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-
fy social actions.  In the 19th century, Darwinian

distributions.  In more recent times, complexity 

of social inequities. We focus particularly on

and social measures tend toward a power or 

number of people with medium wealth, and an 
-

this subdiscipline of complexity has taken on 

-

that unequal distribution of wealth follows a
natural law, these prescriptions propose that we 

distributions as a case-study in complexity the-

naturalistic fallacy as a means by which scien-

from empirical foundations, and; 3. to examine 
the role of free-will in the context of natural law 

that: 1. there are many exceptions of systems
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distribution of resources; there is no moral or

Introduction: The POLO distribution

Pthat a complex, social parameter - individual 

-
en the former is simply a particular case of the latter, 

pop wer or lo

have been subsequently found to describe a wide 
-

ton, 1879; Limpert, et al., 2001; Hamada, 2004), 

cities (Zipf, 1949; Eeckhout, 2004).  These patterns 
-

cal, and astronomical systems (Preston, 1948; May, 

-

et al., 2000; Li, et al., 2004;

In recent years, the POLO distribution has
been elevated from a purely descriptive observation

-

2005).  In brief, the POLO abundance distribution 
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appears to act as a ‘pattern attractor’, an archetype to 
which complex systems tend in the absence of coun-

already possessed) and in inverse proportion to the 

may be a function of spatial separation but need 

 et 
al., 2005).  To illustrate the nature of POLO distri-

we consider the distributions of land, people, and 

Exemplars of the POLO distribution: Land and 
population distributions

peoples of the world should approximate a POLO 
pattern, if unconstrained.  The amount of land 

expression of resources. Countries have been his-

-

to 1990 (see Table 1), a fact which may be related to a 

Nations or a shift of power from countries to multi-
national corporations), the next decades will likely 

resource, particularly with the present population 
explosion, and our analysis revealed that population 
distribution approximates the POLO pattern better 

-

nations.  It also conforms to the prediction that small 
departures from the POLO (due to historical ac-
cidents or acts of human free will) tend to decrease 

Economic resource distributions among companies
The pattern shown by nations may become increas-

for power and resource distribution shifts to multi-
-

et al. (1995) found that 
sales, as well as other economic parameters, almost 

-
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 Size distribution of (a) nations in the world and (b) states and territories in the USA. Chi2/n values 
for these are given in Table 1.

Parameter 1960 1990

World, all nations

n units 191

Population

n units 57

Population

n units 50 50

Population 0.27 0.13

 Distance from the lognormal in the abundance distribution of land area and population controlled by 
nation-states.  NB Distance expressed as chi2/n for the distribution including 0s at both ends. Asterisks indicate 

n

(a)

(b)
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by social rules or ethical considerations.  We found 
that the pattern of resources (wealth represented by 

-
-

Applications of resource distributions
-

Hamer, 1998; Kevan, 1999).  More worrisome ap-

that departure from a POLO distribution of human 

War and World Wars I and II.  He stopped short of 

implications were apparent.  More recently, however, 
the POLO distribution has been used to derive and 
defend social prescriptions of unequal wealth (Pres-
ton, 1950) and private vs. public transport systems 

forceful statements of universality of POLO patterns 

is no escape from such patterns.

The naturalistic fallacy: ‘Is’ implies ‘ought’
An historical perspective

Menand (2001) provides an excellent over-
view of the way in which science was used 
to formulate and justify moral positions 

in the 19th century.  In 1800, probability theory and 
Law 

of Errors, made famous by Pierre-Simon Laplace.  

-
place saw no reason to limit this approach to physical 
data.  He proposed that the Law of Errors could be 

human behavior.

-

-

“errors.”  The Law of Errors, he maintained, provided 

called his new science, “social physics.”

The appeal of statistics was that it revealed 
an order beneath what had appeared to be random-
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ness.  Even if individuals were unpredictable, their 

in the 19th century, this desire for order - a hope that 
appears to motivate modern scientists, even those 

role in the acceptance of evolution.  Darwin proposed 
natural selection as an orderly process that sorted 

of approval’ that provided the moral foundation for 
the political doctrines of individualism and laissez 
fair capitalism.  Free markets, like unfettered natural 
systems, would not devolve into anarchy, as some 

optimal pattern would not just be understandable in 
terms of science, it would be morally virtuous.

This leap from science to ethics was per-
haps most powerfully expressed by Thomas Henry 

was unnecessary.  White people did not need a so-
cial institution to do that which natural law made 
inevitable.  He maintained that the “laws of social 

-

behavior to deterministic formulae.

