750- 1800.

32 Babylonia 605- 562 BCE, Moghol Empire 15601620 Roman Empire 40 BCE 50 CE,
Western Han 186 110 BCE, Eastern Han 57105 CE, T'ang 62% 733, Sung 966 1000,
Ming 1360- 1410.
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unipolar region) for which we have direct data on historical populationnayna
ics. On the other hand, it has proven possible to collect sufficient extra-Chinese
data to test our next hypothesis, namely, the one linking relative per capita co
sumption levels and territorial expansion/contraction. What are our theoretical
predictions in this case?

To start with, the demographic cycle models predict that the relatively fast
population growth should correlate with relatively high consumption levels. Our
empirical test of this assumption has confirmed its validity (see Diagragh
and Tablet.4):

Diagram 4.22. Relative Consumption Rate x Territorial
Expansion/Aggressive External Warfare
(scatterplot with fitted Lowess line)
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Table 4.4. Population Growth Rate (direct and indirect evidence) x
Relative Consumption Rate (direct and indirect evidence)

Relative Consumption Rate (direct and iné
rect evidence)
0 1 2 3 Total
(very |(relatively| (intermediate)|(relatively
low) low) high)
~ |o (stagnation) 238 13 3
Population
Growth 1 (relatively low) 6% 6
Rate (direct
and indi- |2 (intermediate) 1% 3% 1% 5
rect evi- 3 (relativel
dence relatvely 39 40
) high) 1 8 9
Total 2 8 4 9 23

For all cases Tau-b= +0.88, p <0.00000000000000001
Rho=+0.92, p=0.0000000009
For cases with direct evidence on population growth:rate
Tau-b=+0.85, p=0.000004
Rho=+0.92, p =0.0000000009

Against the background of our first test, this of course suggestsethatvely

high consumption levels should correlate positively with relatively rapidderrit

rial expansion. Note that as the consumption rates are usually measurgti throu
the real wages of unskilled workers (the amount of staple food an unskilled
worker could buy from daily wages), the operationalization of this hypothesis
may sound especially counterintuitivge claim that if we know the relativer

al wages of unskilled workers, at least in the center of a unipolar system, we can
predict with a very high degree of confidence whether the respective emypire e
perienced a relatively rapid expansion, expanded slowly, or contracted. In fact,
there is nothing mysterious in this relationship. Relatively high real wages imply

33 Roman Empire 120 200 CE Western Han 40 BCE 10 CE

34 Eastern Han 105 157 CE.

35 Babylonia 556- 539 BCE Roman Empire 50 120 CE,Moghol Empire 1670 169Q T'ang
733— 754, Ming 1450- 1620, Qing 1800- 1830.

36 Western Han 116 40 BCE

37 Moghol Empire 1620- 1670, Sung 1000- 1066, Ming 1410- 1450.

%8 Qing 1720— 1750.
39 Qing 1750- 1800.

40 Babylonia 605- 562 BCE Roman Empire 40 BCE 50 CE,Moghol Empire 1560 1620,
Western Han 186 110 BCE Eeastern Han 57105 CE, T'ang 627 733, Sung 966 1000,

Ming 1360- 1410.
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that labor is a scarce resource, hence, there is ho overpopulation; the- pop
tion, being well provided with resources, rapidly grows, producing lame
pluses; and the state has high and growing revenues with which to support a
large, effective army and to undertake rapid territorial expansion. On the other
hand, relatively low real wages imply that labor is overabundant, hence, there is
overpopulation; the population, beimgsufficiently provided with resources,
grows slowly, producing almost no surplus, and the state having kbwhaink-
ing revenues is unable to support a lagfective army and to undertake gra
id territorial expansion; indeed, it may fail even to organize adequate defense of
territories under its control.

The test has supported this hypotbethie correlation has turned out to be in
the predicted direction, very strong, and significant beyond any dadéDE-
gram4.23and Table4 5):

Diagram 4.23. Relative Consumption Rate x Territorial
Expansion/Aggressive External Warfare

-5

Relative Consumption Rate
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Table 4.5. Relative Consumption Rate (direct and indirect evidence) x
Territorial Expansion/Aggressive External Warfare

Territorial Expansion/Aggressive External
Warfare
1 0 1 2 3 To
| @- (rela- |(inter-| (rela- |tal
e tively | med- | tively
V\flz?g;’ee) ab- | low) | ate) | high)
sent)
0 (very low) 241 2
Relative 1 (relatively low) 4% 143 244 145 8
Consunp-
tion Rate
(direct and
indirect evi- |, (intermediate) 146 147 | 248 4
dence)
3relatively high 949 9
Total 7 1 3 3 9| 23

For all cases Tau-b=+0.83,p < 0.0000000000000000Rho= + 0.90,p = 0.00000001
For cases with direct evidence on population growth:rate

Tau-b= +0.85,p < 0.0000000000000001Rho= + 0.91,p = 0.00000002

For non-Chinese case$au-b= + 0.93,p < 0.0000000000000000Rho= + 0.96,p = 0.0001

The population of the core ar8as smallest during the initial phase of the d
mographic cycle and is highest during the final pre-collapse phase. This results

41 Roman Empire 120 200 CE Western Han 40BCE 10CE

42 Eastern Han 105 157 CE, Babylonia 556 539 BCE, T'ang 733 754, Ming 1450- 1620.

43 Qing 1800- 1830.

44 Roman Empire 50 120, Moghol Empire 1670 1690.

45 \Western Han 110 40 BCE.

46 Sung 1006- 1066.

47 Qing 1720- 1750.

8 Moghol Empire 1620- 1670, Qing 1750 1800.

4% Babylonia 605- 562 BCE, Roman Empire 40 BCE50 CE, Moghol Empire 15601620,
Western Han 186 110 BCE, Eeastern Han 57105 CE, T'ang 627 733, Sung 60— 1000,
Ming 1360— 1410, Qingl720- 1750.
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in another counterintuitive hypothesighe relatively higher the population of
the empire core area, the lower its expansion rate. Our empirical testphas su
ported this hypothesis too (see Diagré2v and Table .6):

Diagram 4.24. Core Area Population x Territorial
Expansion/Aggressive External Warfare
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Core Area Population (direct and indirect evidence)

1 - low in comparison with other phases of respective cycle
2 — intermediate in comparison with other phases of respective cycle

3 - high in comparison with other phases of respective cycle

50 The core area is defined here as the area of theatpality of a unipolar region before the start
of its expansion at the beginning of a political-derapgic cycle.
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Table 4.6. Correlation between Core Area Population
(direct and indirect evidence) and
Territorial Expansion/Aggressive External Warfare

Territorial Expansion/Aggressive Ex-
ternal Warfare
-1 0 1 2 3 To-
(mostly| (almost| (rela- | (inter- | (rela- tal
defen- |absent] tively | med- | tively
sive low) | ate) | high)
war-
fare)
1 (relatively low) 9%t 9
Core Area Popu- o o
lation (direct and | . 2 3 5
indirect evidence’ (intermediate)
3 (relatively high) 7 1% 1%¢ 9
Total 7 1 3 3 9 23

NOTE: Tau-b=- 0.94,p < 0.0000000000000000Rho= + 0.97,p = 0.00000000000001

Hence, these findings support a point made earlier, that the structure of mille
nial trends cannot be adequately understood without secular cycles being taken
into account. At a certain level of analysis, millennial trends appeaniotbel
byproducts of the demographic cycle mechanisms, which turn out to imatepo
certain trend-creating mechanisms. Demographic-political cycle models can
serve as a basis for the development and testing of models accounting not only
for secular cycles but also for millennial trends. In order to do thisuggest
altering the basic assumptions of earlier generations of demographic cygtle mo
els (such as that both the carrying capacity and the polity size are constant).

51 Babylonia 605- 562 BCE Roman Empire 40 BCE 50 CE,Moghol Empire 1560 162Q
Western Han 186 110 BCE, Eeastern Han 57105 CE, T'ang 627 733, Sung 966 1000,
Ming 1360— 1410, Qingl720— 1750.

