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1. Introduction

Differences among people (and among peoples) in talents, strendtintteer
capacities are seemingly minor by comparison with the often-olosefast and historically
persistent between-group and individual differences in economic feytteproductive
success, status, rights, and power. The same may be said of many non-honmates amd
other animalsWhat processes translate seemingly small differences in individualitepac
into social hierarchies characterized by large and persistent differences issattcealued
resources and power over others

The structures of social interactions associated with timespialities exhibit
substantial differences across societies and through time. ldcdweleunequal bargaining
power in competitive markets, the use of state power to advance grengsis, bonded labor
and other forms of coercive resource transfers, racial and etkcligsion, hierarchically
ordered or assortative mating systems and other forms afjeassortation, and many others.
Do these processes share a common causal structure? Carolitemary success of
hierarchically ordered societies in the past 10 millennia bedraca common underlying
dynamic?

Analogously, what accounts for the limited inequality and muted hlerataserved
in many societies? The proximate causal processes that redguaality in these societies are
seemingly unrelated across time and among different societiegxemple reproductive
leveling, the formation of coalitions of subordinates to limit plogver of dominants, the
sharing of some foods and information and other forms of within-group varieghgetion
were probably common among our forager-ancestors as they are famageys today. But
these processes appear to have little in common with the extension af patitical rights
to all citizens and the enlargement of these rights to ckswurces, as in modern-day social
democracies. Do these processes have common elements? Why hagaktaclan societies
emerged and persisted over long periods?

Answering these questions requires an account of the dynamics afchieal
structures. What accounts for major transitions between econbn@galitarian and more
unequal social orders such as occurred with the emergence of pms$essd property rights
and private storage of wealth associated with the domesticajtemd$ and animals, or with
the demise of Communist-ruled societies in the former Soviet Unidizastern Europe, or
the market reform of the Chinese economy?

Correspondingly, are there common processes underlying movement toor@d m
equal outcomes such as the dramatic reduction in the income sheegasiy rich over most



of the 20" century in countries as diverse as the U.S., India, France, and t{Rike#ty and
Saez (2003)). Are the causes underlying these trends alewlkain the mid- to late-20
century land reforms in Taiwan, Korea, and West Bengal (Fei,sRand Kuo (1979),
Banerjee, Gertler, and Ghatak (2002)). Do these episodes have anyttungmon with the
processes that have on occasion reigned in the political, juridicial, sod sexual privileges
associated with wealth? Examples include the emergence wpftrigirin some European
judicial systems, rights to privacy and civil liberties, theoactability of political leaders to
inclusive electorates, and what has been called by Herlihy apiéti@-Zuber (1985) "the
great social achievement of the early Middle Ages" in Europeglydithe imposition of the
same rules of sexual and domestic conduct on both rich and poor.”

| assume that the types of social relationships referred toigagheas unequal and
hierarchical have enough in common that it makes sense to atteamptreon explanation of
the entire suite of vertically ordered relationships. The masisiille justification of this
assumption is that many of the distinct dimensions along which inggsaheasured are
causally related in ways that insure that wealth, reproductivessicpolitical influence and
so on are highly correlated. We know this to be untrue in numerousgsetiom the
substantial political authority exercised by Mae Enga big méo wo not enjoy
correspondingly disproportional material resources (Wiessmerumu (1998), see also Kelly
(1993)) to the reverse situation characterizing the extraordiniahlgwedish economic elite,
to the many modern populations in which wealth and reproductive suceasscarrelated
(Kaplan, Lancaster, Block, and Johnson (1995)). But even where the dimensioothaghly
correlated, the causes contributing to dispersion along one dimension mayldetsithe
causes generating differences along another. Accounting for reprodiketivén an agrarian
kingdom, for example, may draw upon the some of the same causal rsathtrat account
for the concentration of political power in a big man social system, or weatfhaliy in a
capitalist economy.

| also assume that neither genetically transmitted individéfareinces in capacities
nor genetically transmitted predispositions toward social dominanbesrarchical living
provide an adequate explanation of the inequalities under study. Thatgiifietences
among people cannot explain observed differences in command over nmasenates and
other valued goods is suggested by three sets of facts.

First, substantial alterations of hierarchical and economicallyuaistructures often
take place at a pace fare exceeding that of genetic evolUi@most dramatic of these
changes is the emergence of hierarchically ordered statelseadidplacement of egalitarian
foraging bands following the domestication of plants and animals alnautltennia ago (e.g.
Allen (1997).) There are plentiful modern examples as well (sortieof mentioned above)
including the dramatic increase in income inequality following tber&l reforms of the
Chinese economy (Ravallion and Chen (2004).)



Second, the genetic variance between the ancestral sub-populations of thefpeople
the world isan order of magnitudiess than the genetic variance among individuals within
groups; but something like three quarters or more of global incomealiy is between
rather than within these groups.

Third, while there may be a non-trivial role for geneticallynsraitted traits in
explaining income differences within national economies, the evidenuat very robust
(Bowles and Gintis (2002)), and the effects are not large. For&atine correlation among
the logarithm of the wages of brothers in the U.S. exceeds onatalgting that more than
half of the variance in this measure of economic successasiass! with influences that
brothers have in common, such as family educational and economic stdtosnanunity of
upbringing. Virtually none of this correlation is explained by one efibst measured and
(genetically) heritable determinants of wages: height (Mazumder (2004).)

An important role of genetically transmitted predispositions tdevdominance and
subordination cannot be excluded, but the counter evidence is substantial. Idharangith
our closest genetic relatives (chimpanzees and bonobos) a suitair@eredominance
behaviors suggesting a strong aversion to being bossed (Boehm (2884 me non-human
primates appear to exhibit forms of inequality aversion in laborat@griments (BBrosnan
and De Waal (2003)). Moreover, among humans (including those in foraging gralipher
small scale societies), experimental and other evidence ssigigasimany (perhaps most)
humans are motivated by some form of inequality aversion and stoyoigpodty (Falk, Fehr,
and Fischbacher (2003), Henrich, Boyd, Bowles, Fehr, and Gintis (2004)).

The pages that follow identify a series of causal mechanismsistent with the
familiar idea that the degree of hierarchy and inequalitypiopaulation is an outcome of the
technologies available for producing the livelihoods of its membersepndducing life and
the social institutions governing these processes of produatimeproduction. The approach
is evolutionary in that it studies inequality and hierarchy in an@#pldynamic framework,
asking why plausible evolutionary processes might favor the longpnsistence of more or
less unequal outcomes.

In the next section | survey the formidable processes tendiggnierate persistent
income polarization (or even runaway inequality), raising the questigndo we nonetheless
observe substantially egalitarian and non hierarchical systeowason human forms of

! Rosenberg, Pritchard, Weber, Cann, Kidd, Zhivotovsky, and Feldman (2002). About
three quarters of the global inequality in income is between cear(tiepending on which
inequality measure one uses (Milanovic (2005)), from which it majydaé inferred that not
less than this amount is between the (for the most part snmabbeips used in the Rosenberg
et al study.



social organization?. Section 3 develops the idea that within-group leveling malgudent

to a group’s ability to survive environmental challenges and intergammupetition. Section

4 explains why highly unequal conventions may not be evolutionarily robust by comparison
to less unequal conventions. The final section is a speculation about ityaqlaé very long

run and how the evolutionary processes accounting for it might be modeled.

