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Abstract

This essay argues that there is a direct link between wealth nonri-
valry and the social costs of exclusion. In the mainstream literature,
nonrivalry and high costs of exclusion are viewed jointly as the defin-
ing characteristics of public goods, but each of them—nonrivalry and
exclusion costs—is viewed as a separate and independent attribute
of goods; thus, the presence of one need not imply (or preclude) the
presence of the other. However, the expansion of society’s productive
power implies, necessarily, the increased nonrivalry (or shareability) of
wealth. A sparse simulation model with simple numerical values helps
to show that society’s expanded productive potential and wealth non-
rivalry tilt the material ground on which social structures form. The
tilting of their material ground induced by a greater wealth nonri-
valry stresses the social structures in the direction of greater equity
in the appropriation and ultimate use or consumption of wealth. As
a result, larger portions of the productive power of society must be
used unproductively in maintaining a polarized social structure, thus
reducing this social structure’s historical and economic rationale.

1 Introduction

Conventional microeconomic theory admits that decentralized private mar-
kets are Pareto inefficient in the presence of—inter alia—nonconvexities in
technology or preferences, production or consumption externalities, public
goods, noncompetitive market structures, and informational imperfections.1

Markets presuppose that exclusive ownership claims over wealth be upheld
and, under the conditions listed above, the social costs of upholding such
claims outweigh the social benefits. Since, in economics, social costs and
benefits are viewed in opportunity terms, i.e. by comparison to alternatives,
the existence of these “market failures” implies that conceivable nonmarket
mechanisms of resource allocation are optimal by comparison to markets.

This essay offers a general argument to illuminate the link between wealth
nonrivalry (or shareability) and the social costs of exclusion. In the main-
stream literature, nonrivalry and high costs of exclusion are viewed jointly as
the defining characteristics of public goods, but each of them—nonrivalry and
exclusion costs—is viewed as a separate and independent attribute of goods;
thus, the presence of one need not imply (or preclude) the presence of the

1See, for example, Mas-Collel (1995, [1]), part III, or Varian (1992 , [2]), chapters 14,
16, and 22-25.
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other.2 However, the expansion of society’s productive power implies, neces-
sarily, the increased nonrivalry (or shareability) of wealth. This expanded
productive potential and wealth nonrivalry tilt the material ground on which
social interactions take place. Repeated or systematic social interactions re-
sult in the formation of relatively stable social structures, such as markets,
states, and a myriad other social organisms and organizations. The tilting
of their material ground induced by a greater wealth nonrivalry stresses the
social structures in the direction of greater equity in the appropriation and
ultimate use or consumption of wealth.

Unregulated (not necessarily competitive) markets can only reallocate
wealth through the voluntary exchange of ownership claims over wealth—
so-called “financial securities” or “bonds” (in the generic sense of the term,
inclusive of money). And, just as the social cost-benefit balance tilts in fa-
vor of greater equity, the operation of unregulated markets tends contrarily
to reinforce exclusion. The result is mounting social costs of enacting, ad-
ministering, enforcing, adjudicating, and justifying (ethically, aesthetically,
and ideologically) the exclusive ownership of wealth on which markets are
premised. Thus, we are in the presence of—in Arrow’s (1969, [4]) terms—
increasing “costs of running the economic system.”3 The fact that ever larger
portions of the productive power of society must be used unproductively in
maintaining a polarized social structure reduces this social structure’s his-
torical and economic rationale.

The link between growing productive power and the increasing histori-
cal irrationality of capitalist societies is one of the central theses of Marxist
socialism.4 Thus, this essay can be viewed as a restatement of Marx and
Engels’ classical argument. The novel contribution made by this essay is
the further elucidation of the very general mechanism by which higher pro-
ductivity leads to increasing nonrivalry and, thereby, to increasing costs of
exclusion.

The framework used to organize the argument—a straightforward simu-
lation model—is accessible to any reader with a grasp of basic algebra and
introductory statistics. The moving pieces of the framework are kept to a
bare minimum, and they are allowed to vary only gradually and in ways that
are sufficiently intuitive for readers to establish the direction of linkages. Sim-
ple numerical values are used to gain intuition and facilitate understanding.
However, I argue, the assumptions of the model are weak enough to support

2See, for example, Mueller (2003, [3]), Part I, chapter 2, pp. 11-25; Mas-Collel, et al.
(1995, [1]), part III, chapter 11, pp. 359-363, or Varian ((1992 , [2]), chapter 23.

3The phrase, “the costs of running the system” is Arrow’s (1969, [4]) reinterpretation
of Coase’s (1937, [5]) “transaction costs” of markets.

4See, for example, Marx (1859, [6]), preface, and Engels (1878, [7]), part III, chapter 2.
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the breadth of the conclusions.
Again, this essay diverges from the conventional literature on public goods

in that it concludes that, under reasonable assumptions, nonrivalry and ex-
clusion costs are in fact directly related. Remarkably, though unfortunately,
no well-known Marxist work since Engels (1878, [7]) has addressed directly
the link studied in this essay, which is the same link Marx referred to as
leading from an increasingly interdependent or “socialized” production to
the most pressing “historical necessity” for “social property.”5 This hypoth-
esis, however, is a cornerstone of the Marxian or historical-materialist case
for socialism.

Section 2 of this essay presents and “runs” a straightforward simulation
model, with simple numerical values, to organize the argument. It postulates
a minimalist society at a given point in time with the amount of wealth
available and its population as their parameters. This section also elaborates
on the assumptions to show that the power of this framework is not to be
discounted in light of its simplicity, and that—in fact—the premises of the
model can be relaxed in ways that do not affect in any crucial way the main
conclusions. Section 3 offers concluding remarks.