52 Roman Empire 50 120 CE, Ming 1416 1450.

53 Moghol Empire 1620 1670 Western Han 110 40 BCE, Qing 1750 1800.

54 Babylonia 556- 539 BCE Roman Empire 120 200 CE, Western Han 40 BCELO CE, Eas
ern Han 105- 157 CE, T'ang 733 754, Sung 1008 1066, Ming 1456- 1620.

%5 Qing 1800- 1830.

%6 Moghol Empire 1670 1690



128 Chapter 4

These are variables with long-term trend dynamics in the rise of carrying capa
ity, cultural complexity, and empire sizes that the new generation of models
needs to account for.

An interesting mathematical model that describes both secular political-
demographic cycles and millennial growth trends has been proposed by Komlos
and Nefedov (Komlos and Nefedov 2002). However, note that irrespective of
all its merits it does not describe the hyperbolic trend analyzed in the first part
of our Introduction to Social Macrodynami¢&orotayev, Malkov, and Khait
urina 2006)

At the end of this chapter we would like to propose our own preliminary
model designed to describe both secular cycles and millennial trends. We have
developed it on the basis of our "secular cycle" model presented in the previous
chapter, basically by adding to it Kremer's equation of technological growth

d—T =aNT (0.8)
dt ’

whereT is the level of technologW is population, ané is average technolég
cally innovating productivity per person.

Let us remind you that actually Kremer uses here the following key pssum
tion of the Endogenous Technological Growth theory, which we have already
used above for the development of the first compact macromodel (Kuznets
1960; Grossman and Helpman 1991; Aghion and Howitt 1992, 1998; Simon
1977, 1981, 2000; Komlos and Nefedov 2002; Jones 1995, 2003¢et):

"High population spurs technological change because it increases therrafrplote-

tial inventors...%”. All else equal, each person's chance of inventing somethingds ind
pendent of population. Thus, in a larger population there will be propaly more
people lucky or smart enough to come up with new ideas" (Kren@s: 85), thus,
"the growth rate of technology is proportional to total population” (Kreme3:1682).

We also model the "Boserupian” effect (Boserup 1965). As was shgwn b
Boserup relative overpopulaticreates additional stimuli to generate and apply
carrying-capacityef-land-raising innovationsndeed, if land shortage is absent
such stimuli are relatively wealvhereas in conditions of relative overpagul
tion the introduction of such innovations becomes literally a "question of life
and death" for a major part of the population, and the intensity of trexagen

and diffusion of the carrying capacity enhancing innovations significamtly i
creases. In our model this effect is modeled in the following way

57 "This implication flows naturally from the nonrivalry of technology... The cost of inventing a
new technology is independent of the number of peaple use it. Thus, holding constant the
share of resources devoted to research, an increasputapon leads to an increase in teghn
logical change" (Kremer 199881).
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To1={ Ti+ 2aNT; if Food/N; < 1.2 MAFR, (4.3)
" T+ aNT, if Food/N; > 1.2 MAFR . (4.4)

The influence of technological growth on production is taken into account

through the introduction of multiplieT into (3.1), producing the following

equation

Harvest= Hy x random numér, x T,. (4.5)

Thus, in our "trend-cyclical" model, the per unit yield in yedepends not only
on the climatic conditions in year(simulated withrandom numbe), but also
on the level of subsistence technology achieved at this year.

The extension of model (3.2)-(3.4) with equations (4.3)-(dl&)s the y-
namics generated by the model in a very significant way (see Diagrams 4.25
27).

Diagram 4.25. Dynamics Generated by the Compact Trend-Cyclical
Model: population (black curve, persons)
and food reserves (grey curve, in MAFRs)
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NOTE: the diagram reproduces the results of a simulation Wwitfdllowing values of parameters
and initial conditionsNp = 50,000,000 peasant&ia = 100,000,000 units, it is assumed that one
unit producesynder average climatic conditions and initial technolaglevel (To = 1), one mifn
mum annual food ration (MAFR),e., an amount of food that is barely sufficient to suppore

58 Minimum annual food ration, an amount of food thaasely sufficient to support one person
for one year.
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person for one year, that idp = 1 MAFR per unit per yearandom numberange is between 0.85
and 1.15, thusdarvest (per unit yield in year) randomly assumes values in the range D.8b
1.15T MAFR per unit per yearf-o0odnn = 1 MAFR; Ry = 1000 banditsS = 0 MAFR; a = 0.04
MAFRY tax = 0.1 Gyt = 0.1; 5 = 0.03;rob = 0.000000001a (innovation productivity coeif
cient)= 0.000000000005.

This model describes not only cyclical, but also the hyperbolic trend dynamics.
Note that it also describes the lengthening of growth phases detectedpin Cha
ter 2 for historical population dynamics in China, which was not described by
our simple cyclical model. The mechanism that produces this lengthening in the
model (and apparently in reality) is as followse later cycles are characterized

by a higher technology, and, thus, higher carrying capacity and population
which, according to Kremer's technological development equation embedded
into our model, produces higher rates of technological (and, thusincacey
pacity) growth. Thus, with every new cycle it takes the population more and
more time to approach the carrying capacity ceiling to a critical extent; finally it
"fails" to do so, the technological growth rates begin to exceed systematically
the population growth rates, and population escapes from the "Malthusian trap"
(see Diagram 4.26)

Diagram 4.26. Dynamics Generated by the Compact Trend-Cyclical
Macromodel: per capita production, in MAFR

Per capita production, MAFRs
w

0 500 1000 1500

t, years




Secular Cycles and Millennial Trends 131

A numerical investigation of the effect of parameter values on the dynamics of
our model indicates that that the main parameters that affect the period of the
cycle are still the proportion of resources accumulated in counter-famine r
serves fax), peasant-bandit transformation raig,j§, and the magnitude ofiel
matic fluctuations ;). Longer cycles still obtain for higher valuestak and
lower values ofao,; and M, whereas the cycles' length becomes shorter with
lower tax, and highew,,; andM.. Thus we find again that the length of the ¢
cles would increase with the growth of the strength of counter-famine and law-
enforcement subsystems, and could be decreased by the increase in the magn
tude of climatic fluctuations. Of special importance is that our numericag-inve
tigation indicates that with shorter average period of cycles a systemesxperi
es a slower technological growth, and it takes a system longer to escape from
the "Malthusian trap" than with a longer average cycle period. The implications
of this finding will be studied in more detail in the subsequent volumerdhieu
troduction to Social Macrodynami¢korotayev and Khaltourina 2006).

Of special interest for us here are the internal warfare dynamics described by
the compact trend-cyclical model (see Diagram 4.27)

Diagram 4.27. Dynamics Generated by the Compact Trend-Cyclical
Macromodel: internal warfare intensity,
number of "peasants” killed by "bandits" per year
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As we see, the intensity of internal warfare observed during demograghic co
lapse phases tends to grow signifitanThe mechanism that generates tltis e
fect in the model is produced by the "preypredator" model logic whoseesl
ments are incorporated into the trend-cyclical modehigher population of
"peasants" can support a higher "bandit population" that in its turidwal

more "peasants”. On the other hand, note that the population's "escaybédro
Malthusian trap" leads to internal warfare's "extinction": the recurrent outbreaks
of internal warfare completely disappear.