2. Cumulative Advantagé&chnology, social interactiormsd runaway inequality

The persistence of a particular configuration of inequality is contyrexplained by
its status as an asymptotically stable equilibrium in somaesglle dynamical system.
Dynamical systems typically support high and or increasing leve@igquality when they are
characterized by cumulative advantage, that is, when small advaatages time contribute
to greater advantages at later periods. The positive feedbackenir@bute to cumulative
advantage may result from winner- take-all reward systaekesturnament based pay, or
mating systems with high male reproductive skew, as with goyilesitive assortation and
other advantageous sorting opportunities in marriage, coalition formagsitkence, and co-
production, and increasing returns to scale in production, coercion, and otlesspsodVhen
these and other aspects of cumulative advantage are operativandivaual differences
occurring by chance are magnified and may become persistent over long periods.

To explore this idea, suppose that an individual’'s income-generasats §a/ealth,
skills, and so on) are acquired directly from parents (consideradimgle individual) and
from randomly selected others in the population (in the form, say, of&mpess to common
resources, knowledge, public education and such). We summarize theséiuamces on
one’s income by expressing the expected income of individual ;a8 ¢(18)y, where
income is measured in natural logarithfs,(0,1), and y is the income level of individual
I's parent and ys the average income level (assumed to be the same acresstigas). The
value (18) represents regression to the mean as introduced by Francis Galton (1889).

In each generation, the realized income of an individyais s expected income
plus a disturbance term, that over time is independent of past values of income and
independent and identically distributed with mean zero and varghice

1) Yi=By, + (1B +A

This stochastic process is a first-order auto regressidnavsteady state expected
(logarithm of) income of_y For values of less than one the steady state variance of the
logarithm of income (a standard unit-free measure of inequality) is:

% To see this write Ji the variance in period t, as



2  u=0"/(1-p).

The steady state level of income inequality may be interpestetie effect of stochastic
shocks, blown up by the inter-generational transmission multipligf)(iwhich is increasing
in the extent of intergenerational transmission of income. The statidiséribution is thus
the result of both chance (the numerator) and social structure (tloenohator). Forf3
exceeding one there is no steady state and the inequality will increase frcim yesr.

Why is it plausible to restrict the value pto be less than one? Because it is the
elasticity of one generation’s income with respect to parentome, B measures the
cumulative advantage of having a higher-income pdreiihere is no reason why this
derivative cannot exceed unity, and as we will see presently, g@asen to think that it
might.

To see this, we need to make the income-generating processtexidtiallow
individuals to accumulate or consume income earning assets. Sulpgoacome is generated
by combining human and physical capital (h and k respectively) according to tvarigl|
income-generating function

@) y=fkh)

Human capital is all culturally and genetically transmittélliences on one’s capacity to earn
income. Equation (3) need not be interpreted as a production functioneiy mkescribes the
ways that individuals may combine assets to generate income.dd/last know about the
shape of such income generating functions?

Studies of the U.S. and South African labor markets, suggest thatetwd return to
schooling (the derivative of the logarithm of earnings with redpeptars of schooling) is
rising in years of schooling (Ashenfelter and Rouse (2000),Keswell (2084 (2003), see
also Hauser, Warren, Huang, and Carter (2000).) A similar patterarappebe at work
concerning the returns to capital: Yitzhaki (1987) found that the appoeci the value
portfolios of corporate stocks (on the New York Stock Exchange) heligh-income

M = B + 07
Setting 4= |, to get the steady state variance p we get (2).

3The correlation between parental and offspring incersef course restricted to the
unit interval, buf3 = po/c , wheres ando , are the standard deviation of the logarithm of
income in the current and parental generation, respectively. Tifusxi¢eeds 1, inequality
must be rising.



individuals exceeded by a considerable margin the appreciation dabljpsrtield by less
wealthy individualg. Studies in low-income countries show that net worth stronglgtaffe
farm investment, and low wealth entails lower returns to indepengeatiéural production
(Rosenzweig and Binswanger (1993)his evidence suggests that the wealthier farmers
pursue riskier strategies with higher expected returnslaidkeof insurance and restricted
access of the poor to credit not only reduces incomes, itradseases the level of income
inequality associated with a given level of wealth inequality.

These data do not establish any general properties of income gennattions, of
course, but they do suggest the importance in some settings of be#isingmarginal returns
and complementarities among assets. Let us then consider anaabih the income
generating function exhibits (over some relevant range) the fioljpwharacteristics: the
return to both human and material capital is rising in the amouapabatacquired (f, > O,

f «> 0), and the return to each form of capital is increasing in the amount of the qtber (f
0).

The last assumption expressing asset complementarity isteonhsigh the data just
mentioned: the higher-income stock owners in Yitzhaki’s study aeysso better educated,
and those with more schooling in the U.S. labor market are alsdeeallhe rate of return
to schooling may increase in the wealth of the individual becaudthweduces the costs of
job search and supports more nearly risk neutral occupational and gecarapbices.
Schooling may raise the rate of return to wealth for analogous reasons.

We return to the inheritance process, but instead of the intergenalétansmission
described in equation (2), suppose that upon coming of age each individuas iaterel of
both h and k, and then either accumulates or uses up both forms of epéih can be
consumed, and we assume that the knowledge, skills, physical caphediésstatus and the

“ Bardhan, Bowles, and Gintis (2000) and Bowles (2004) present models irthisich
result obtains for risk-neutral individuals due to the credit maikabilities faced by the less
wealthy. It could occur for many other reasons, including decreasing abgskuaversion.

> Rosenzweig and Wolpin (1993) showed that poor and middle-income Indianfarme
could substantially raise their incomes if they did not confronttccedstraints: not only did
they under invest in productive assets generally, but the assetdidhiegld were biased
towards those they could sell in times of need (bullocks) and adagidy profitable
equipment ( irrigation pumps) which had little resale value. Silpjl&osenzweig and
Binswanger (1993) found that a standard deviation reduction in weath@heskning of the
arrival of rains) would raise average profits by about a thndray Indian farmers in the
lowest wealth quartile, and virtually not at all for the top wehtilders, suggesting that risk
reduction strategies adopted by the poor reduced their expected incomes.
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like captured in h also depreciate unless renewed). Individuals wilhradate capital if the
marginal return on the investment (the derivative of the income gendraitign, given
the individual’s current holdings) exceeds the individual’sottiene preference. To simplify
matters we normalize the amount of both types of capital thadandual may have so that
Vi, h €[0,1] and ke [0,1]® For simplicity, assume that individuals differ only in their
inheritance, and that those owning no assets have no incentive to aceumhblbd those
endowed with the maximal amounts of both have an incentive to dis-aetargarl §(0,0),
f.n(0,0), £,(1,1) and §(1,1) are all less than the (common) individual rate of time peder)

Consider the investment (or disinvestment) strategy of an indiwdttala small
amount of human capital,facing the rate of return to material capital schedykehf) and
a rate of time preferenaeas depicted in figure 1. If the individual’'s assets are lessktliae
individual will consume her wealth, while for values of betweeml K the individual will
accumulate material wealth. Consider a second individual with morarhcapital, h and,
recalling that increased human capital raises the marginal effeaterial capital (f,> 0),
notice that the lower critical value (below which the individud@l wot accumulate) is
reduced, while the upper critical value is increased as a gk higher human capital
endowment.