2 Framework

2.1 Preamble

Human society is a tiny subset of the physical world; it exists in the physical
space-time and is subject to the laws of the physical universe. Vis-à-vis the
rest of nature, humans have no rights, as distinguished from their mights, or
powers to appropriate portions of the natural world and transform them into
physical wealth, i.e. into objects that meet human needs and wants. Thus, the
ultimate source of human power is their productive power, i.e. the collective
ability of individuals to transform their natural environment in ways that fit
their designs. Furthermore, it is through the satisfaction of their physical
needs and wants that humans develop their powers as producers—indirectly,
embodied in their physical productive wealth, and directly, residing in their
own nervous systems and overall bodies. In a sense, from a material or
physical point of view, society is simply a physical device that produces
human productive power by means of human productive power.

The key term here is human, since the driving process in the production
of wealth is the specifically human—i.e. willful, deliberate, or conscious—

5Marx (1867/1976, [8]), volume I, part 8, chapter 32.
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subjective activity also known as labor.6 The specifically human aspect of
labor is its congenital inability to merely adapt to, or passively accept, the
existing conditions as endowed by nature or history, i.e. the compulsion to
problematize the world, the human problem being that of going from the
world as it exists to the world as humans want it or need it to be. The
fundamental insight of the labor theory of value, most often misconstrued in
the mainstream social sciences, can be restated as saying that, in the last
analysis, at any given point in time, the true scarce resource of humans—
the ultimate constraint to their free development—is their finite ability to
deploy their conscious, purposeful, or focused time.7 Therefore, opportunity
costs (and benefits) are, in the last analysis, given amounts of the productive
power of society’s labor. As a result, when individuals trade commodities
in markets (or when states appropriate economic resources to deploy them
in accordance with political priorities), they are simply allocating and real-
locating the productive power of society’s labor under its various concrete
forms.

Humans interact with the rest of the physical world as physical forces.
And, also, at a fundamental level, individual humans interact with one an-
other as physical forces, moving about in space-time, colliding with one an-
other in accordance with the laws of physics. The phenomena that we char-
acterize as specifically social—or, overall, as society proper—emerges from
these interactions among individuals. Repeated or systematic interactions
among individuals give rise to more or less stable social structures, such as
markets, money, states, firms, families, etc. In and by themselves, these so-
cial structures are not physical (visible, tangible, etc.), although they must
necessarily find embodiment in physical wealth and human bodies to have
any worldly consequence. However, even though social structures in and by
themselves are not physical, they do have an object-like character, i.e. they
are objective in the sense that, although they are the outcome of individuals’
actions and interactions, individuals cannot bend them at will. Some social
structures constrain individual actions in ways that seem as formidable as
the obstacles of the natural world.

Claims of ownership over wealth are not “natural rights,” since—again—
the rest of nature is indifferent to human folly. Claims of ownership are
an arrangement created and sustained, knowingly or not, by the individuals

6See the excellent description of labor and production in general in Marx (1867/1976,
[8]), part III, ch. 7.

7This is what Sweezy (1942, [9]), chapters 2-3, called the “qualitative-value prob-
lem,” concerned with the ultimate “substance of value,” to be distinguished from the
“quantitative-value problem,” concerned with the determination of specific market prices,
or exchange proportions, as the most concrete and superficial manifestations of value.
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themselves, i.e. they constitute a particular social structure. The ability of
human individuals to form and modify their social structures depends in the
last analysis on their productive power. This is because, from a material
viewpoint, individuals interact with one another subject to the laws of the
physical world, and greater productive powers grant them more degrees of
freedom to form and reform their social structures.

A few words on the general approach inspiring this essay: In studying a
complex phenomenon (e.g. social life), the traditional method of science is
to divide these phenomena into simple, manageable parts, and to use simple
“models” or logical frameworks to illuminate essential relations among its
elements. This amounts to running a sort of “mental experiment” on the
conditions stipulated ex hypothesi. Once the essential relations among the
elements are clarified, the whole can be reassembled, gradually restoring de-
tail and complexity.8 The most fundamental relation on which social life is
based is the material relation between humans and the rest of nature. Being
human, social structures may—of course—foster the impression that, individ-
ually, one can escape the material constraints imposed by our limited ability
to transform nature. However, what may appear to be true for individuals,
cannot be true for all individuals taken together if its being true requires the
violation of the material constraints imposed by a finite productive power. I
now turn to examining this relation in a most basic setting.

2.2 Material conditions and social structures

This subsection hypothesizes a minimalist society made up by a few individ-
uals, with a very limited amount of wealth at their disposal. The focus is on
grasping, first, the effects of greater wealth availability and, then, population
change on the formation of the social structure of exclusion.

Consider a society that, at a given point in time, is constituted by three
identical individuals, N = 3. In this framework, the first crucial (material)

8In similar terms, Marx (1857, [10]) sums up “the method” of the political economists of
his time. In itself, this is not a prescription for Marxists to follow, but rather a description
of the process social thinkers effectively follow, mindfully or not. Marx’s summary of
“the method” is akin to Hegel’s notion of Logic as descriptive of the thought-process of
individuals (and of the Universal Mind that, in Hegel’s worldview, expresses itself in the
unfolding of nature and history). Hegel (1831, [11]), preface, uses digestion as an analog for
thought; and while a conscious understanding of digestion may lead an individual to make
healthier lifestyle choices, it is not required for digestion to proceed. Thus, in Marxian
terms, the thinking of modern economists is dialectical, though not necessarily consciously
so, and it is this lack of awareness (often fostered by pressing social conditions) that may
derail their thought process, leading it to error. Hibben (1902, [12]) offers a lucid summary
of Hegel (1831, [11]).
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assumption is:

Assumption 1 All individuals are identical, and they remain so under the
various alternative scenarios considered.