Naturally, the trend-cyclical model describes historical dynamics in a more
accurate way when it is extended along the lines suggested in model (0.20)-
(0.14)-(0.21) (see Introduction) so that it can also describe the &ystim
drawal from the blow-up regime via the demographic transition. This is loipn
adding to the model an equation describing literacy dynamics

lisg =l +bxdF x| x (1-1), (4.6)

wherel; is the proportion of population that is literate in yealf; is per capita
surplus, and is a constant. Of course, equation J4s6simply a modified ve
sion of equation (0.21), substantiated in the Introduction, as well as inaKoro
yev, Malkov, and Khaltourina 2006 he influence of literacy on the dero-
graphic transition is expressed through the addition to (3.3) of the mul{plier
— 1), which results in equation (4:7)

Nisz=Ni x (1+ axdF)x (1-1)-dR-robx N; xR, . 4.7)

Typical dynamics generated by the resulting model is presented in Diagram
4.28

5% And other dimensions of the human capital level thahgtyocorrelate with literacy.
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Diagram 4.28. Dynamics Generated by the Extended Trend-Cyclical
Model: population (black curve, persons)
and food reserves (grey curve, MAFRs)
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NOTE: The diagram reproduces the results of a simulation Wetfdllowing values of parameters
and initial conditionsNo = 100,000,000 peasantyta = 150,000,000 units, it is assumed that one
unit produces under average climatic conditions artéhirniechnological levelTo = 1) one miit
mum annual food ration (MAFR),e.,, an amount of food that is barely sufficient to suppore
person for one year, that idg = 1 MAFR per unit per yearandom numberange is between €5
and 1.35, thu$arvest (per unit yield in year) randomly assumes values in the range D.&b

1.35T MAFR per unit per yearf-00dmin = 1 MAFR; Ry = 1000 banditsS = 0 MAFR; o = 0.04
= 0.03;rob = 0.0000000014a (innovation productivity coeff

MAFRY; tax = 0.1; Gy = 0.2 8
cient)= 0.0000000000069 (literacy growth coefficient) = 0.01

Of course, these models can be only regarded as first steps towards the deve
opment of effective models describing both secular cycles and millerpiial u

ward trend dynamics
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Let us start the conclusion with a brief consideration of the employment of
mathematical modeling in physics.

The dynamics of every physical body are influenced by a huge number of
factors. Modern physics abundantly evidences this. Even if we consateasu
simple case as a falling ball, we inevitably face such forces as gravitaton, fri
tion, electromagnetic forces, forces caused by pressure, by radiatianistty
ropy of medium and so on.

All these forces do have some effect on the motion of the considered body
It is a physical fact. Consequently in order to describe this motion we should
construct an equation involving all these factors. Only in this case may we
"guarantee” the "right" description. Moreover, even such an equation wduld no
be quite "right”, because we have not included those factors and forids wh
acually exist but have not been discovered yet.

It is evident that such a puristic approach and rush for precision legd to a
nosticism and nothing else. Fortunately, from the physical point of view, all the
processes have their characteristic time scales and their application conditions.
Even if there are a great number of significant factors we can sometimes neglect
all of them except the most evident one.

There are two main cases for simplification:

1. When a force caused layselected factor is much stronger than all the
other forces.

2. When a selected factor has a characteristic time scale which is adequate to
the scale of the considered process, while all the other factors have siggifican
different time scales

The first case seems to be clear. As for the second, it is substantidated by
Tikhonov theorem (1952). It states that if there is a system of threeeditfal
equations, and if the first variable is changing very quickly, the secondeshang
very slowly, and the third is changing with an acceptable characteristic time
scale, then we can discard the first and the second equations and pay attention
only to the third one. In this case the first equation must be solved asean alg

LIt is not necessary for those of the readers who hasadsiread the first part of olmtroduction
to Social MacrodynamicgKorotayev, Malkov, and Khaltourina 2006) to re&istconclusion
(except its last paragraphs), as it was originally iéehas a conclusion to both parts published
as a single monograph. However, our publishers haveddsist splitting this monograph into
two. Yet, this conclusion remains as relevantSecular Cycles and Millennial Trends it was
for Compact Macromodels of the World System Grotiths, it is reproduced at the end of this
book only with minor changes.
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braic equation (not as a differential one), and the second variable mugt-be ha
dled as a parameter.

Let us consider some extremely complicated process, for example; phot
synthesis. Within this process characteristic time scales (in seconds) aFe as fo
lows:

1. Light absorption: ~0.000000000000001.
2. Reaction of charge separation: 0.000000000001.

3. Electron transport: ~0.0000000001.

4. Carbon fixation: ~10.

5. Transport of nutrients: ~ 1amo0.

6. Plant growth: ~10006100000.

Such a spread in scales allows constructing rather simple and valid models for
each process without taking all the other processes into consideration. Each
time scale has its own laws and is described by equations that are limited by the
corresponding conditions. If the system exceeds the limits of respective scale,
its behavior will change, and the equations will also change. It is not a defect of
the description- it is just a transition from one regime to another.

For example, solid bodies can be described perfectly by solid body models
employing respective equations and sets of laws of motigy (he mechanics
of rigid bodies); but increasing the temperature will cause melting, and the same
body will be transformed into a liquid, which must be described by absolutely
different sets of lawse(g, hydrodynamics). Finally, the same body could be
transformed into a gas that obeys another set of kngs Boyle's lawetc)

It may look like a mystification that the same body may obey different laws
and be described by different equations when temperature changes stightly (
from 95°C to 105C)! But this is a fact. Moreover, from the microscopic point
of view, all these laws originate from microinteraction of molecules, whdeh r
mains the same for solid bodies, liquids, and gases. But from the peiatwo
of macroprocesses, macrobehavior is different and the respective equations are
also different. So there is nothing abnormal in the dynamics of a com@ex sy
tem could have phase transitions and sudden changes of regimes.

For every change in physics there are always limitations that modify the law
of change in the neighborhood of some limit. Examples of such limitations are
absolute zero of temperature and velocity of light. If temperature is high enough
or, respectively, velocity is small, then classical laws work perfectly, buni te
perature is close to absolute zero or velocity is close to the velocity of kght, b
havior may change incredibly. Such effects as superconductivity or space-time
distortion may be observed.

As for demographic growth, there are a number of limitations, eaclemf th
having its characteristic scales and applicability conditions. Analyzing the sy
tem we can define some of these limitations.
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Growth is limited by:
1. RESOURCE limitations:

1.1. Starvation- if there is no food (or other resources essential for vital
functions) there must be not growth, but collapse;
time scale ~ 041 year;
conditions: RESOURCE SHORTAGE.

This is a strong limitation and it works inevitably.

1.2. Technological technology may support a limited number of kvor
ers;
time scale ~ 10100 years;
conditions: TECHNOLOGY IS "LOWER" THAN POPULATION.

This is a relatively rapid process, which causes political-demographic cycles
discussed in this part of olmtroduction to Social Macrodynamics.

2. BIOLOGICAL

2.1. Birth rate- a woman cannot bear more than once a year;
time scale ~ 1 year;
condition: BIRTH RATE IS EXTREMELY HIGH.

This is a very strong limitation with a short time scale, so it will be the only
rule of growth if for any possible reasons the respective conditioth (faite is
extremely high) is observed.

2.2.  Pubescenceawoman cannot produce children until she is mature;
time scale ~ 130 years;
conditions: EARLY CHILD-BEARING.

This condition is less strong than 2.1., but in fact condition 2. arédyrdo-
served. For real demographic processes limitation 2.2. is more important than
2.1. because in most pre-modern societies women started giving birtoeery
after puberty.

3. SOCIAL
3.1. Infant mortality- mortality obviously decreases population growth;

time scale ~-15 years;
condition: LOW HEALTH PROTECTION.
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Short time scale; strong and actual limitation for pre-modern societies.

3.2.  Mobility — in preagrarian nomadic societies woman cannot have
many children, because this reduces mobility;
time scale: ~3 years;
condition: NOMADIC HUNTER-GATHERER WAY OF LIFE.

3.3. Education- education increases the "cost" of individya requires
many years of education making high procreation undesirable. High
human cost allows an educated person to stand on his own @conom
cally, even in old age, without the help of offspring. These limitations
reduce the birth rate;
time scale: ~2540 years;
condition: HIGHLY DEVELOPED EDUCATION SUBSYSTEM.

All these limitations are objective. But each of them is ACTUAL (that is it must
be included in equations) ONLY IF RESPECTIVE CONDITIONS ARE
OBSERVED.

If for any considered historical period several limitations are actual (under
their conditions) then, neglecting the others, equations for this period maust i
volve their implementation.