Figure 1 illustrates the capital
accumulation dynamics of this population, the
arrows on the horizontal axis indicating the
movement of k in response to the
accumulation or dis-accumulation incentives. £, (kh")
The accumulation dynamics for human capital f (kh)
are similar. We model the joint dynamics of
the two accumulation processes by

@) dh/dt=h= H{f,(k, h) 5}

(5)  dk/dt= k= K{f(k, h) -5}

WI‘_____

Figure 1. Optimal accumulation of wealth with
differing levels of human wealth.

® Limiting the amount of material wealth an individual can havebigrary, but it does
not affect the results, given the assumptions that immediately follow.

7



0,0

Figure 2. Joint accumulation of material and human
capital. Pointsa and b are asymptotically stable
equilibria,c is a saddle.

where H and K are positive constants indicating the speed of mépistof the two
accumulation processes.

These equations give the stationarity conditiorsO andk = 0, when respectively
{f(k, h) 8} and {f,(k, h) 8} equal zero. For other states, the direction of change implied
by equations (4) and (5) is given in the vector field shown in figure€functions: = 0 and
k= 01in the lower left portion of figure 2 are downward sloping due todhgtementarity of
the two determinants of income illustrated in figure 1: thdacafitvalue below which

accumulation of one type of capital will not take place is lowsr, detter endowed is the
individual with the other type of capital.

There are three equilibria in this systenl) andc in the figure: individuals inheriting



any combination of h and k will over time approach one of these stdiegointcis a saddle
and will be reached (with vanishingly small probability) only by indiixls inheriting assets
along the dashed line xz. Those whose inheritance places them aboNexwe tob, while
those falling below xz will move ta. The line xz is therefore the boundary between the basin
of attraction of the two stable equilibria.

It is clear from figure 2 that as long the population of individudigiit assets placing
some of them on each side of xz, the population will over time bifiiato two classes,
those with the minimum assets and those with the assets deswyribeidtb.” In the world
described by this model, starting from a distribution of assetSe neighborhood of xz,
inequality would grow over time until the population were sorted tihé two classes just
mentioned. Until it reached this stationary state, the systeuid exhibit the opposite of
regression to the mean (the term analogofisinathe previous model exceeding unity).

Of course the deterministic assumptions of this model are utieéhe inheritance
is modified only by a deterministic dynamic given by (4) and (5).) thedncome generating
assumptions abstract from relations of employment and borrowing betiiese with
substantial and limited assets. But the model serves toateistsecond way that cumulative
advantage may work: small differences in individual endowmenysb@anagnified by the
individuals’ optimal path of accumulation or dis-accumulation.

This dynamic suggests an extension of the intergenerational missisn model
introduced above. Suppose the valu@ depends on the level of assets inherited and hence
on parental income, as illustrated in figure 3 so that we have:

(1) Y =BR)Yip + @BV + A

This model exhibits runaway inequality for middling levels of iitaece (those in the
neighborhood of the boundary between the two basins of attraction, xz) and convergence of
expected income to two distinct levels at the extremesxBan@e, those with very wealthy
parents would have endowments in near the maximum, and theih {ieahe absence of
shocks) would converge downward to pomtFor appropriate parameters this process
produces a bimodal steady state distribution of income witktantial polarization ((Gardiner
(2004):342-344).

"1 am ignoring the vanishingly small probability that the population dioahverge
to pointc.



The bifurcation in the dynamical system just
presented arises because the income generating
function exhibits two characteristics: B
complementarityof the two types of capital in
generating income, ancreasing marginal returns
to each type of capital over some ranges. A
further, well studied contributor to income inequalft
ispositive assortatiomamely, the tendency of those
with substantial income-earning assets to be paired
with similarly well endowed individuals in marriage
and other productive activities(Fernandez, Guner,
and Knowles (2001), Kremer (1997)). Yio

On the basis of these intergenerational
transmission and factor accumulation models, it Figure 3. A state-dependent
seems likely that plausible values of the relevant intergenerational transmission
parameters would generate high and in some coefficient
circumstances increasing levels of income
dispersion, even among individuals with substantially similar initial endowments.

While rapidly increasing inequality is sometimes observed (ifesteguarter of the
20" century in the U.S., China, India, Canada and the UK for exampl@xipédrm stability
of the income distribution in most nations and historical periodsmsrkable. The models
above thus serve to invert the “why inequality?” question and inst&adhgswe do not
commonly see runaway inequality or persistent polarization, and vahiagign and counter-
dominance outcomes are as common as they are. A possible atatgopr is that the
institutions that regulate the distribution of income attenuate inggiralvays that do not
appear in the above models.

3. Between-group Competition and Within-group Variance Reduction

Inter-group competition may favor egalitarian institutions if thasitutions
contribute to the survival of groups and thereby allow the proliferatidineaf institutions.
Some have suggested, for example, that success in warfasased by both universal
suffrage and monogamy (meaning potential wives are not monopolizeddhyehgroviding
an explanation of the spread of these leveling institutions. Olaes suggested that the
information sharing and flexible job assignments that contribute to the congstiticess
of many large Japanese firms are made possible by the rglatyalitarian pay and
employment policies adopted by these firms. Here | develop a variant of this idea.

That the suppression of within-group competition is a strong influenceartienary
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dynamics has been widely recognized in eusocial insects and otloegssfemith and
Szathmary (1995), Frank (1995), Michod (1996), Buss (1987), Ratnieks (1988)). Christopher
Boehm (1982) and Irenaus Eibl-Eibesfeldt (1982) first applied thgon&@g to human
evolution, exploring the role of culturally transmitted pracieéhich reduce phenotypic
variation within groups. Examples of such variance-reducingipesare leveling institutions
such as monogamy, food sharing among non-kin and other practicesedoae within-
group differences in reproductive fitness or material well-beingh Structures may have
attenuated within-group selection operating against individually-clstlgroup-beneficial
practices, resulting in higher group average fitness or masegakss. If so, groups adopting
these variance-reducing institutions would have had advantages in cafhingimvatic
adversity, intergroup conflicts and other threats. According to this,the evolutionary
success of variance-reducing social institutions may be explayrtbeé fact that they retard
selection pressures working against in-group-beneficial indilichits, coupled with the fact
that high frequencies of bearers of these traits reducekehldod of group extinctions and
increases the likelihood that a group will expand and propagate new groups.