In this initial scenario, the existing amount of physical wealth is one
unit, W = 1. Existing physical wealth must have been appropriated from
nature, i.e. produced, one way or another. Since this refers to a point in
time, the average (or per-capita) productive power of this society at such
time is one-third units of wealth per individual, w = W/N = 1/3. It is
essential to note that w is also, immediately, an index of wealth nonrivalry,
as it indicates the amount of wealth that could be used or consumed by
each individual, should they share or distribute the wealth uniformly.9 The
population N along with the stock of wealth existing at the time W (or
equivalently, the index of nonrivalry w, along with either of the other two
variables) summarily describe the material conditions facing this society, i.e.
their collective productive possibilities with respect to the rest of nature.

Assume now that each existing unit of wealth is discrete and indivisible,
so at most one individual may use or consume it. In other words, each unit
of wealth is absolutely rival in its use or consumption. This assumption can
be viewed as being at the threshold between limiting material conditions
and the formation of social structures. For example: One may imagine that
wealth exists in the form of chairs and that individuals and chairs are of such
respective physical size that only one individual may sit on a chair at a given
point in time. However, it is not difficult to contemplate the possibility of
more than one person sitting on one chair (not very comfortably, but not
impossibly). These possibilities, though, are to be ruled out at some point.
To use an extreme example, one molecule of water that one individual ingests
cannot be physically ingested simultaneously by another individual.

Arguably, the assumption of discrete rival units of wealth is irrelevant
to the main conclusions of the essay. As the example of the molecule of
water suggests, the argument can easily be re-framed under the assumption of
continuous, rather than discrete wealth, but in such case wealth rivalry would
have to be postulated (and reasonably so) as a decreasing function of wealth,
W . The mathematics would get more involved with little gain in insight. In
any case, it should be clear that this refers to the very boundary, where the
rest of nature tightly confines the space for society to freely arrange the use or
consumption of existing wealth, that society’s hand is forced. Pushed to the

9Production takes time and productivity is usually defined as the ratio of output flow
to input flow or stock. The reader may want to interpret the index of nonrivalry w, a ratio
of two stock magnitudes, as a sort of “instantaneous” average productivity.
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limit, the assumption of the indivisibility of each unit of wealth appears as a
restriction imposed by the laws of physics rather than by social arrangement.

To sum things up, this is the second crucial (material) assumption:

Assumption 2 Each unit of wealth is discrete and indivisible in use or
consumption—i.e. absolutely rival.

In this simple setting, with one unit of wealth, W = 1, and given the
assumption that each unit of wealth is rival, it would appear obvious that
the probability that one randomly chosen individual will appropriate it for use
or consumption is w = 1/3 at the exclusion of others, and—therefore—the
probability that the same individual will end up with nothing is 1−w = 2/3—
i.e. that such social pattern of appropriation is dictated by the material
constraints. However, let us preempt this implication. Here is where the line
must be drawn:

Each unit of wealth is assumed to be indivisible, but as a society, the
individuals are not bound to accept inequality as a fact of nature. Instead,
they face a dilemma. Certainly, by the assumption of indivisibility, they
cannot split this one unit of wealth into smaller, shareable fractions, but
they can decide either:

• that one unit of wealth is too little for them all, choosing not to dis-
tribute it for anybody to use or consume—say, to hold it on their own
collective behalf in the mean time, until the amount of wealth available
suffices for each one to have at least one unit for use; or

• that any existing unit of wealth must be appropriated by someone (in
this case, by one and only one of them), which implies that the rest
will be excluded from it.

In the case of specifically human societies, i.e. in the case of individuals
endowed with conscious or purposeful behavior, the latter arrangement—
which we generally call exclusion (or appropriation or ownership or wealth
distribution)—is a social structure, an arrangement that individuals impose
on themselves, and not a material condition imposed by nature.

Thus, the third crucial (social) assumption is that:

Assumption 3 Each existing unit of wealth is to be appropriated by one
individual and only by one.

This assumption restricts the social “game” of distribution to the case of
exclusion. It postulates that, in this society, private or exclusive ownership
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prevails. Even if only one unit of wealth exists (as in scenario 1), that
unit must be appropriated by one and only one individual. In other words,
solidarity pacts of the form “We will all sit when enough chairs are available
for everyone to sit or, else, we all will stand” are ruled out. More generally,
any collective ownership arrangement is ruled out. To repeat: At each point
in time, each existing wealth unit must be owned by some one individual at
the exclusion of the rest.

It is important to understand, not only that exclusion is a social struc-
ture, but also that exclusion is more than the mere legal claim over a certain
amount of wealth. Exclusion is, so to speak, effective or economic ownership
over a certain amount of wealth. If exclusion is to stick, societies must devote
a portion of their productive power to codify, implement, adjudicate, and en-
force exclusion. The power to exclude is a specific (though nonproductive)
application of society’s productive power. A society where individuals must
protect their possessions from others as such individuals, at their own per-
sonal risk or expense, without the organized power of society backing them
up, without state power behind them, is not and cannot be a society where
exclusion exists as a stable social structure.