According to the Tikhonov theorem, the strongest factors are the ones ha
ing the shortest time scale. HOWEVER, factors wdttonger time scale may
"start working" under less severe requirements, making short-time-actbesf
not actual, but POTENTIAL.

Let us observe and analyze the following epochs:

I. pre-agrarian societies;

Il. agrarian societies;

lll. post-agrarian societies.

We shall use the following notation:

— atypical- means that the properties of the epoch make the conditions pract
cally impossible;

— actual- means that such conditions are observed, so this limitation is actual
and must be involved in implementation;

— potential- means that such conditions are not observed, but if some other li
itations are removed, this limitation may become actual.
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I. Pre-agrarian societies (limitation statuses):

1.1.— ACTUAL?
1.2.— ACTUAL?®
2.1.— potential
2.2.—- ACTUAL
3.1.- ACTUAL
3.2.- ACTUAL
3.3.— atypical
II. Agrarian societies (limitation statuses):
1.1.- ACTUAL
1.2.- ACTUAL
2.1.— potential
2.2.—- ACTUAL
3.1.- ACTUAL
3.2.— atypical
3.3.— potential
II1. Post-agrarian societies (limitation statuses):
1.1.- atypical
1.2.— potential/ACTUAL?
2.1.— potential
2.2.— potential
3.1.— atypical
3.2.— atypical
3.3.- ACTUAL

With our macromodels we only described agrarian and post-agrarian societies
(due to the lack of some necessary data for pre-agrarian societies). Actording
the Tikhonov theorem, to describe the DYNAMICS of the system we should
take the actual factor which has the LONGEST time-scale (it will repregent d
namics, while shorter scale factors will be involved as coefficiergslutions
of algebraic equations).

So epoch [ll] is characterized by 1.2, and [lll] by 3.3. ([Hl}0 involves
1.2, but for [Ill]] resource limitation 1.2 is much less essential, because-it co

2 Systematic (not occasional short-term) starvation is camsetbalance of technology and pop
lation, so 1.1. may be included in 1.2.

3 According to the Tikhonov theorem, we may negleetdhcillations of population (demographic
cycles), because their time scales are at least 10 tirogsrstinan the scale of the historicaliper
od which is taken into account.

4 Technology produces much more than is necessary for suséetan the growing living staia
ards also require more resources.
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cerns growing life standards, and not vitally important needs). Theisletim-
graphic transition is a process of transition from 11:[1.2] to IIB]3.

Limitation 3.3 at [lll] makes biological limitations unessential but potential
(possibly, in the future, limitation 3.3 could be reduced, for exampleyghr
the reduction of education time due to the introduction of advanced educational
technologies, thereby making [2.2] actual again; possibly cloning might make
[2.1] and [2.2] obsolete, so there would become apparent new limitations)

In conclusion, we want to note that hyperbolic growth is a feature which
corresponds to 11:[1.2]; there is no contradiction between hyperbolic gitwth
sdf and [2.1] or [2.2]. Hyperbolic agrarian growth never does reachvittie
rate, which is close to conditions of [2.1]. If it was so, hyperbola Wwiliausly
convert into an exponent, when birth-rate comes close to [2.1] (just dsgbhys
velocity may never exceed the velocity of lightand it would not be a wka
ness of the model, jusbmmon sense. It would be just [1.2] — [2.1, 2.2].

But actual dmographic transition [1.2] — [3.3] is more drastic than this
[1.2] — [2.1, 2.2]! [3.3] is reducing the birth-rate much more actively, and it
may seem strange: the system WAS MUCH CLOSER TO [2.1] and [2.2]
WHEN IT WAS GROWING SLOWER- during the epoch of [lI]! (This is not
nonsense, because slower growth was the reason of [2.1] apd [3.1

As for the "after-doomsday dynamics”, if there is no resource or spatial lim
tation (as well as [3.1]), then [2.1] and [2.2] will become actual. If treyalso
removed (through cloningtc), then there will appear new limitations.

But if we consider the solution of Gyt t) just formally, the after-doomsday
dynamics make no sense. But this is "nolmaist as temperature below abs
lute zero, or velocity above the velocity of light, makes no sense.

Thus, as we have seen, 999.78 per cent of all the variation in dem
graphic, economic and cultural macrodynamics of the world over the last two
millennia can be accounted for by very simple general models.

Actually, this could be regarded as a striking illustration of the fact well
known in complexity studies that chaotic dynamics at the microlevel can-ge
erate highly deterministic macrolevel behaviery( Chernavskij 2004).

To describe the behavior of a few dozen gas molecules in a closed vessel we
need very complex mathematical models, which will still be unable to predict
the long-run dynamics of such a system due to an inevitable irreducible chaotic
component. However, the behavior of zillions of gas molecules carebe d
scribed with extremely simple sets of equations, which are capable of predicting
almost perfectly the macrodynamics of all the basic parameters (andejust b
cause of chaotic behavior at the microlevel).

Our analysis suggests that a similar set of regularities is observed in-the h
man world too. To predict the demographic behavior of a concrete family we
would need extremely complex mathematical models, which would still predict
a very small fraction of actual variation due simply to inevitable irreducible
chaotic components. For systems including orders of magnitude higheersumb
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of people (cities, states, civilizations), we would need simpler mathematical
models having much higher predictive capacity. Against this background it is
hardly surprising to find that the simplest regularities accounting for extremely
large proportions of all the macrovariation can be found preciselyddatbest
possible social systemthe human world.

This, of course, suggests a novel approach to the formatageaferal tle-
ory of social macroevolution. The approach prevalent in social evolutionism is
based on the assumption that evolutionary regularities of simple systems are
significantly simpler than the ones characteristic of complex systems. A rather
logical outcome of this almost self-evident assumption is that one should first
study the evolutionary regularities of simple systems and only after undkrstan
ing them move to more complex orfe¥/e believe this misguided approach
helpedlead to an almost total disenchantment with the evolutionary approach in
the social sciences as a whdle.

In the first part outntroduction to Social Macrodynamiage tried to co-
sider the simple macroregularities of the long-term World System growth. In
this part we have tried to analyze more complex regularities of its dynamics on
shorter scales, as well as dynamics of its constituent parts paying spenial atte
tion to cyclical dynamics on a "secular" scale.

We have found that the structure of millennial trends cannot be adequately
understood without secular cycles being taken into consideration. At a certain
level of analysis millennial trends turn out to be a virtual byproduct of thie po
ical-demographic cycle mechanisms, which turn out to incorporate certain
trend-creating mechanisms. Demographic-political cycle models can serve as a
basis for the development and testing of models accounting not only féeirsecu
cycles but also for millennial trends. In order to do this, we suggest to ater th
basic assumptions of the earlier generations of political-demographic cycle
models (first of all, that subsistence technology and carrying capacity f lan
are constant). These are variables with long-term trend dynamics in the rise of
carrying capacity of land and sociocultural complexity that the new generation
of models needs to account for, which could provide a more accuratepdescri
tion of secular cyclical dynamics as well. We shall try to demonstrate this in the
next part of outntroduction to Social Macrodynamics

5 A major exception here is constituted by the world-systpproachd.g, Braudel 1973; Walle
stein 1974, 1987, 2004#rank 1990, 1993; Frank and Gills 1994; Chase-DurnthHeill 1997;
Denemarket al. 2000; Chase-Dunet al. 2003 Modelski 2003; Devezas and Modelski 2003;
Chase-Dunn and Anderson 20@8¢), but the research of world-system theorists has upwo no
yielded rather limited results, to a significant extdsgcause they avoided the use of standard
scientific methods and mostly remained on the level ofalezbnstructions (with a notable-e
ception of Devezas and Modelski [2003])

5 n fact, a similar fate would have stricken physiciéis few centuries ago they had decided that
there is no real thing such as gas, that gas is a mentstraction, and that one should start with
such a "simple" thing as a mathematical model of a fewfloeéing molecules in a closed sre
sel.
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An Empirical Test of
the Kuznets — Kremer Hypothesis

In 1993 Michael Kremer proposed the following equation for the description
the relationship between technological growth rate and population:

aT _pNT ©.8)
dt ’

whereT is technologyN is population, and is average innovating productivity
per person.