Beginning with Darwin (for example Darwin (1873):156 and other pasyage
number of evolutionary theorists ( J.B.S.Haldane (1932), William Ham{lL975)) have
suggested that human evolution might take place under the influenoétiderel selection
along these lines. Among the distinctive human charactenglich may enhance group
selection effects on genetic or cultural variation is our égffacthe suppression of within-
group phenotypic differences in reproductive or material successhanfieguency of
intergroup conflict. The variance reducing institution modeled hene sdmmonly observed
human practices of resource sharing among group members including non-#ie, inotlel
could easily be extended to study other group level institutions tkatresource sharing,
reduce the within group variance of material and hence reproductivessudacluded are
information sharing, consensus decision making, and monogamy.

The inheritance of group-level institutions (formally, conventions)ult@grom a
cultural transmission process based on learned behaviors: as newrsehthe population
mature or immigrate, they adhere to the existing institutions,due to any conformist
predisposition, but because this is a best response as longtaghmeos do the same. The
resulting behavioral uniformity in adherence to a group's
institutions permits us to treat the institution as a group-leyel
characteristic. By contrast, the group-beneficial individyal
traits in our model are replicated by a standard payoff
monotonic mechanism (types with above average payoffs A N
tend to increase in frequency) in which the above pressures|
for uniformity are absent.

The Altruism Game:
Row's Payoffs

A b-c | -c
N b 0

The causal importance leveling in our simulatiops
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will be illuminated by a simple model of multi level selectionwhich between-group
conflicts are absent. Consider a single trait, which may be atrggrgsent in each individual
in a large population the members of which each belong to one of a nohgpeups. For
concreteness, consider an altruistic behavior which costs the indivahdtonfers a benefit
of b (both measured in units of some material resource) on a randomly (satiigld) other
member of the group. This means that a member in a group composelgt ehA's (that is,
altruists) has material payoffs exceeding those of a memb#rex group with no altruists by
the amounb-c.. As we assumie-c>0, altruism is group-beneficial. But in any mixed group,
the expected payoffs of altruists will be lower than thahefN's (the non-altruists). So
within-group selection will work against the altruists.

Letp; = 1 indicate that individualin groupj has the trait, witfp; = 0 otherwise (those
without the trait are N's). Using a discrete time framewletlg andp' represent the fraction
of the population with the trait during a given time period and the subsgogréod, respec-
tively, andAp = p'-p. George Price (1972) showed that for any system of replicatitinr@
or genetic),Ap can be partitioned into group and individual effects. Defipas the number
of copies, next period, of an individual of typ& groupj. Letw; depend additively on type
i's own trait and on the frequency of the trait in the grpup [0,1]) according to :

(6) W =B, + pBy + BB

wheref, andB; are the partial effects ow; of the frequency of the trait in the group and the
presence of the trait in the individual, respectively (the subsceifgistogroup andndividual
effects) ang,, a constant, captures other influences on replication success.. [Refifg

+ B, as the effect on the group average number of replicas of thesfrey of the trait in the
group (the difference in the number of replicas of an individual im@gtomposed entirely
of those with the trait and a group entirely withoyids Thus using the definitions aboye,
=-¢, B, =bandpg = b-c Then following Price (1972), and taking the expected valugof
as an adequate approximatiom\pfdue to the large population size assumed, we have

(7)  WAp =var(p)Be+ E{var(p,)} p; or
WAp = var(p)(b-0) - E{var(p,)}c

wherew is the population-wide average of the number of replicas (which vmeatiae to
unity) and the expectation operator E{} indicates a weighted avenagyegroups (the weights
being relative group size). The first term captures the grogetsah effect (which is
positive), while the second represents the effect of individual selectioth vghmegative (a
simple derivation of this decomposition is in Bowles (2001)). Settiilg aegenerate cases
such as zero variances, it follows that an interior frequency toiheill be stationary where
these two terms are of equal absolute magnitude (assuming tf'at Hrel variances making
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up these terms are themselves stationary). Because the senoisdiegative, the frequency
of the A-trait within all surviving groups will fall over timeuBasf; is positive, this tendency
will be offset by the continual extinction of groups with disproipodtely low frequencies
of the trait and their replacement by "new" groups with disproportionately legbencies.

Then rearranging the stationarity conditiondi7) we see that\p=0 when
(8  c/b=var)/[E{var(p,)}+var(p)]
with  Ap > 0 forc/b < vary) /[E{ var(p;)}+ var(p)]

Ap < 0 forc/b> var(,)/[E{ var(p;)}+ var(p,)]

The left hand term is the benefit-to-cost ratio of the altwtsdiit. The right hand term is the
ratio of between-group to the within-group plus the between-group vaonéttoe trait. It is
easily shown (Crow and Kimura (1970)) that this ratio measurefifftaeence between the
probabilities that an altruist will be paired with an altruist, |RjAand that a non-altruist be
paired with an altruist, P(A|N). Thus

r =var(p)/[E{ var(p)}+var(p)] = P(A|A) - P(AN)

The variance ratio, r, is thus a population-wide measure of theedefjnon-randomness
resulting not because of non-random pairing within groups, but becauseopthiation is
group-structured. Equation (3) shows that in order for an altrdrsiicto proliferate in a
population, the more costly (relative to the benefits) is thi, the greater must be the
between-group variance (relative to the within-group variance).

When the variance among group means is zero, A's no longer have the aeantag
being in groups with disproportionally many A's. In this case group selection isatiope
so only a costless form of group benefit could proliferate. By contrast weingn) = 0 Vj,
groups are either all A or all N, and one meets only one’s ope) tgdependently of the
composition of the total population. In this case, within-group selectarsent and between-
group selection is the only selective force at work.

Thus the force of group selection will depend on the magnitude of the groefit be
relative to the individual cosb@ndc in the example) and the degree to which groups differ
in their frequency of the trait, relative to the degree of wigrmdp variance of the trait.
Rewriting (8) agb-c= 0 we see that the stationarity condition jon a group-structured
population is just another version of Hamilton’s rule for the degrgmsitive assortation
permitting an altruistic trait to proliferate when rare. his trespect, multi-level selection
works by the same processes as other evolutionary processg®iass random pairing
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Figure 4 shows how the group structure of the population overcomes the disgdva
of bearing the costs of altruistic behaviors. While the expectegffgaythe non-altruista()
exceeds that to an altruigf,] when they both have the same probability of being paired with
an altruist, the difference in the probability of meeting amiglticonditional on one’s type
may overcomes this disadvantage. The figure illustrates a vailie whriance ratio r (that
is, the difference P(AJA) - P(A|N) ) that is just sufficient to equatexpected payoffs of
the two types and thus to maintain a stationary value dflow large this difference must
be depends, as we have seen and as the figure makes clear, on frdiffexgoices between
the bearers of the two traits.