The assignation of legal rights of ownership over a certain piece of wealth
to a certain individual entails, necessarily, the assignation of matching obliga-
tions to all others. If ownership is to mean the effective (though necessarily
bounded, materially and socially constrained) ability to dispose of a piece of
wealth, then stating that you own it implies that others do not own it. Now,
legal rights and obligations always imply a certain assignation of claims over
physical wealth, i.e. over society’s productive force. In accounting terms,
every “asset” entails a matching “liability.” Clearly, if individuals, motu
proprio, act respectful of one another’s legal rights, i.e. assume their corre-
sponding obligations without external compulsion, the cost of an apparatus
of organized coercion to uphold ownership will be lowest. But, in any case,
whether the cost of upholding exclusion exists conveniently dispersed among
the individuals as self restraint or voluntary curtailment of their own per-
sonal opportunities, or in an ideological apparatus of consensus formation,
moral shaming, religious reverence, etc. or, as the last line of defense, in the
form of a centralized apparatus of organized force, exclusion entails a social
cost.

Furthermore, viewing exclusion as effective or economic ownership sug-
gests, correctly, not only that the ability to exclude is subject to the set
of productive possibilities of a society and that it requires society to allo-
cate a portion of its productive wealth ex professo to the unproductive aim
of making exclusion effective in practice, but also that exclusion is gener-
ally exposed to social conditions in each place, time, and circumstance that
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may affect the cost-benefit calculus of individuals—i.e. the set of individual
“preferences,” “technological” possibilities, and “endowments” at their ini-
tial disposal, as well as the social forces facing them under the appearance
of “market prices,” “taxes,” “laws,” “ethical codes,” “aesthetic values,” and
any other factor that may limit the scope of their actions.

Thus, exclusion is not just the precondition of production, consumption,
and exchange in a market society. Exclusion is also the result of all of those
actions.

The prior discussion also suggests that exclusion should not be viewed
as the value of a binary variable: “You own” versus “You do not own.”
Instead, exclusion is better viewed as a point in a continuum: There are
multiple possible degrees of exclusion, as many as conditions (material or so-
cial) permit individuals to ultimately exercise private or exclusive ownership
in daily practice.

2.3 Results

Under the exclusion assumption, the material conditions above (N,W ) =
(3, 1) lead to very definite social conditions: There will be two nonowners,
excluded from wealth, and one single owner holding the one and only exist-
ing unit of wealth. Knowing this fact does not reduce the uncertainty about
which particular individuals will be nonowners and which one the owner.
But regardless of that, in this simple case, the social structure can be sum-
marized, as a straightforward “class balance of forces,” by the ratio 2 : 1
(“two proletarians versus one capitalist”), i.e. the odds that one randomly
selected individual will wind up with zero units of wealth versus the alterna-
tive. However, since we would like to consider more general cases (other than
one individual owning all the wealth at the exclusion of the rest), i.e. cases
where w > 1 and various distributional arrangements are possible, we should
instead look at the social structure as a probability distribution, namely the
distribution of wealth ownership by an individual, given the material and
social constraints stipulated in the assumptions above.

To start, take the population as fixed at three, N = 3. With a fixed N ,
the material conditions are completely described by total wealth W , since
changes in the index of productive power (w) can be directly traced back
to changes in W . The (social) assumption of exclusive ownership imposes
on one randomly chosen individual the probability px of appropriating x
units of available wealth, where x = 1, 2, . . . ,W , which we view now as a
random variable. In other words, x is the amount of wealth the individual
can appropriate, given the exclusion assumption and the material conditions
above.
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Increases in the amount of wealth available, W , expand the sample space
of the said probability distribution, i.e. they expand the range of possibilities
(or the freedom of the individuals) for social restructuring. Since all individ-
uals are assumed identical, then the probabilities of access to wealth must be
the same for every individual. For N = 3, this imposes a condition on the
sample space, Ωj, which determines completely the individual probabilities
for each value of j = W , namely Ωj+1 = Ωj +(j+1), where j indexes the sce-
nario, i.e. for Ωj, W = j. Remember that the sample space Ωj represents all
the possibilities of wealth allocation among the N individuals, given wealth.
With identical individuals, the probability assigned to each outcome in the
sample space of x (an amount of wealth the individual may appropriate)
must be the same for all individuals, which implies that the probability of
a single outcome (a certain, unique allocation of existing wealth W among
the individuals) must equal 1/Ω. To determine the probability of each event
(a certain value of the random variable x), all one needs to do is count the
number of outcomes that meet the condition of that event, e.g. x = 2 and
multiply that number times 1/Ω. The individual probabilities are implied by
the first assumption (identical individuals) and the level of wealth available,
W (or w, if N is allowed to vary).

An additional remark on this point may be necessary. The reason why
we are capable of defining exactly the social structure, although without at-
taching any particular result to particular individuals (since individuals are
equal and have equal chances), is because, on top of the material constraint
(W,N), we are imposing a binding social constraint that does not leave any-
thing undetermined (other than which individual gains and which individual
loses in the “game”). Lifting the exclusion assumption implies that we grant
the individuals the freedom to collectively decide whether or not to restruc-
ture their social interactions in ways that need not require exclusion—e.g.
by allowing collective ownership arrangements, partial or total. That would,
of course, be a different “game.”

Tables 1 and 2 below summarize the probability distributions, starting
from the initial scenario given above, with W = 1, followed by scenarios
ensuing from unit-increases in the amount of wealth available. Letting the
amount of wealth available vary from one to four units of wealth, 1 ≤ W ≤ 4,
the pattern of change is easy to spot.