This hypothesiscan be formulated verbally in the following walye abs-
lute growth rate of technology at mometrns proportional, on the one hand, to
technological level achieved by this mom&and on the other hand, to pogul
tion size observed at this moment (that is, to the number of potential inventors)

This equation has already been used in a rather extensive way for the mat
ematical modeling of historical macroprocesses (Cohen 1995; Komlos and
Nefedov 2002; Tsirel 2004; Podlazov 2000, 2001, 2(IM43 Korotayev,
Malkov, and Khaltourina 2006tc), though, as far as we know, this hypothesis
has never been tested empirically, which makes the necessity to perform such a
test especially pressing.

To perform such a test we used the World System Technological [Pevelo
ment Index, which we calculated on the basis of HellemaBsnch database
(1988. In this database Hellemans and Bunch tried to record all the main i
ventions and discoveries that had been made by 988s We defined then-
dex's value for yearas the total number of important inventions and discove
ies made within the World System by this year

The overall dynamics of the World System Technological Development |
dex look as follows (see Diagram Al.1):

! As the basic idea underlying Kremer's equation wasu(td&oowledge) first expressed by Simon
Kuznets (1960), we shall denote the respective hypothedieauznets Kremer one.

2 The wider is the technological base, the more podisilifor new technological innav
tions/inventions it provides.

3 It appears necessary to mention that Andrey PodlazoBargki Tsirel arrived at this equation
quite independently from Kremer.



142 Appendix 1

Diagram A1.1. Technological Development Index
Dynamics (40000 BCE - 1970 CE)
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Note that this index shows a very strong correlation with the calibrated version
of the Technological Development Index calculated by Leonid Grinin (2006)
using a very different methodology (see Diagram Al.2):

Diagram A1.2. Correlation between the Technological Development In-
dex (T) and Calibrated Grinin Index (/) (40000 BCE - 1955 CE): scat-
terplot with a fitted regression line
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NOTE: R =0.978 R*=0.956p = 46 x 103,
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Quite predictably the Technological Development Index demonstrates-a pr
nounced long-term hyperbolic dynamics (see Diagram Al.3):

Diagram A1.3. Technological Development Index
Dynamics, 40000 BCE - 1960 CE:
correlation between predictions of simple
hyperbolic model and observed data

NOTES R = 0.996, R? = 0.992
p << 0.0001. Black markers correspc
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If the Kuznets- Kremer Hypothesis is tru¢hen the average number of imve
tions and discoveries made per year during period A should be pooabto

the product of the number of inventions made before this pesiodi the pop-
lation size (that is the number of potential inventors) observed by the beginnin
of this period

4 Indeed, there are sufficient grounds to suppose fivay the mid 18 century on, Bunch and
Hellemans tend to undercount more and more the inventiad discoveries made in ea€h r
spective yearThus, they definitely underestimate the growth of tetdgical innovation activity
in the second half of the T'@&entury, when, for example, in the US&140inventions registered
in the 1850s were succeeded by c. 440,000 inventegistered in the three subsequent decades
and the overall "rate of technological innovatiaew 7 times between 1860 and 1890" (Grinin
2003 145); yet Hellemans and Bunch (1989: 313) register for this period just a twofold-i
crease, which therefore appears to be an underréigistraven taking into consideration the fact
that this growth in the USA exceeded the one in alralbshe other countries of the world. This
underregistration appears to be accounted for maintgdiynical reason3he fact is that by the
mid 19" century Hellemans and Bunch confronted such a levieinaivation activity that even a
short description of all the important inventions and disdes made in a respective year started
to occupy more than 2 large-format pages that from this time on they had to omit more and
more important inventions and discoveries simply to avoédeixcessive growth of their volume
(which still runs to 700 large-format pages)

5 That is, Technological Development Index at the beigin of period A
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Our analysis of the HellemarsBunch database has produced the following
results (see Table Al.1 and Diagram A1.4

Table A1.1. Long-Term Demographic-Technological Dynamics

i Ti N NT dT dT/dt
(years) | (technological deve | (world (number of n- | (average number g
opment index num-| popub- ventions and | inventions and &
ber of importantn- |tion, mins discoveries | coveries made pe
ventions and disee | in yeari) made during th| year during the pe¥
eries made by yeay period begn- od beginning
ning in yeati) in yeari)
-4000( 10 3 30 3 0.0007
-2500( 13 3.34 43.42 10 0.00066
-1000( 23 4 92 40 0.008
-5000 63 5 315 10 0.01
-400Q 73 7 511 22 0.022
-3000 95 14 1330 35 0.035
-2000 130 27, 3510 41 0.041
-1000 171 50 8550 39 0.078,
-500 210 100 2100(¢ 100 0.33333]
-200 310 150 46500 47 0.235
0 357 170 6069(C 48 0.22857]
210 405 190 7695(C 12 0.06
410 417, 190 79230 12| 0.06
610 429 200 85800 14 0.07,
810 443 220 9746( 21 0.105
1010 464 265 12296( 11 0.122221
1100 475 320 15200( 18 0.18
1200 493 360 17748( 28 0.28
1300 521 360 18756( 24 0.24
1400 545 350 19075( 53 0.53
1500 598 425 25415( 141 1.41
1600 739 545 402755 305 3.05
1700 1044 610 63684( 249 4.98
1750 1293 720 93096( 476 9.52
1800 1769 900  159210( 690 13.8
1850 2459 1209 295080( 302 15.1
1870 2761 1300 358930( 556) 18.53337
1900 3317 1625 539012f 583 29.15
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i Ti N NT dT dT/dt
(years) | (technological deve| (world (number of n- | (average number @
opment index num-| popub- ventions and | inventions and &
ber of importantn- |(tion, mins discoveries | coveries made pe
ventions and disee | in yeari) made during th| year during the per
eries made by yeay period begi- od beginning
ning in year) in yeari)
1920 3900 1813  707070( 271 27.1
1930 4171 1987 828777} 330 33
1940 4501 2213 9960717 212 21.2
1950 4713 2555.3¢ 12043417 355 35.5
1960 5068 3039.671 1540504¢ 370 37
1970 5438 3708.071 2016448

NOTE: world population data are from Kremer 1993.

Diagram A1.4. Correlation between NT and Absolute
Technological Growth Rate (dT/d):
scatterplot in double logarithmic scale with
fitted regression line, 40000 BCE — 1970 CE
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As we see, our empirical test has provided unequivocal support for the Ku
nets— Kremer Hypothesis: the correlation has turned out to be in the pikdicte
direction, very strong and significant beyond any doubt. It sugtfestsara-

tion of NT accounts for more than 87% of the macrovariation of absolute tec

nological growth
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Compact Mathematical Models of the World
System Development and Macroperiodization of
the World System History

Compact mathematical models of the World System development (surveyed in
the Introduction) suggest the following macroperiodization of its history:
1. the era of hyperbolic growth, blow-up regime development (=I-'Ma
thusian-Kuznetsian" era)p to the 1960s 1970s
2. the era of the divergence from the blow-up regime (= "post-
Malthusian" era)
Within this context the 1960s1970scould be regarded as a transitional period
between the two eras
On the other hand, the blow-up regime development era can be subdivided
into two relatively independent epochs of hyperbolic growth (the OlderHype
bola and the Younger Hyperbola), the border between which appears to be
marked by the end of the Axial Age (for the notion of the Axial Age seg,
Jaspers 1953; Eisenstadt 1982, 1986; Gella8B)

Diagram A2.1. Technological Development In-
dex Dynamics (1500 BC — 1700 CE), logarithmic
scale

Note that the se
ond ("Younger") R-
perbola entirely ove
whelms  the first.
€00 Thus, at Diagram
0 Al.1 above the Axial
Age looks like merely
a small "bump" that
disrupts, in a slightly
a0 annoying way, thele
egant form of the la
=0 most perfect techor
logical growth hype
bola To see that the
1D-D1=DD - 1000 &N o A 1000 1500 00 Blg HyperbOIa co-

) sists of two smaller
ones we have to
"zoom in" at the Axial Age part of the Diagram (see Diagram A2.1).