Group-level social institutions may reduce these within group péoél hence
fitness) differences between the A's and the N's. Suppose tthat absence of leveling
institutions the selection process within a group is modeled (éapg) by the standard
replicator dynamic equation

9 Ap, =p(1- pj)(nA ") = p.(1-p)(-0)

Now imagine that the group has adopted th
practice that was common among virtually al
foragers and many other human groups of withi
group resource sharing. Some fraction of th
resources an individual acquires -- perhaps spetific
kinds of food as among the Ache (Kaplan an
Gurven (2004))-- is deposited in a common pot tg,
shared equally among all group members. This
sharing institution may be modeled as a linearttax,

P(AIA)

The Probability of Being Paired with an A

Figure 4 The evolution of an

€[0,1), collected from the members payoffs, with
the proceeds distributed equally to all members of
the population. The effect is to reduce payoff
differences between A's and N's, thates: o = -
(1-t)c.

Figure 5 shows the effect of resource sharing
on the payoff differences of the two types. The
difference in the probability of meeting an A
(conditional on ones own type) that equalizes
expected payoffs is no longer P(A|A) - P(A|N) =r*
as shown in Figure 1, but is noW(R|A) - PT(A|N)

altruistic trait in a group-
structured population. If the
population structure's variance
ratio, r*, is such that the
difference in the conditional
probabilities of being paired
with an A (P(A|A) - P(A|N))
is as shownp is stationary,
because the expected payoffs of
the two typest, andm, are
equal.

=" with 1" < r*. Comparing the two figures one sees that r*=c/b whikea(1-t)/b. As a
result, were the population structure as in Figure 1 (namelynd*)the sharing institution
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in place t>0), thenrn, >=. sop will increase.

Taking account of resource b
sharing
b-ct
(10) Ap= p(1p)(1-t)(- 0

from which it is clear that sharing
retards the within-group selection
against the A's. This can be seen by -
noting that S A
-(1-t)cr”

(11) oAp/ot; = -p(1-p)(- 0 c

4"‘
1
1

The Probability of Being Paired with an A

which for p; € (0,1) is positive, Figure 5. Resource sharing increases

meaning that resource sharing  the relative importance of population
attenuates the negative selection  girycture in the evolution of an

against the A's. Note that the effectis  gyyryistic trait. The dashed payoff
greater whemis close to one half. functions indicate the effect of within

o . group resource sharing; the altruistic
Thus an egalitarian sharing  rajt will proliferate if r = r*.

rule attenuates the exploitation of A’s

by N’s, retarding the selection pressures against the A’shamdlty reducing the size the
negative individual selection term in the Price equation (7). Aswdtr groups with higher tax
rates tend to have more A’s and hence are favored in between-grougitomgéhis latter
effect means that a higher tax rate will proliferate in the population.

Simulations of the coevolution of altruistic individual behaviors @haring at the
group level, using parameters that may describe some ancesteal populations and their
environments confirm the expectations of the model (.Bowles, Choi, andrisapf@003).)
We represented group competition as infrequent lethal conflict irhwimeogroups with more
A’s have a higher probability of winning, and in which winners extend ithitutions to the
losers’ territory. We introduced a rising marginal and avecag of resource sharing to
capture the incentive effects and administrative costs of sharing systenficuid that for
sufficiently small group size, frequent intergroup conflicts andéidninter group migration,
the simulated population sustains high frequencies of altruists gnificgint levels of
resource sharing within groups.
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Figure 6: The coevolution of egalitarian taxation and altruistic individuals.

The co- evolution of the fraction of the total population who are A’s andvidrage
rate of taxation across all 20 groups (starting from a situatismich no groups shared, and
there were no altruists) is depicted in Figur\&ry high levels of p generally lead to a
reduction in average tax rates (when p is high the incentiveafdbis tax system outweigh
the benefits as there are few N’s present). This in turn induces a sharp decline in p.

We turn now from between-group competition as a possible contributaalitaggn
outcomes to within-group class conflict.

4. The Fragility of Highly Unequal Conventions

Are institutions that implement substantial inequalities betweginly polarized

8 The between-group migration rate for this simulation was 0.2, groeiwais 20, and
the frequency of conflict was 0.28 (approximately once every 4 garesat Extensive
experimentation with the parameter set, econometric analytbis m#sulting time series, and
evidence concerning the plausibility of the parameter set arenpeelsin Bowles, Choi, and
Hopfensitz (2003)
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classes more vulnerable to being overturned than more egalibasi#utions? A Marx-
inspired answer to this question would explore the way that polarized economiésute
to the conditions under which successful collective action might owettterstatus quo in
favor of a more egalitarian alternative. Here | develop this reasoning usitigatation of
stochastic evolutionary game theory in which the stochastic inthsemic the evolutionary
process take the form of intentional collective action ratherrthaation-like errors. In this
model two characteristics of institutions affect the likelihooduwtcessful oppositional
collective action: the payoffs to the two classes under each of thatiositand the size of
the sub-populations in each class. Payoffs and class sizethfdragility or robustness of
institutions because they jointly determine both the minimum numbellettive action
participants required to induce a transition and the likelihood that stacbaents combined
with the intentional pursuit of class interests will produce thaired numbers. We will see
that egalitarian institutions are indeed favored in this setup, dutehaunequal institutions
may persist for long periods even when they are less effigimtifce a smaller joint surplus)
than an alternative more egalitarian institution.

| study the evolutionary dynamics governing transitions between ontractual
conventions in a two-person two-strategy game in a large populatmaivafluals subdivided
into two classes, the members of which are randomly paired to inteeanbn-cooperative
game with members of the other classes. Individuals’ best- resplagss based on a single-
period memory, and they maximize their expected payoffs based disthieution of the
population in the previous period.

The classes, initially assumed to be of equal size, aredef‘seand B's, and each
when paired with a member of the other group may
chose action 1 or 0, with the A's payoffs,
representing the payoff to an A-person playing
actioni against a B-person playing actipnand

Figure 7
Payoffs in the contract game

analogously for the B's. If the members of the paif B offer B offer

choose the same action they get positive benefjts, contract | contract

while if they chose different actions they get 1 0

nothing. For concreteness, suppose the sub-groups

are economic classes selecting a contract to regullaté offer ay, 0

their joint production, which will only take place if | contract 1 | b, 0

they agree on a contract. Payoffs are shares of|the

joint surplus of the project, with the no-productio A offer 0 %0
contract0 | O by,

outcome normalized to zero for both. The payo
with the A's as the row player, and the B's as
column player, are thus:

To capture the conflict of interest between the two groups, letsusree thalb,, > b,
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= a,; > ay, > 0 so the B's strictly prefer the outcome in which both plalyeA's prefer the
equal division outcome which results when both pldyBbth of these outcomes are strict
Nash equilibria, and thus both represent conventions, which | will dEpatedE, (or {0,0}
and {1,1}). Both populations are normalized to unit size, so | refer equilyaleitite numbers
of players and the fraction of the population, abstracting from integer problems.

The state of this population in any time period tig3{}, wherea is the fraction of
the A's who played 1 in the previous period Anslthe fraction of the B's who played 1. For
any state of the population, expected payafésdb, for the A's and B's respectively playing
strategy, depend on the distribution of play among the opposing group in the previous period,
or dropping the time subscript:

a, =Bay;; gy = (1B)ayy b, =ab,,;; andb, = (1-0)by,

The relationship between the population state and the expectedspiayefich action is
illustrated in Figure 8.