The conceptual move from science (a de-

nature of physical existence) to ethics (a normative 

virtue and duty) was the fundamental transition 
that has been most recently termed the naturalistic 
fallacy.  However, the more fundamental problem 
- that one cannot validly derive a conclusion about 

th century by David 

-

precisely the problem.

From ‘is’ to ‘ought’ in complexity

would want to see more equality, extreme taxation 

“Perhaps, indeed, we ought not to try to change it [the 
lognormal distribution of wealth]. It is not always wise 
to try to change the laws of nature. Success does not 
usually attend such attempts, and if success is only 
to be expected when all life has ceased and nothing 
moves any longer in the economic system, we should 
hardly welcome the success. We might do far better to 
try to understand the law, and the causes that bring it 
about, than to try to change it out of indignation and 
without understanding.”

et al. (1988) explained 

(1997) then moved from description to prescrip-
tion:

“Maybe Greenspan and Marx are wrong.  The most 
robust state for an economy could be the decentralized 
self-organized critical state of capitalistic econom-

a nuisance (in particular if it hits you), but that is the 
best we can do! The self-organized critical state with 

is the best state that is dynamically achievable.”

the forceful beliefs which have led the International 

have maintained or increased inequality, human 

conceptual leap shows how complexity theory can be 
used to endorse a normative position.  Such a move 

extinctions) as well as to dynamic stability.  Scientists 

normativity.

et al. 

-

loop of human systems, but consistently refers to 

et al.’s (2000) report 

-
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is that it “be dynamic and prescriptive, not static and 
descriptive” (emphasis added).

-

from mathematical models.  Economic development 
and wealth distribution are not simply understood in 
terms of the adaptive cycle and POLO distributions, 
but the fundamental processes have a modern-day 
‘cosmic seal of approval’ conferred by conformation 

consider them to be ‘the best achievable’ outcomes, 

Natural laws and ethical principles
Whether the move from description to prescription 
is defensible depends on the resolution of positivist 

who refers to this approach as empirical ethics.  In 
Sociobiology 

(

even further in Consilience (Wilson, 1998), wherein 
he maintains that the natural sciences will provide 
the foundation for all human interpretations of the 

-

However, even if the empiricists are correct 
- and there is plenty of reason to contend otherwise 

rules of human nature actually compel a transcen-

beyond the limits of materialistic explanation and 

to think and act outside of the rules that constrain 

There are other philosophical concerns with 
Principia 

Ethica, Moore (1903) built on Hume’s earlier analysis 

explicated what we know as the naturalistic fallacy.  

showed that one cannot extract ethical principles 

(1890) contention that to act morally is to act freely, 

ethical behavior.  Indeed, many and perhaps most 
modern philosophers advocate some form of tran-
scendental ethics in which morality may be informed 
by, but is not reducible to, material facts.

Thus, the natural laws that lead to particular 

they exist.  This naturalistic fallacy is particularly 
-

et al., 2000) and other systems of environ-
mental philosophy ascribe intrinsic value to nature.  
Hence, it is a small, but problematic, step to conclude 
that what is natural - a POLO distribution, for in-

th century, the study 
of natural history was linked to Christian values via 
the connection between the creation and the Creator 

Darwinists applied natural selection to justify how 

abound in this context; see Devall & Sessions, 1985) 

as a foundation on which socio-economic prescrip-
tions derived from Darwinism and complex systems 
are advocated.

However, even the staunch ethical tran-
scendentalist must take seriously at least the central 
notion of the ethical empiricist: What ‘is’ (or more 

an act then we cannot be morally compelled to do so.  

from a POLO distribution of resources, then there is 

-
ment.
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The naturalistic constraint: ‘Ought’ 
implies ‘can’
Can we escape natural ‘law’?

Natural laws are more properly called ‘forces’ 

laws describe the mechanisms that push 
or pull a system toward a particular condition or 
outcome, but forces can be counteracted by other 

-

there is no dispensation,” and this sentiment per-

Such assertions can result in ethical fatalism.  