T, technological development index (log.scale)

t, years
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Let us recollect, that in logarithmic scale a hyperbolic curve looks like an exp
nential one, which lets us see in a rather distinct way that the large hyperbola
actually consists of two smaller ones, with the exit from the first hyperlgsla b
ing accompanied by entering the second

Yet, are there sufficient grounds to consider the overall World Systém tec
nological dynamics before the end of the Axial Age as generally hypepbolic
The mathematical analysis suggests that the hyperbolic model deshdbes
dynamics in a rather accurate way (see Diagram A2.2):

Diagram A2.2. Technological Development Index Dynamics,
40000 BCE - 200 CE: correlation between predictions of
simple hyperbolic model and observed data

NOTES: R = 0.993
R? = 0.986,p << 0.0001. Blac
L markers correspond to our ie
mates made on the basis of
Hellemans— Bunch (988 dat-

350

300

20 base. The solid grey curve |
been generated by the followi
200 equation
~341303.1
150 = @@ .
' (950-1)
100 ParametersC (3413033) and to

(950 have been calculated wi
I — the least squares methoBor a
- predcted COMpArison, the best-fit expam«
0 ® osenveg il model gives here a signi
-40000 -30000 -20000 ~10000 0 cantly worse fit with the empiric
estimatesiZ= 0.785).

It is by no means easier to see that the macrocurve of the World Sygiem
bolic growth consists of two hyperbolas when we inspect an overall diagram
the world population growth (see Diagram A2.3):

Diagram A2.3. World Population Dynamics,
40000 BCE —1960 CE, millions

3000 —

2000

1000

o /

-40000 -35000 -30000 -25000 -20000 -15000 -10000 -5000 0 5000

t, years
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However, in this case too the "zooming in" at the "Axial Age bump" ia-log
rithmic scale detects two adjacent hyperbolic curves such that exit from the first
is accompanied by entering the second (see Diagram A2.4):

Diagram A2.4. World Population Dynamics (1900 BCE - 1100 CE),
millions, logarithmic scale

400

300

200

100 »
80
B0
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Bl »
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40 »

30 .

K, owearld population, millions (log.scale)

a0
90 400 -9m0 400 100 R0 100

£, years

The mathematical analysis confirms the overall hyperbolic pattern of the World
System demographic dynamics until the end of the Axial Age (see Diagram
A2.5):
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Diagram A2.5. World Population Dynamics (in millions),
5000 - 500 BCE: correlation between predictions of
simple hyperbolic model and empirical estimates

160

140+

120

100

80"

601

401
20" ,
~ predicted
0] ; ; ; ; ® observed
-5000 -4000 -3000 -2000 -1000 0

NOTES R = 0.998,R? = 0.996,p << 0.0001. Black markers correspond to Kremer's estinat
(1993) The grey solid curve has been generated by the folipeguation:

N, = 99674.642_1529.

© (400-1)

ParameterC (99674.642, to (400 and constant—(15,29) have been calculated with the least
squares method. For the peri#@000- 200BCE the correlation with the best-fit hyperbolic model
is a bit weaker RZ = 0990 with to = 275). For comparison, the best-fit exponential mdeee
givesR? = 0.459for the periodd0000- 200BCE andR? = 0.973for the period5000— 200 BCE.

As the world GDP up to 1973 grew in a quadratic-hyperbolic (rather than s

ple hyperbolic) way, it appears simply impossible to see two hyperboladi-in a
agram of its growth made on the basis of DeLong's (1999) estimates, d@asmu
as the Younger Hyperbola totally overshadows the Older one (see Diagram
A2.6):
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Diagram A2.6. World GDP Growth, 25000 BCE - 1973 CE,
billions of international 1990 dollars, PPP

16000
14000
12000
10000
8000
6000
4000
2000

0 ‘ ‘ ‘ ‘ :
-25000 -20000 -15000 -10000 -5000 0

However, even here an inspection of the diagram in logarithmic scale clearly
reveals the presence of two adjacent heterometric hyperbolas flowing into each
other around the end of the Axial Age (see Diagram A2.7):

Diagram A2.7. World GDP (G) Growth from 10000 BCE
to the second half of the 18" century, in billions of
international 1990 dollars, PPP, logarithmic scale

S00
400 -
00 o

200 =

100 o

S0 o
40 o

30 -
20 «

10 =

by Ly Bih
Loaa

] 1 o
-10000 -s000 -E000 -4000 -2000 o 2000
-9000 -Fooo -5000 -3000 -1000 1000

t. vears

Mathematical analysis of DeLong's estimates indicates that the ovenadheco
ic dynamics of the World System until the end of the Axial Age was quadratic-
hyperbolic (see Diagram A2.8):
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Diagram A2.8. World GDP Dynamics (in billions of
international 1990 dollars, PPP), 40000 — 500 BCE:
correlation between predictions of
quadratic-hyperbolic model and DelLong's estimates

55

501

451

40"

35"

301

251

20"

|
"~ observed

® predicted

-40000 -35000 -30000 -25000 -20000 -15000 -10000 -5000 0

NOTES R = 0.999,R? = 0.998,p << 0.0001. Black markers correspond to DeLont®99 est-
mates. The solid grey curve has been generated by theifig equation

~ 613036197
' (595-1)2
Parameterg’ (61303619.7yandty (595 have been calculated with the least squares method. For
the period40000- 200 BCE the correlation with the quadratic-hyperbolic elod a bit weaker

(R? = 0.86 with to = 1200). For comparison, the best-fit exponential rhbedee givesR? = 0.420
for the period40000— 200BCE andR? = 0.475 for the period0000- 500 BCE.

Two hyperbolic curves can also be traced in the dynamics of so important an
indicator as the population of the largest city of the World System (see Diagram
A2.9):
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Diagram A2.9. Dynamics of Population of the Largest Settlement of
the World System, in thousands, 3000 BCE - 1870 CE,
logarithmic scale
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The mathematical analysis confirms that the overall dynamics of the largest
World System settlement population were quadratic-hyperbolic up to the end of
the Axial Age (see Diagram A2.10):
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Diagram A2.10. Dynamics of Population of the Largest Settlement of
the World System, in thousands, 40000 — 200 BCE:
correlation between predictions of quadratic-
hyperbolic model and empirical estimates

500

400 4

300

200

100

o * predicted

0 P Py @ qbserved
-40000 -30000 -20000 -10000 0
-35000 -25000 -15000 -5000

t, years

NOTES R = 0.989,R? = 0.978,p << 0,0001. Black markers correspond to the estimat&odt
elski (2003) and Chandler4&7). The solid grey curve has been generated by tleviog equa-
tion:
5663773365

maxt = W
Parameterg” (56637733.86bandty (175 have beg calculated with the least squares method. For
comparison, the best-fit exponential model here gR?es0.8051
Taking into consideration what was mentioned in the Introduction, this suggests
that the overall dynamics of the growth of general sociocultural complexity of
the World System also followed a quadratic-hyperbolic pattern up to the end of
the Axial Age Note that for the "Younger Hyperbola" epoch we observe very
strong correlations between the population of the largest city of the Waid Sy
tem and such variables as its urbanization/percentage of urban population
(R=0.99;p < 0.001), overall urban populatioR € 0.98 p < 0001), world lit-
eracy R = 0,98 a<0,001) and overall literate populationR(= 0.99;
p <0.001)? If the proportions between the main indicators of the World System

! Note that this diagram suggests the question whethéOllder Hyperbola" does not consist i
self of two hyperbolic curves. At the moment we do not havécserit empirical data to answer
this question

2 Calculated on the basis of data sources described in natiegtams of this appendix and the
Introduction
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development are basically the same within the Older Hyperbola as they are
within the Younger Hyperbola, the quadratic-hyperbolic growth of the largest
World System settlement population could be regarded as an indirect indicator
of the fact that up to the end of the Axial Age the World System development
was characterized by hyperbolic trends of urbanization and literacy growth, as
well ag, by quadratic-hyperbolic trends of the growth of urban and literate pop
lation.