Individuals take a given action -- they are 1-players or O-playarsd-they continue
doing so from period to period until they update their action, at whichtheymay switcH®
The updating is based on the expected payoffs to the two actioss;dkpectations are
simply the payoffs which would obtain if the previous period's stataireed unchanged (the
population composition in the previous period being common knowledge in treatcurr
period.) While this updating process is not very sophisticated, itreadigtically reflect
individuals' cognitive capacities and it assures that in equilibriuvhen the population state
is stationary -- the beliefs of the actors formed in this naigeess are confirmed in practice.

° | refer to {1,1} as the “equal” convention as a shorthand. The levei&lbbeing
attained by the A’s and B’s cannot be determined without additional information Afghe
are share croppers who interact with only one B (a landlord), wisilat8ract with many A’s,
the “equal” convention would exhibit unequal incomes of the two groups, for example).

Y Giving individuals a longer (than one period) memory, or a less naivéngdale,
or a more limited knowledge of the distribution of types in the athbfrpopulation, would
not yield substantially different insights about the questions exphaned The overlapping-
generations assumption concerning updating is, however, important aans rat the
stochastic shocks due to idiosyncratic play (to be introduced prgsamtipersistent as the
realized distribution of play in the previous period reflects the stegksrienced over many
past periods.
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Figure 8. Expected payoffs Note: A’s payoffs depend dhthe fraction of B’s
offering contract 1, while the B’s payoffs dependaathe fraction of A’s offering
contract 1. Becausé,, > b,; = a,; > a,, the conventiork, (that is,a=1=) is

preferred by the A’s whil&,is preferred by the B’s.

Individuals are represented simply as bearers of the stratiegydsave adopted, while
the distribution of strategies among them varies. | will andhlesingle-period change in the
population state NXo,AB) under the assumption that individual updating of strategies is
monotonic in average payoffs so that and A
have the signs respectively, ef  a,)) and p, - by).

The resulting population dynamics are illustrated i E,
Figure 9 where the relevant regions are defined by: N N :
~N
N
(12) o= by(bystbio : L
}_:\ |
P* = agd(antag) » N |
\
these two population distributions equating the \ :
expected payoffs to the two strategies for the tV\éQ Ny
sub-populations, respectively. These values: of Z N
andp define best response functions: dsw* B's “1 | ;;I
best response is to play 0, and dom* B's best E, | N
response is to play 1, witlg* interpreted 0 o 1.0
analogously.
Figure 9 The state spaceNote: §
For states<a* andp<p* (in the southwest and E are absorbing states in the
region of Figure 9) it is obvious thAt: andAp are non-stochastic dynamic; z is a
saddle.
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both negative and the state will move to {0,0}. Analogous reasoning holds for the northeast
region. In the northwest and southeast regions of the state spanayndefine a locus of
states from which the system will transit to the interior equuiibro*, B*, with states below

that locus transiting to {0,0}, and above the locus to {1,1}. The basin of attraction of {0,0},
is the area below the dashed downward-sloping line in Figure &eata/gl vary witha* g*.

While the interior equilibrium ¢* p*} is an unstable Nash equilibrium (a saddle), the
outcomes {0,0} and {1,1} are absorbing states of the dynamic process, méaatinigthe
population is ever at either of these states, it will never leave.

How, then, might institutional change occur? Suppose there is a probahitiat
when individuals are in the process of updating, each may switch faypgiosyncratic
reason. Thus (&) represents the probability that the individual pursues the besinses
updating process described above. Idiosyncratic play can leadnitiobns from one
convention to another in the following way. If the status quo conventi¢d,03 but a
sufficiently large number of A's play 1 for some reason not caphyréhe model, then in the
next period, the best response of the B's, having encountering thesengj-playwill be to
play 1 as well. In the next period, the best response of the A'swwborgered these 1-playing
B's will be to play 1, and so on, possibly leading to the “tipping” of the popultbm the
{0,0} to the {1,1} convention. Conventions which require a large amount of idiosyaptati
to dislodge, while requiring little idiosyncratic play to accesispersist over long periods,
and if eclipsed by some other convention they will readily reemerge.

Suppose the idiosyncratic play just introduced takes the form of ioriaht
participation in a collective action seeking to dislodge the statasonvention in favor of
the other. Thus with probabilitythe individual is “called” to a meeting at which, should
there be sufficient numbers attending to induce a transition shoydall engage in the
collective action against the status quo, all decide to play mtostcally. (This is a
degenerate model of the collective action problem to illustrateytiemic, a more complete
model is provided in Bowles (2004) ).

Thus if the status quo is the {0,0) convention preferred by the Bigll iake o* or
more idiosyncratically playing A’s (playing contract 1) to induce the lesgiending B’s to
do the same, inducing a transition from {0,0} to {1,1}. Thtisnay be termed a “collective
action barrier” giving the minimum number of A’s required to saxithe income from one
period’s contract in order to increase the likelihood of an institutiwaasition benefitting
their group. A transition in the reverse direction would be induced-py or more
idiosyncratically playing B’s (the A’s prefer {1,1} so they wilbt seek to dislodge it). Which
of these transitions is more likely in a single period depends gaylodés as these determine
a* and B*. The population will spend most of its time governed by the contract hwheé
transition is most probable.
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It is easy to show that if the groups are of equal size, the population vt spest
of its time at the more equal convention (Bowles (2004) Naidu and Bowles (2004)).
The reason is as follows (see figure 10). By comparison with setagvely equal
“benchmark” convention, increasing the degree of inequality of an ali&r@tnvention
makes the unequal convention more persistent (requiring more idiosymptastio dislodge
it). But this effect is more than offset by a counter effextreasing the inequality of the
alternative makes the benchmark even more persistent. So the effectterf grequality in
the alternative convention is to slow down the process of transition in rrmassical way,
disproportionately retarding the transitions from the equal to the unsmuadntion. For this
reason, the more unequal is the alternative contract, the greatamiount of time the
population spends at the equal (benchmark) contract.

This is illustrated in figure 11 which
shows (the height of the bars) the fraction of< 7 °
a very long period of time that the population %
will be in the neighborhood of the alternative o) o
contract if the benchmark is the egalitarian -8
{1,1} contract above, and the alternative o
contract givesp to the As and (b)p to the 8 s %
Bs. The efficiency (joint surplus) of th& %
contract is given by (for the benchmarg is 8 s °°oo <~Difficulty of getting from 1 to 0
2) and the level of inequality ke [0, ¥2] It 006 %0,
is clear that both inefficient and unequal | OOOO%OOOOO%%% OOOOOO
contracts are penalized in this dynamic. Fore 7_ , _°°°°o%§§ooo
example, the figure shows that a convention | " erereneet™ %03,
that gives the A’s 0.2 of the total surpluss - %00,
must be 25 percent more efficient (that s ' ' ' ' ' ‘
2.5) than the benchmark egalitarian= ¥, 00 ot0z 03 0403

p= 2) contract. <~Increasing Inequality ( o)
Unequal States are Less Resistant to Perturbations

Figure 10 Unequal conventions
are not robust. It takes more
idiosyncratic play to move from
the equal to the more unequal
convention than the reverse

If the number of A’'s exceeds the
number of B’s however, as would typically
be the caseif the A’'s are wage workers or
share croppers, for example, highly unequal
conventions may be very persistent, even if
they are much less efficient than the benchmark. Figure 12 shoeféetieof assuming sub-
populations of different size (retaining the degenerate model lefctioe action) for an
alternative contract with = 0.3 and with the values as shown.