A rapid visual inspection of these tables suggests that the probability
of one particular individual to concentrate wealth ownership at the others’
exclusion gets increasingly diluted as wealth increases. Note, for example,
that the probabilities that one given individual will end up with no wealth or,
alternatively, with all the wealth decreases monotonically as wealth increases:
{2/3, 1/2, 2/5, 1/3} and {1/3, 1/6, 1/10, 1/15}, respectively. Alternatively,
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W = 1 W = 2
x pi x pi
0 2/3 0 1/2
1 1/3 1 1/3

2 1/6

Table 1: W = 1, 2, for N = 3

W = 3 W = 4
x pi x pi
0 2/5 0 1/3
1 3/10 1 4/15
2 1/5 2 1/5
3 1/10 3 2/15

4 1/15

Table 2: W = 3, 4, for N = 3

one may observe how the probabilities about the median value of x increase
their weight.

The intuition is clear. One may, for example, think of individuals as
playing an “all-against-all” soccer game. The wider the separation between
the goal posts, the harder it will be for the goal keeper to protect her goal.
As a result, the number of goals each goalie will have to endure in a given
game will increase, in probability. To be sure, the pairwise balance of forces
among the individuals will remain constant, as the individuals are identical.
Thus, the chances are high that the individuals, being “identical,” will tie
the score, but the score can be tied at zeroes or at some larger number of
mutually inflicted goals. To use another analogy: We are referring here to
a sort of arms race among balanced rivals, but as the arms pile up on each
side, the harm the contenders can inflict on one another increases as each
one now offers more exposed flanks for the others to hit and more powerful
attack weapons with which to hit others.10

But visual inspection and intuition cannot settle the argument. As the
sample space of x expands, the pattern becomes more difficult to ascertain.
There is, perhaps, a direct logical or mathematical route to drive the point,
but relying on basic, familiar statistics to confirm our intuition seems like a

10It is precisely when existing social structures fail, and outright conflicts erupt, that
social life reverts to its more elemental material nature in ways visible to the naked eye.
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solid second best.
Again, as wealth increases, the sample spaces of our (discrete) probability

distributions expand by one unit each time. Remember that these probability
distributions are descriptive of the social structure of exclusion for different
given levels of wealth. To summarize the summaries, we now resort to the
simplest “moments” of these distributions, adjusted for the expanding sample
space. More specifically, three familiar statistics are reported:

1. the expected value (or “average”), E(x) = 1/W = w,

2. the range-adjusted expected value (or “range-adjusted average”), Ẽ(x) ≡
E(x)/R(x) = E(x)/W = E(x)/max(x), where R(.) denotes the range,
and

3. the coefficient of variation, i.e. the standard deviation as a ratio of the
expected value, CV(x) ≡ sd(x)/E(x).

Note that the coefficient of variation offers a fully “apples-to-apples”
comparable index of dispersion, independent of the wealth level, W , and—
therefore—of the sample space, Ωj.

How should we interpret this coefficient of variation? To get the intuition,
suppose we have two alternative casinos with the same number of players and
expected prize per player. Now, let one of the casinos do so by providing
a large number of small prizes to many winners whereas the other grants
one large prize to one winner and stiff monetary penalties to all other play-
ers. Clearly, the coefficient of variation of the former—more “egalitarian”
casino—will be low while that of the latter—the “winner-takes-all” casino—
will be higher. To sum this up: The larger the coefficient of variation of x
(the amount of wealth that an individual may appropriate), the greater the
inherent inequality imposed by the material and social constrains assumed
above. And vice versa.

The numerical experiment can now be expanded. Table 3 shows the ex-
pectation of x, its range-adjusted expectation, and its coefficient of variation
for 1 ≤ W ≤ 10. By assuming N = 3, the range-adjusted average is preserved
for all values of W .

Figure 1 shows the monotonically decreasing trajectory of the coefficient
of variation, CV(x), of the amount of wealth that a given individual can
appropriate, x, given the assumptions above.

The negative change in the coefficient of variation associated with a unit-
increase in wealth diminishes (the curve is convex to the origin). However,
historically, the increase in wealth tends to be geometric or exponential,
which suggests that, though not necessarily in a linear fashion, the decrease
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W E(x) Ẽ(x) CV (x)

1 1/3 1/3
√

2 ≈ 1.414

2 2/3 1/3
√

5/2 ≈ 1.118
3 1 1/3 1 = 1.000

4 4/3 1/3
√

7/2/2 ≈ 0.935

5 5/3 1/3 2/
√

5 ≈ 0.894

6 2 1/3
√

3/2 ≈ 0.866

7 7/3 1/3
√

5/7 ≈ 0.845

8 8/3 1/3
√

11/4 ≈ 0.829

9 3 1/3
√

2/3 ≈ 0.816

10 10/3 1/3
√

13/5/2 ≈ 0.806

Table 3: Summary statistics of the social structure of exclusion (individually
excludable wealth, x) under increasing wealth (1 ≤ W ≤ 10), for N = 3)

Figure 1: Coefficient of variation of individually excludable wealth, with
N = 3

in the coefficient of variation speeds up when wealth grows geometrically or
exponentially.

Up to this point, the main result can be stated as follows:

Result 1 With a given population, as society’s productive power or wealth
nonrivalry increases with its level of available wealth, the dispersion of the
amount of wealth that an individual may appropriate increases as well.

The increasing dispersion of individually excludable wealth reflects an
increasing stress on the social structure of exclusion. Said differently, the
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existing distribution of wealth ownership is pressed by the change in the
material conditions (increased nonrivalry) to reconfigure itself along more
egalitarian lines. Thus, it seems reasonable to induce that, if an existing po-
larized social distribution of wealth ownership is to be maintained in the face
of increasing nonrivalry, the portion of society’s productive power required
to prop up such skewed distribution must increase.