An interesting mathematical model developed by Robert Graber (1995) su
gests that in the long run the hyperbolic growth of population in a limited area
should be accompanied by the hyperbolic growth of an average territorial size
of this zone's polities. Against this background it is hardly surprisifigd that
the hyperbolic growth of the World System population up to the end éfthe
al Age was accompanied by the hyperbolic growth of the largest World System
polity, especially pronounced before 500 BCE (see Diagram Al1.11)

Diagram A2.11. The Size of the Largest Polity of the World System
Dynamics (in millions km?), 10000 — 500 BCE:
correlation between predictions of hyperbolic model
and Taagapera's estimates

9
1
—
© observed
o] ® predicted

-10000 -8000 -6000 -4000 -2000 o]
NOTES R = 0.%2, R? = 0.96, p << 0.0001. Black markers correspond to Taagapera's (1968,
1978a, 1978b, 1979, 1997) estimates. The solid greyecwae been generated by the following
equation

 250.462
' (-458-1)

Parameterg’ (250.462 andtp (— 458) has been calculated with the least squares methodoifeer ¢
parison, the best-fit exponential model here giRés= 0.858. Note that for the perioddA00—

3 Of course, this statement needs an independent empérstahat appears impossible at the-m
ment due to the lack of respective empirical quantgadata Note that we cannot use here even
the data (which we used above in the Introductienflynamics of urban population living intci
ies with > 250,000 inhabitants, as such cities only appepeifically in the Axial Age
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176 BCE the correlation with the hyperbolic model is suttzdly weaker R2 = 0.906 withto =
15), and is not significantly different from a best-fit exgntial model.

It appears relevant to pay attention to which dates weafgatitical time ()

for the "Older Hyperbolas" (see notes to Diagrams A2.2, 5, 8, and i@%e
dates are as follow850 CE for technology, 400 CE for population, 595 CE for
GDP, 175 CE for the population of the largest,citgyd 15 CE for the largest
polity size In other words, if the hyperbolic trends of the World System ldeve
opment observed up to the end of the Axial Age had continued furttdoja
few centuries, already in theé' illennium CE all the main indicators of the
World System development would have become infidités very clear that
such a scenario was impossible by defamitiThus, in any case the hyperbolic
regime of the World System growth observed up to the end of the Ax&al Ag
could not continue further for any significant period of time, and wasdtu
change within a few centuries (as its continuation would have involved buch a
solutely impossible things as,g, the growth of the largest city up to 57-bi
lion* by 174 CE and its departure to infinity the following ye&md, indeed,
after the end of the Axial Age the World System diverges from the blom-up
gime. The hyperbolic World System dynamics change to logistic for aisignif
cant period of time, which resembles the present-day macroepoch. B&-this r
semblance is very superfluous indeed

As was mentioned in the Introduction, in the present epoch the divergence
from the blow-up regime takes place against the background of a rapidy risin
standard of living ér most inhabitants of the world and is caused by this very
growth, which, for example, allows educat#bhevel to rise to such an extent
that it causes fertility decline (and thus the transition of the World System pop
lation growth pattern from hyperbolic to logistic), on the one hand; artie
other hand, it brings world literacy ever more rapidly to the saturation level (and
with the same resuit the transition from hyperbolic to logistic dynamics).

During "the First Transitional Epoch", divergence from the blow-up regime
took place in just the opposite waythrough the decline (frequently down to
negative values) of economic growth rates and, consequently, declining living
standards for most of the World System population; rising mortality; and d
cline (frequently down to negative values) of the rates of literacy and uabaniz
tion growth, notwithstanding the fact that both of them were very far fram
saturation level.

As has been already mentioned, the divergence from the "Older Hyperbola"
was at the same time tantamount to entering the new, "Younger Hyperbola". It
is important to stress that this process was by no means a mere reteroltb th
hyperbolic trajectory; rather, it was a radical change of hyperbolic grawth r
gimes that accompanied the radical transformation of the World Systemlitself
may be said in a somewhat metaphoric way that the World System could not
stand the fast acceleration of the hyperbolic growth regime that it experienced
for a few thousand years after the start of the Agrarian Revolution; eemdbedf
Axial Age it moved to a new regime of a smoother, but more stable hyperbolic
acceleration.

4 See equation in the note to Diagram A1.10.



Macroperiodization of the World System History 157

This can be seen rather clearly if we inspect the dynamics of the faegsnd
of World System development for which we have very long-term estimates at
our disposal (except the largest polity 8jzén double logarithmic scale (see
Diagram A2.1215):

Diagrams A2.12-15. Long-Term Dynamics of the Main Indicators of
the World System Development,
double logarithmic scale

A2.12. World population (till 1960) A2.13. World GDP (till 1960)
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A2.14. The largest settlement
population (until 1950)

A2.15 Technological development
index (until the late 19" century)
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NOTE: the black round marker denotes data point corresponding00 BCE, that is, roughly the
end of the Axial Age

5In the post-Axial era, the hyperbolic growth trefnd largest polity size within the World System
seems to disappear (see Taagapera 1968, 1978a, 1978p1297), which testifies additionally
for a qualitative difference between the Older diodnger Hyperbolas.
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Let us recollect that in double logarithmic scale a hyperbola looks like a straight
line, with a steeper slope of this line corresponding to a higher rate oblper

ic accelerationThus, the dynamics of all four of the indicators for which we
have very long-term quantitative empirical estimates suggest the same picture:
transition from a regime of relatively more rapid hyperbolic acceleration that
was typical for the World System's development before the end of the Axial
Age to a regime of slower (but apparently more stable) "post-Axial" hgperb
accelerationThus, the "Big Hyperbola" of the World System's development
breaks up into two "Small Hyperbolas'the "Oldel and "Younger" ones

that differ from each other in their basic characteristics.

The fact that we are dealing here with two different regimes of hyperbolic
growth could be seen, for example, through the comparison of valgesf®f
cientb (from Kremer's technological growth equation [0.8]), which is intérpre
ed by Kremer himself as "research productivity per person” (Kremer 6883:

(see Diagram A2.1)6

Diagram A2.16. Dynamics of Per Capita Invention Productivity
Coefficient (logarithmic scale)
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NOTE: calculated on the basis of Table A1.1

As has been already noted above, the values of this coefficient seemrto be u
derestimated for the post-1850 period; however, even taking this poicbmto
sideration, the radical difference between the "Older" and "Younger" hyperb
las is rather evidert.

6 Of course, the supposition that per capita invenpiaductivity of the Modern World System
could be substantially lower than the one of the lftgolor Chalcolithic World System may look
totally implausible, as modern technological growtle riatso evidently and radically faster than
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A detailed consideration of the concrete causes and mechanisms of the
World Systerts divergence from the blow-up regime in the post-Axial period, a
significant slow-down of the speed of World System development,ttzand
change of hyperbolic growth regimes lies beyond the scope of this mohograp
Here we shall restrict ourselves to an attempt to trace just a few possible ways
to address this question (note that they are not mutually exclusive):

1) The growth of the World System population by the end of theiillen-
nium BCE up to 9-digit numbers produced a breeding ground thao lex &
most inevitable appearance of a new generation of more lethal and epidemically
destructive pathogens that could not reproduce themselves in smallea-popul
tions (Diamond 1999: 205; Korotayev, Malkov, and Khaltourina 2005: 105
13), whereas the level of health care technologies achieved by the Ward Sy
tem by the beginning of theimillennium CE turned out to be totally ired
guate for the radically increased level of pathogen threat. Thus, the Antonine
and Justinian's pandemics led to global depopulations of"frend@ &' cent-
ries, contributing in a very significant way to the slow down of the W8y
tem demographic growth in thé' millennium CE. Note that due to this, since
the early ¥ millennium CE the role of health care technologies as a determinant
of the carrying capacity of the Earth dramatically increases, which at least partly
accounts for the change of the hyperbolic growth regime.