By contrast to the equal sub-population size case depicted in Figurégh, w
population sizes differ the intentional nature of non-best-response belmaal@s a
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difference: unequal and quite inefficient conventions may be highlyspemsi For example,
in the equal population size case a convention avith0.3 needed @ of 2.25 to be equally
persistent tdg;; butif the A's number 18 and the B's 6, the two conventions are equally
persistent when the unequal convention is messefficient than the benchmark, thapis
1.25 Where there are 21 A’s (and 3 B’s) the population will spend maisé dime in the
unequal convention even if its level of efficiency is half that oétngal convention. Note that
the level of inequality measured by the average income of Btevesto A's is n(Is),/o(24-n),
each B interacting with more A's as their relative shatteegbopulation increases. Thus at the
conventiork, if 6 = 0.3 and the A's and B's are equally numerous, the B's have an l&3me
times the A's but when there are 21 A's and 3 B's, the ratio is T&38.highly unequal
distribution of income may result from unequal sub-population sizes, and npaydistent
because of the unequal sub-population sizes.

Average Faction
of Time

Figure 11. Efficient and equal conventions are stochastically stewith
equal sub-population sizes. Note: the Benchmark conventionkgfor
whichp = 2 ando = Y.

The evolutionary success of unequal and inefficient conventionittiagehe smaller
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of the two classes is readily explained. As long as rateasyidcratic play is less than the
critical fraction of the population required to induce a tramsi{which | assume), smaller
groups will more frequently experience “tipping opportunities” whemghézed fraction of
the population who are “called” by chance exceeds the expectadrir@dtself). The theory
of sampling error tells us that the class whose numbersnaaiier will generate more
“tipping” possibilities. Small size does not facilitate colieetaction if more than the critical
number are “called”: recall that in this case, all of thodleaavill choose the risk dominant
strategy, and this is independent of their numbers.

Average Fraction
of Time

n 12

Figure 12. Unequal conventions persist when the poor outnumber
the rich. Note: total population is 24; the Benchmark convention,is E
(o0 =%,p = 2). | is characterized by the valuespoindicated and =
0.3.

The evolutionary advantages of equal conventions are enhanced if géhef rat
idiosyncratic play €) is made state-dependent. Our interpretation of idiosynqukty as
participation in class-based collective action motivates lettibg increasing the degree of
class polarization at each state. Esteban and Ray (1994) provitkriaghon measure,
designed to capture the collective identity of the members afsa el well as the income
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economic differences between the classes. As its calculatjairee only the class income
difference and the size of each class, it is readily catmlifar each of our states for a variety
of class sizes. We let

g = §1/(1+m<)

wherea is a positive constant, so where polarization is absent (wheredlutasses have the
same incomey =e. To give some idea of the effects of this formulation # 0.1 andx =

5, then for classes of equal size, the rate of idiosyncraticp@y8 ifc = 0.4 and 0.39 i

is 0.1.

The effect is to destabilize unequal conventions especially wtlass size is
approximately equal. For example from figure (12) we see thhatsiate-independerntand
an alternative contract ef= 0.3 ang = 2, the population will spend virtually all of the time
(96%) at the alternative contract and thus virtually none at the bamkhi@galitarian)
convention. Our calculations show, by contrast, that with state deper(dsirtg the above
formulation) the population spends only 0.05 percent of its time at the uratprahtive
contract and virtually all at the egalitarian contract. Thu$direulation of the nature of the
state dependence of idiosyncratic play is essential to the predictions of this model

5. Equality’s Fate Some speculations

From a very long run perspective, two big facts about inequality siat. First,
humans descended (and are not very different genetically) from aualahe common
ancestor of us, chimps, bonobos and gorillas) that almost certainlydigesociety of marked
dominance hierarchies. Second, for perhaps the first 90 percentofitb¢ime that modern
humans have existed (since about 100 thousand years ago) most humamsfoveging
bands that were strikingly egalitarian in access to valuediress and power, at least when
compared to the substantial inequalities of the agrarian autocracieamtadist economies
that were to follow and the societies of non-human primates (with the possibjgieraf
bonobos) that had preceded our foraging ancestors. What explainetti§/gurn? And
what does an answer to this question suggest about the future of equality?

The causal mechanisms operative in the models above (commutativeageya
between group competition, within-group class conflict) have been préssrittorically,
as if they were time-invariant. But to explain the U-turn wednieetake account of the
changing nature of human livelihoods. The forces at work over this verydargpncern (at
least) four aspects of production, reproduction, and distribution.

The first is the nature of stochastic shocks to which humans have been exposed, and
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the opportunities for insuring against these shocks given the ofddeslihood and the
organization of reproduction of the groups in question. The thrust of glisiant is that the
ecology and livelihood of the typical foraging band entailed substamtigidual uncertainty
primarily because hunting success is very sporadic (Ha{2ké¢€)). Because the main sources
of nutrition were difficult to store, self-insurance over timedtiyh saving and accumulating
reserves) was ineffective. As a result, within-group contemporanenssmption smoothing
was widely adopted. The domestication of plants and animals madgestéfextive, allowing
self-insurance (by the more productive) to displace co-insurance.

The second is that our foraging ancestors (unlike non-humantpsymeere substantial
meat eaters who often acquired their nutrition in huge packagesmattggnal benefits to
which (in fithess or other benefits) were sharply diminishing beyond a sawlbfr of the
package size. As a result that the opportunity cost of sharing wadimitiéel, and the cost
of not sharing with needy competitors was substantial (Blurtoes](987)). By contrast,
post-domestication livelihoods are often acquired in highly divipidees, the returns to
which (over the relevant scale) are not so sharply diminishing.

The third aspect is that the life cycle of learning, productanty consumption among
foragers differs greatly from our primate ancestors in thatcosts of child rearing are
substantially greater, creating a large net deficit for ramstlies when their children are past
infancy but not yet productive hunters and gathers. Resource sharing among farttires wi
groups facilitates the long learning times associated withahufibut not other primate)
development (Kaplan and Gurven (2004)). This is but an early examiple sdcialization
of the costs of reproduction a more recent example of which is the Nordic weltare sta

The fourth dimension, and the one | would like to explore here, concerns the nature

of the technology by which livelihoods are produced, and especially the degreehdive

forms of wealth involved generate cumulative advantage and aaggbyiappropriable and
hence may be transmitted within families across generdfi@gppose that livelihoods are
produced and the next generation are reproduced using three kinds lof matdtial capital,
somatic wealth, and knowledge. By somatic wealth | mean (followdaglan) the
individual's bodily capacities and condition, including health, mental gcstitgngth and
learning abilities. Knowledge wealth, by contrast is a stock ofrimétion to which one may

have access (through the traditions, lore, technical manuals,d#rand other information
sources available to members of a group.)