A few words to dispel a possible misunderstanding. At first sight, the
chief thesis of this essay appears to be contradictory. On the one hand, it
states that a higher productive power w implies greater nonrivalry, i.e. that it
is easier for individuals to “get” wealth. On the other hand, it states that the
greater nonrivalry resulting from increases in w implies that it is increasingly
costly for individuals to “get” wealth. This only appears to be a contradiction
because two very different meanings of the verb get are conflated. The first
“get” is premised on the possibility of sharing wealth—dispersing wealth
among all individuals uniformly. The second “get” is premised on the exact
opposite, i.e. on individual appropriation at the exclusion of others or—in
other words—on the concentration of wealth ownership, which is the opposite
to sharing it uniformly. It should be easy to see now that nonrivalry and
exclusion are, in fact, in an almost obvious sense, opposite “forces.”

This completes the discussion of the effects of wealth increases on the
social structure of exclusion, for a fixed population.

Consider now the effect of changes in the population, N . Using our tested
one-step-at-a-time approach, let N = 2 and N = 4, respectively, and consider
the implications for the social structure of exclusion, as summarized by the
probability distributions. It is, of course, possible to allow the population
to increase beyond N = 4, but it is not clear that much is to be gained
by doing this. For one, the ensuing social complexity compounds rapidly.
More specifically, as the population increases, the combinatorial rule that
determines the sample space Ωj explodes. For N = 2, the rule is simply:
Ωj+1 = Ωj + 1. In contrast, for N = 4, it is Ωj+1 = 2Ωj − Ωj−1 + (j + 1).
Tables 4-7, summarizing the distributions for 1 ≤ W ≤ 4, seem sufficient to
establish the general pattern of change:

W = 1 W = 2
x pi x pi
0 1/2 0 1/3
1 1/2 1 1/3

2 1/3

Table 4: W = 1, 2, for N = 2
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W = 3 W = 4
x pi x pi
0 1/4 0 1/5
1 1/4 1 1/5
2 1/4 2 1/5
3 1/4 3 1/5

4 1/5

Table 5: W = 3, 4, for N = 2

W = 1 W = 2
x pi x pi
0 3/4 0 3/5
1 1/4 1 3/10

2 1/10

Table 6: W = 1 and W = 2, for N = 4

W = 3 W = 4
x pi x pi
0 1/2 0 3/7
1 3/10 1 2/7
2 3/20 2 6/35
3 1/20 3 3/35

4 1/35

Table 7: W = 3 and W = 4, for N = 4

Again, the visual inspection of the tables suggests that, with either two or
four individuals, the probability that one of them will be either totally rich or
totally poor decreases steadily as wealth increases. It is not surprising that
Result 1 is essentially unaffected by a varying population. Table 8 shows the
range-adjusted expectation and the coefficient of variation for 1 < W < 4
and N = 2 and N = 4, respectively.

When considering changes in the population, one must be careful not to
take W , but rather w = W/N , as the proper index of wealth nonrivalry. The
changes in w, cannot be traced to changes in W alone, since N is also allowed
to change. Thus, for a proper comparison of the coefficient of variation across
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W E(x) Ẽ(x) CV (x)
N = 2
1 1/2 1/2 1 = 1.000000

2 1 1/2
√

2/3 ≈ 0.816497

3 3/2 1/2
√

5/3 ≈ 0.745356

4 2 1/2
√

2/2 ≈ 0.707107
N = 4

1 1/4 1/4
√

3 ≈ 1.732051

2 1/2 1/4 2
√

9/20 ≈ 1.341641

3 3/4 1/4
√

7/5 ≈ 1.183216

4 1 1/4
√

6/5 ≈ 1.095445

Table 8: Summary statistics of the social structure of exclusion (individually
excludable wealth, x) under increasing wealth (1 ≤ W ≤ 4), for N = 2 and
N = 4)

populations levels, take W = 2 for N = 2, W = 3 for N = 3, and W = 4 for
N = 4, so the index of wealth nonrivalry w = E(x) stays constant.

Finally, figure 2 shows that if the population is larger, the variation in
individually excludable wealth is higher at first, but it drops faster as wealth
(and wealth nonrivalry) increases, while if the population is smaller, the
variation in individually excludable wealth is lower at first, but it declines
more gently as wealth and nonrivalry increase.

Figure 2: Coefficient of variation of individually excludable wealth, with
N = 2, 3, 4

Thus, clearly:

17



Result 2 For a given degree of wealth nonrivalry w, the larger the popula-
tion, the greater the coefficient of variation of x, i.e. the greater the dispersion
of individually excludable wealth.

In sum, societies with a larger population allow for a greater inequality
in wealth ownership distribution. With a given index of wealth nonrivalry
w = E(x), a larger population entails a larger dispersion in distributional
outcomes and, with it, less pressure on the social structure of exclusion to-
wards greater equity. This result is due to the fact that, for a given level of
total available wealth W , a larger population translates into greater wealth
rivalry.

Before concluding this section, let us ask: How sensitive is the model to
lifting the identical-individuals assumption? Let us reason this step by step.

Clearly, the assumption of identical individuals is not “realistic.” In no
society are individuals ever identical and equidistant from wealth. At any
chosen onset, individuals start already endowed (by nature or prior history)
with physical wealth and bodily attributes that make them more or less fit
in the social struggle to appropriate additional wealth.11 The important
question here is, which assumption better helps us to advance our basic un-
derstanding of the matter without unnecessary costs in analytical complexity.