2) Some hint here seems to be suggested by mathematical models (0.11)-
(0.13)-(0.12 and (0.13)40.14) described in the Introductioiccording to
these models any long-term decrease of per capita suflowuét lead to the
decrease of population growth rates and, hence, the slow-down of tegbalblo
growth In the meantime, by the end of the Axial Age we seem to observe a
World System trend towards the decline of precisely this indicatus was
connected not with decline of production, but rather with the growth, ahe
per capita product that is necessary for the population reproduction with zero
growth rate, the "minimum necessary product” (MNIR)the ' millennium
BCE the rapid population growth sustained the hyperbolic growth of time co
plexity of sociopolitical infrastructures (on the other hand, of course, the-hyp

it was in the NeolithicHowever, it appears necessary to take into considerttmract that
modern technological progress is being achieved witbrdarsef-magnitude higher number of
potential inventors, and on an ordefsmagnitude wider technological bage the meantime, an
ordersef-magnitude smaller population of the pre-Axial World 8ysthat had at its disposal an
ordersef-magnitude less developed technology managed to make amgamember of the
most fundamental inventions and technological innowatithat formed the backbone of the
modern technology suffice to mention the domestication of wheat, bartattle, sheep and
goats, development of technologies of ceramic and ¢eptidduction, copper, bronze, and later
iron metallurgy and metal work, invention of whedbwp, writing, money, credit, taxation, fo
mal education and so on. It appears difficult to prexadsimple answer to the question on poss
ble causes of the sharp decrease of per capita inmguaoluctivity after the Axial Age. Could it
not have some connection with the Axial Age transifimm pre-Axial "sympractical" (Roax
nov 199) thinking to the transcendentally oriented one (Eisehdt®82)? Note that, though this
transition involved a minority of population, this wastjthe most creative minority
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bolic population growth was also sustained by a hyperbolic growth of saciop
litical complexity— once more we are dealing here with the positive feedback
phenomenon). However, the radical increase in sociopolitical complexity meant
a radical increase in the MNRs the substantial expenses necessary for the
normal functioning of these sociopolitical infrastructures should be regarded, in
this context, as a part of the minimum necessary product (rather trgan as
plus). Indeed by the end of the *imillennium BCE the World System popul

tion reached 9-digit numbersimply reproducing (at zero growth ratg) huge

a population required maintenance of normal functioning of all those infcastru
tures (transportation, judicial, administrative and other such subsystents). Wit
in such a context, if the product produced this year by a peasant isufiizly
cient to secure the survival of himself and his household, but not suffioien
pay any taxes, it is impossible to say that this peasant has produced thig year th
minimum necessary product. In fact, what he has produced this yeaalisrsm
than the MNP Indeed, as the experience of post-Axial centuries showed on
numerous occasions, in supercomplex agrarian societies the decrease of per
cgpita production (usually as a result of relative overpopulation) down to a level
that does not allow the population to pay taxes led to the disintegrationi-of soc
opoltical infrastructures and demographic collapse (see Chaptdratove).
There are grounds to maintain that the rapid growth of the MNP in®thal-1
lennium BC exceeded the growth of the equilibrium per capita production,
which resulted in the long-term decrease of &and, hence, the decrease of
the World System population growth raté€n the other hand, it led to the-d
crease of sociopolitical system stability, and, hence, to the increase m-the i
portance of the role of cyclical and chaotic components of the macrohistorical
dynamics in comparison with the trend component. Note, however, that this
point can account only for the decrease of the speed of technologic#h goew
celeration; itcannot explain the decrease the absolute rates of technological
growth apparently observed in th&illennium CE.

3) The point that the change of the hyperbolic growth regime took place a
ter the political centralization of the World System had reached, at hyperbolical
speed, a critical level (by the end of tiécentury CE the absolute majority of
the World System inhabitants found themselves under the control of just four
polities— the Roman, Parthian, Kushana, and Han empires) does not appear ¢
incidental, in light of some additional consideratiofise precipitous growth of
the World System political centralization observed in tfemillennium BCE
(Taagapera 1968, 1978a, 1978b, 1979, 1997) was propelled, amtiusg
things, by the diffusion and development of iron metallurgy, which nbt o
raised substantially the carrying capacity of the Earth but also led to thle deve
opment of mass production of relatively cheap but effective weapons; and these
allowed the formation of mass armies, which were in their turn a necessary co
dition for empire formation. However, those processes had importantfside e
fects Politically centralized systems frequently achieve military superiority
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through the development of specialized military subsystems with relatively
small but well trained and armed professional armies. However, a necessary
condition of the continuation of such superiority is normally the monopady
certain effective weapons (chariots, bronze aeta3. If a certain revolution in

the production of the means of violence leads to the appearance of setne eff
tive weapons the monopoly over which could not be effectively maintagngd (
iron arms), less politically-centralized societies with a higher military paaticip
tion ratio then acquire considerable advantages, and could become militarily
stronger than more politically centralized ones (which appears to have taken
place in many parts of the Old World Oikumene in the early Iron Age,eor th
Late Antiquity). In addition to that, less politicalgentralized societies witla

high military participation ratio could increase significantly their military-eff
ciency, without any considerable increase in their political centralizatiom or i
ternal differentiation €.g. through nomadization), by increasing specialization

in animal husbandry, inasmuch as the routine economic activity and smcializ
tion of a herder tends to produce a warrior (seg, Irons 2004). The full-scale
nomadic economy (employing extensive use of the mounts) would increase th
military potential of such societies in an especially significant way without any
corresponding significant increase in the degree of their political centralization
and functional differentiation. What seems important in this context is that the
technological developments of thé& millennium BCE eventually led to the
military strengthening of the barbarian periphery in general and of the nomadic
systems in particular. It seems possible to argue that for many centuries afte
wards (that is, for most of the Younger Hyperbola epoch), the Worlgr8ys
experienced a phase of its technological development during which the nomads
had a systematic military advantage over sedentary systems (an advantage e
hanced by the invention and rapid diffusion of stirrups and sabersjotiaib-

uted in the most significant way to the slow-down of the World Sysieopls

lation growth in the post-Axial millennium. Note that this is to a very conside
able extent accounted for precisely by a series of barbarian invasions, which
produced depopulations in all the parts of the world system. Noteetlgat,
Western European population managed to grow over theedtury CE level

only after the end of barbarian invasions (&g, McEvedy and Jones 1978).
Indeed, duringhis period the pressure of the barbarian peripheries in general
(and nomadic ones in particular) seems to have been, along with epidemics, an
extremely important factor checking the World System's population growth.
What was important was not just that the barbarian invasions led to significant
depopulations (like the 3century Mongolian invasions); what was perhaps
more important yet is that the pressure of the barbarian (and especralig-no

ic) peripheries systematically lowered the carrying capacity of land in many
parts of the World System. For example, the "Black Soil" area of Southern Ru
sia and Ukraine (which since ti&" century produced most marketable food
within the Russian Empire/lUSSR) was known for most of tHenflllennium
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CE as the "Wild Field" becauskr most of this millennium, most of the land in
this area remained uncultivated due precisely to the nomadic threae.@ee,
Turchin 2005b).

Thus, the analysis of the World Systeimstory against the background of
mathematical models of its development confirms the fundamental correctness
of Karl Jaspers' (1953) suggestion to consider the Axial Age (the exgressiv
tion of which was introduced just by Jaspers) as a sort of central milés&tne
divides the World System history into two comparable parts.

Note that the available periodizations of the World System's hiséogy (
Shofman 1984; Gellner 1988jiakonov 1994; Goudsblom 1996; Green 1992,
1995; McNeill 1995; Rozov 2001) have failed to capture the complex character
of the hyperbola of the World System's development, the precipitous acceler
tion by the end of the Axial Age, a radical slow-down during the subsepeen
riod, the change of regimes of hyperbolic growth, and, finally, the cudient
vergence from the blow-up regime. Karl Jaspers' work suggests pogsible a
proaches to the development of more adequate periodizations, whicle-still r
mains a task for the future.
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