1 An aspect of this process — the extent a technology pehmitdetar definition of
property rights —is the explanation for the emergence of possdxsed-individual property
at the time of the domestication of plants and animals advanced in Bowles and Choi (2002)
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Production and reproduction typically require some of all three kindseatfth.
Scientific and technical knowledge must often be embodied in maiexath in order to be
effective. Access to knowledge wealth requires at least ralnlievels the learning and
information processing capacities that are elements of sooagtital. As these examples
suggest, the three inputs are often (but not always) complemehtagffdéctiveness of one
increasing in the level of the other. One could take account ofetlaad other
complementarities among the types of wealth by adopting a geeer@iobb-Douglas or CES
income generating function. In the former case we would have

y - Akmamksaskkak

where y is a measure of output, A is a positive constanio.gndl, a, measure the relative
importance of material, somatic and knowledge wealth in the productioesp-or positive
levels of all three inputs, each exponent measures the elasticity of outputspéhtr® the
type of wealth concerned. For example a one percent increasesimaiagalth will increase
output bya,,, per cent. A convenient way to represent the relative importareaebftype of
wealth is illustrated in figure xxx. Each point in the simpleseg the exponent as indicated.
The sum of the exponents is a measure of the extent of ecomafnsieae: increasing all
inputs by one percent will increase outputdjy+ o, + o, per cent. The function exhibits
complementarity among all three inputs: the derivative of y wipect to each type of wealth
is increasing in the levels of the other types.

The three types of wealth exhibit the properties in the table below.

Material | Somatic Knowledge
Cumulative advantage Yes No Yes
Privately appropriable and transmissible Yes Somewhat  Effectively|no

Characteristics of Three Types of Wealth

These properties ore not entirely determined by the technical wétinewealth, of course:

with confiscatory inheritance laws, for example, matevishlth may not be transmissible
across generations, and with well defined and aggrégen®rced intellectual property rights
knowledge may be privately appropriable and the its bemat#generationally transmissible.
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But the technical features of the category of wealth greatly

influence the extent to which it exhibits the properties
listed. Pulksn)

Now consider the intergenerational transmissioh.0f- ——/~———— \—— — -
wealth as before, and let us as in equation (1) collapse the B
transmission-across-generations process with the / \ :
accumulation process so that we writeals the wealth of
type j {material, somatic, knowledge} of th& generation P
at the time that they pass on their wealth to the next k
generation (namely having inherited wealth from the
previous generation as in the first model in section 2 and  Figure 13. Intergenerational
having then accumulated or dis-accumulated, as in the persistence for three types of
second model). Assume (contrary to the accumulation \yeaith: material, somatic, and
model for h and k) that the accumulation and transmission  knowledge
processes for these three types of capital are independent
(the level of one type of wealth not affecting the transmission or accuamutdtihe other).

This assumption may be particularly inappropriate for the case of knawestgth, for the
productivity of free information may depend critically on acdessaterial and somatic
capital’®* Then we can write

p

Ko =B K+ (IB)k +A je[m,s, K]

where Kis the societal mean of wealth of type j, anegs a mean-zero disturbance term with
standard deviatios, (and like) in equation (1), itis independent and identically distributed
and is uncorrelated with; k;). Call this an intergenerational persistence (rather than
transmission) process as it includes both the literal trangmi€banding down’ from parent

to offspring) and the process of accumulation or dis-accumulation tpkiog over the life
course. Th@'’s are persistence coefficients.

121f the production function has the Cobb Douglas form (above) the varidinice
logarithm of income can then be expressed as the sum of the eargattcovariances of the
(logarithm) of the three types of capital, weighted by coeffits reflecting the relative
contributions of the three to income generation, the degree of ecsofscale, and the
degree of complementarity among the three types of capital:

var(y) = «,? var(m) +a2var(s) +o2var(k) + a,o.covar (mk) +occovar(ms) +o,o
covar(ks)

27



Given the entries in the above table, and the reasoning in sectios @latisible to
suppose that the valuesfioére as they appear in figure 13.. The intergenerational persistenc
process for material wealth gives an inverted-U persistendécta@ for the cumulative
advantage reasons presented in section 2.

The persistence process for somatic wealth exhibits signifregnéssion to the mean
(B.<1)over its entire range. The reason is that cumulative adedantagcumulating somatic
capital is quite limited (due to the limited nature of the necgs# of the investment, the
body) and the inheritance process for the traits that are eédengenerating income is
characterized by limited heritability and limited assortative mating oretbeant traits.

Finally B, is characterized by strong regression to the mean because, gesjive
feedbacks in the process of knowledge generation, the zero-cost capgoyat knowledge
its substantially public good nature makes its inheritance witmiliés very weak (most of
the knowledge to which one has access is based on the stock of knosvigngel by the
average member of one’s group.)

Recall that a persistence process characterized by regrassthe mean at the
extremes and movement away from the mean over intermedrages (likeB,,) will (for
appropriate parameters) generate a stationary (ergodiclpdigin of wealth that is bimodal,
that is, polarized By contrast, if regression toward the mearacteazes the persistence
process, as we have seen, the stationary distribution is uni-modtd sadance is given by

H =0,/(1-p3.

Thus the three persistence processes given in figure
13 could sustain the stationary distributions given irte
figure 14.

Knowledge

A possible interpretation of the U-turn is the
following. Our foraging ancestors produced their
livelihoods (and reproduced themselves) relying
primarily on somatic capital and knowledge. This,
along with the group-survival advantages of within-
group variance-reduction and the other contributor§ : ._
to hunter-gatherer egalitarianism mentioned above, k
provided the economic underpinnings for a culture
and political process that discouraged the emergence
of social dominance hierarchies and persistent

Figure 14. Stationary distributions
(steady state frequency distribution)
for three types of wealth.
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differences in wealth.

Agriculture (and later machine-assisted industry) greatly erlgathe importance of
material wealth, and reduced the relative importance of sowegital, and probably also
reduced the importance of knowledge capital. The result was alolesssn characterized by
substantial polarization. The essential role of material @ajpitncome generation and its
polarized distribution along with increasing returns in the aeffectse of coercion further
contributed to social dominance hierarchies and economic inequality. libhequey have
been somewhat attenuated by the vulnerability of highly unequal camvemdi insurgent
collective action demonstrated in the previous section.

Material wealth remains important today, but the importance of kidgeland other
so-called ‘fugitive resources’ (Arrow (1999)) is rapidly incregsiWhether current attempts
to enclose the ‘knowledge commons’ can ‘domesticate’ these fuggBeerces, so that their
persistence coefficients come to resemble that of matezadthy is one of the major political
and economic battles of the coming decades. If these effortdHailincreasing economic
importance of knowledge may contribute to the realization of a more egalitatias fut
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