Also important is the precise reason why the identical-individuals as-
sumption may affect the results of the model. The framework in this essay
does not postulate the alternative values of W or N as changes happening
over time. There is no dynamics in the model. At this simple stage, they
are viewed as alternative, disjoint hypothetical scenarios. If we view them
as sequential points in time (or, alternatively, as sequential periods of time),
then one must view the social “game” of appropriation as being played out
at each instant in continuous time (or over discrete periods of time). In that
case, some initial value of x plus a dynamic law of motion, i.e. a differential
(or difference) equation, relating the value of individually excludable wealth
at each point in time x(t) (or for each period of time xt) to the rate of change
of x, ẋ ≡ dx/dt (or its difference, ∆xt = xt − xt−1), as well as—perhaps—
other conditions, would allow us to trace out its time path. Clearly, the
law of motion of x could thus enhance or reduce the autonomy of the social
structure with respect to the material conditions.

11It is interesting to note that Smith (1776, [13]) regarded individual “natural” differ-
ences as, “in reality, much less than we are aware of,” and to the extent they were large,
mainly as the result of the “division of labor”: “The difference between the most dissimilar
characters, between a philosopher and a common street porter, for example, seems to arise
not so much from nature as from habit, custom, and education.” Smith (1776, [13]), book
I, chapter 2.
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In fact, since the social structure of a modern society is, in fact, a com-
plex ensemble of layered social structures, this relates to the ability of indi-
viduals to continuously or periodically reconfigure these social structures to
make them conform better to the conditions afforded by the existing level
of wealth nonrivalry. The existence of a complex, layered array of relatively
autonomous social structures creates several layers of social inertia. Being
human-made, all social structures are ultimately subject to change by col-
lective human agency, but each social structure may offer varying degrees
of resistance; and change in the most hardened structures may entail prior
changes in the softer structures.

For example, social structures of an ideological (e.g. a certain belief or
fad), aesthetic (e.g. a fashion), and ethical (e.g. a given moral norm) charac-
ter may be easiest to modify as individuals persist in altering their behavior,
and the outcomes of these individual changes in behavior mount and aggre-
gate. The cost of changing one’s behavior may be lowest in these realms.
However, altering structures of a political (e.g. an entrenched “balance of
forces”) and legal nature (e.g. specific state policies, laws, and constitutional
arrangements) may require overcoming larger obstacles. In turn, a “criti-
cal mass” of coherent, organized, and pointed political and legal “forces”
may be required to shift more or less permanently heavier economic struc-
tures, i.e. to shift the cost-and-benefit conditions constraining the produc-
tion, transfer, sharing or exclusion, and ultimate consumption of wealth by
and among individuals. As the misalignment among these various layers of
the social order with one another—and between them all and the conditions
of wealth nonrivalry—persists, the necessity of social change will manifest
in an increasing waste of society’s productive power, thus making the neces-
sary social adjustments more urgent and perhaps more disruptive and even
explosive.

This discussion suggests that the key issue to explore in further work
is, viewing things dynamically, the relative autonomy of the various layers
of the social structure with respect to each other and with respect to the
material conditions (chiefly, the degree of wealth nonrivalry). However, in
the framework used in this essay, assuming differently endowed individuals at
the onset would only make a difference for the particular scenario in question,
i.e. it would alter the probability distribution of the individually excludable
wealth, but the outcome of the “game” under this scenario would not carry
over to the other scenarios, thus limiting its effect on the results.

One additional note on individual diversity. The notion that it is possi-
ble to separate “inequality of opportunities” from “inequality of outcomes”
is disingenuous. Today’s opportunities are yesterday’s outcomes, and tomor-
row’s opportunities are today’s outcomes. Whether individual differences,
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large or small, should exist is a moot point. The real issue is whether
individual differences, inborn or acquired, should be used to establish so-
cial hierarchies. Whether racial differences should be eliminated (say, by
mixed breeding) is irrelevant and even odious to discuss. The important
issue is whether racial, skin-color, sexual preferences, and other physical or
culturally-acquired differences among individuals should be used as a basis
for society to turn some of them into slaves or discriminate against them
under the law or hold prejudices against them. Similarly, the biological, re-
productive differences between men and women are not in question. The
real question is whether these reproductive differences should be the basis
for gender exploitation. And something similar could be said about other
physical characteristics of individuals as they may affect their productive
performance, e.g. inborn predisposition for certain mental or physical tasks.
What turns individual differences into a social cleavage is the differential
access to wealth.

3 Concluding remarks

In a strict material sense, a group of individual humans struggling to ap-
propriate wealth is not essentially different from—say—a pack of wolves
scrabbling over a hunted pray. The difference lies in that the rules of the
social “game” humans play are much more involved, sophisticated in ap-
pearance, than those of other animals. Clearly, humans have overlaid an
enormous and growing social superstructure “on top of” the material condi-
tions. This formidable superstructure (laws, political processes, moral codes,
aesthetic values, etc.) appears to be the result of a co-evolution or—perhaps
more adroitly—a veritable arms race between owners and nonowners in their
struggle to appropriate wealth. “The history of humanity is the history of the
class struggle,” wrote Marx and Engels (1848, [14]), a claim that continues
to have resonance in our times.

In fact, the existence and expansion of this superstructure is an illus-
tration of this fact: Its very existence is costly to society. And it’s largely
an apparatus built for no other reason than to regulate our unequal access
to wealth and to rationalize such inequality. Laws, all laws, as they are
created, altered, or repealed, entail ipso facto a redistribution of “rights”
(and, therefore, of “obligations”), and—necessarily—every “right” is, lastly,
a claim over economic resources, i.e. over a given portion of society’s produc-
tive power. A “right” that does not establish a claim or “entitlement” (to
use a denigrated term) over society’s resources is meaningless. For a given
distribution of wealth ownership, the more the material conditions favor eq-
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uity, the greater the social cost required to maintain this superstructure, the
smaller the portion of society’s productive force that can be devoted to the
further expansion of the productive force, i.e. to the enhancement of our
humanity.

To the extent our reproduction as human individuals has become more
“round-about,” to use Young’s (1928, [15]) felicitous term describing the ever
lengthening of the productive chain mediating the making of final consumable
wealth (i.e. the fact that producing consumptive physical wealth requires the
production of productive inputs whose production requires other productive
inputs, so on and so forth), the appropriation of wealth has acquired a sort
of schyzophrenic character:

Society’s productive power can only increase if productive wealth is shared,
or used jointly or collectively in production, in space and/or time. The de-
termination of scale economies proper is impossible, as productive inputs
are never entirely identical and, thus, cannot be multiplied in tandem. In-
creases in average productivity (driven by positive marginal productivity)
are the dual of average cost reductions (resulting from negative marginal
costs). And costs can only decline when a given nonreplicable productive
input (means of production) must be shared by more producers, and this is
only possible to the extent the productive input remains nonrival.

The nonrivalry of one unit of productive input depends, in space, on its
quantity (continuous wealth) or size (discrete wealth), and, in time, on its life
length or durability. Thus a bigger or more durable machine can be shared
by more producers to assist them in producing wealth. As more producers
use the machine at once or, alternatively, as one or more producers use the
machine for a longer period of time, the unit cost declines as a result of the
positive marginal product of the next producer. However, this process cannot
go ad infinitum, since any and all wealth is physical, i.e. finite in space and
time. At some point, the machine gets too crowded, and marginal produc-
tivity decreases to the point where the cost of the variable input makes the
further sharing of the machine uneconomical. At some point, all productive
wealth becomes rival, subtractable, or depletable.12 The rivalry of produc-

12“Digital goods,” absolutely nonrival goods, as Quah (2003, [16]) defines them, cannot
exist. “Immaterial labor,” as characterized by Hardt and Negri (2009, [17]), is impossible.
“Knowledge-based” goods (Foray, 1998, [18]), “information goods,” etc. are all physical
goods. Ideas, knowledge, information, digits, etc. do not exist in a Platonic world. All
goods are physical in their form, and also—from the first sharpened flint used by our
primitive ancestors to the most sophisticated electronic devices today—all of them are
ideal or “immaterial” in their content (and, hence, in some manner, reducible to digits).
However, they must be physical in their form—and, hence, rival when Friedman’s “law
of variable proportions” makes their marginal productivity decline (i.e. their marginal
cost increase). All reproducible wealth embodies a human purpose, design, or idea. All
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tive wealth manifests itself in the decreasing marginal productivity of labor
power, or—said differently—its increasing marginal cost. Friedman (1960,
[19]) referred to this very phenomenon as the “law of variable proportions.”

In any case, wealth owners would not be able to maintain, let alone
expand, their wealth holdings without sharing their productive wealth with
producers who do not fully own these wealth holdings, but can only use
them in production. It is the social institution of private ownership that
allows them to share excluded productive wealth pro tempore, in exchange
for a wage or salary, with the ownership of the resulting product claimed by
the owner of the physical productive wealth at the exclusion of the direct
producer. This fact is what Marx called exploitation.

Immediate personal consumption, on the other hand, if exclusion is to
mean anything, must remain at arms length from the masses of nonowners. In
the last analysis, exclusion is exclusion from the ultimate use or consumption
of wealth. The public provision of certain forms of wealth (“public goods,”
in the more informal sense of the term) represents a sort of inroad into the
tight exclusion of crucial consumptive wealth (e.g. schools, medical facilities,
urban infrastructure, etc.). This is why the public provision of these forms of
wealth remains constantly under threat, particularly as these forms of wealth
require labor services subject to the so-called Baumol’s “cost disease.”13 Also,
the development of finance allows, from time to time, individuals from the
non-owning population to access levels of consumption above those they may
be able to sustain otherwise, though at a high personal cost, especially in
times of high unemployment. Though, collectively, the nonowners are to
be kept away from access to consumptive wealth. Since the reproduction
of consumptive wealth depends on the production and reproduction of the
intermediate links of the reproductive chain, the nonowners cannot truly
share in the total wealth of society without appropriating the entirety of the
conditions and results of production.

Again, the conclusion that follows from the simulation exercise above is
that, as the productive power increases, the “principle” of exclusion (or pri-
vate ownership) as a regulator of social interactions faces increasingly tough

labor is immaterial in that it is subjective activity, yet it must exist objectively as the
physical activity of human bodies extended by the artificial limbs of physical wealth. This
is not a new trait of modern societies. What is new today is the ability—through our
refined production methods and use of advanced machinery, devices, and other physical
objects—to store, transmit, retrieve, replicate, and manipulate enormous masses of ideal
content or “information” (shareable knowledge), which is the distinguishing attribute of all
human labor. Physical wealth and human bodies are the physical media in which human
consciousness necessarily resides.

13See Baumol (1993, [20]).
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odds. Fortunately, the development of society’s productive powers enhances
the scope for individuals to deliberately redesign and remake their social
order on the basis of their highest human values.
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