-

Consider a better known force and the absurd 

position.  However, most of the time we counteract 

-

immoral waste of human potential.  Indeed, there 
are many examples of natural systems which push 

the development of appropriate rules.  Such qualita-

exceptions.

not without cost.  There is a ‘price’ to pay for defy-

other than the POLO.  However, in many cases we 

We can choose to deviate from a POLO distribution 

Furthermore, social resources such as education, 
transportation, and medicine have been variously 
disconnected from a POLO distribution of wealth.  

th century it became possible, in at 
least some countries, to learn, move about, and 
remain healthy independent - or nearly so - of 

societal values of many industrial nations has led to 

Should we escape the natural law of POLO?
The law of complex system structure (resource at-
traction) tells us that in the absence of countermand-

unequal (more POLO) distribution of wealth (Halloy, 

capitalism is a passive economic system; even the 

-
-

tice would seem most appropriate to consider.  There 

and comprehensible.  In essence, he contends that 
to decide what is fair, one should act in a manner 

select that course of action that is most just, because 

likely to be that of any one of the affected individuals.  
It seems that most people, if placed behind the veil, 
would not choose a POLO distribution of wealth, 

We would hasten to note that the ‘natural’ 
or POLO distribution is not inherently or necessarily 
immoral for all resources.  Many non-vital resources 
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can be justly allocated in this manner.  For example, 

entirely fair for a few people to own most of the rap 
music CDs, while many people own few, and most 
people own none.

So why do many people seem to accept, even 

question, which deserves a treatise in itself.  How-
ever, in the words of Mary Wollstonecraft, a 19th cen-
tury feminist philosopher, “Most of the evils of life 
arise from a desire of present enjoyment that outruns 

-

source of happiness, 2) one’s own wealth is unrelated 

our apparent preference for POLO distributions of 
resources is rooted in the work of the existentialist 

(Kaufman, 1988; Cooper, 1999; Marino, 2004).  The 
central and relevant concept that they offered in the 

-

laws, forces and dictates lies in the contention that 
western culture has fallen into a slave morality.  Many 

-
tutions and their ‘truths’ are human constructs, not 
objective, eternal, mind-independent realities.  Exis-
tentialists contend that while we may be constrained 
by our condition (these philosophers differ in terms 
of the extent to which they believe we are limited 

we respond to the world.  They call upon humans 
to become masters of their own condition - to act 

reason.

-

-

POLO distribution, the existentialists would contend 
that they have not wrestled with the essential ques-

pawns whose moves are dictated by vacuous rules 

-

Conclusions
-
-

dencies continue to unite people around 
the world, it may be reasonable to propose that the 

st

century will be the just distribution of resources on 

-

-

-

-

-
ity theory to normative claims.  We know of no 
counter-examples (i.e., subdisciplines whose inves-

-

laws.
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No scientist would doubt that natural laws 
and forces are a reality, but nor should any of us make 

The reality of human freedom and social will are as 

to the terms of physical determinism, we come to 

the POLO is a natural law, the resultant pattern is 
not inevitable.  Human societies have the choice of 

resources.
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Notes
-

normal distributions are not mathematically the 
same. Halloy’s (1998 and subsequent) use of the 
POLO concept is necessary to convey the notion that 
these two mathematical constructs are very close 

-

(Perline, 2005). The POLO concept thus becomes 
essential to show that natural phenomena never ex-

-

distribution is one as opposed to the other (and then 

distributions. 

around the perception that we can capture a snap-

a curve. This approach led to claims of universality 

et al. -
normals (Limpert, et al., 2001). This relatively recent 

1942; Hutchinson, 1953; Nobuhara & Numata, 
1954; Limpert, et al.

are two aspects of natural systems which are poorly 
-

tems are dynamic; their distributions are constantly 

The key consequence of point 1 is that in-

this is done with unconstrained natural systems (and 

away from it (Halloy, 1999). The key consequence of 
point 2 is that power functions may transform into 

distributions, in their enthusiasm for demonstrat-

the mechanistic explanation of power distributions. 

tails of the distributions. In many cases, the power 
exponent has been calculated explicitly eliminat-

-
peated the limitations of a ‘universal’ conception of 
power applications to natural curves, particularly in 
view of the approximation to various other models 

kinds of distributions that we observe.”

obtained from Hammond’s World Atlas (Hammond, 
Times Atlas of the World

-
tories and other dependencies were lumped with the 

with the theoretical notion of an attractor (Halloy, 
1998, 1999), we are not concerned with whether a 
distribution is or is not POLO in the classic statistical 

we measure its distance from the POLO pattern 
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L) is expressed as the sum 
of squares of the differences between the actual fre-

L = chi2 n).  Chi2 n values 

are calculated with 0s at both ends.  For truncated 
2 n is 

calculated with 0s at the top end only

-
cally deterministic or random pattern.  In contrast to 

political constraints may be severe within nations.  

of states were determined once in history and have 
-

2b, Table 1).
2 n

However, on a population base, the trend is quite 
different. Indeed, the freedom and ability of popu-

has decreased its chi2 n
to 0.13 in 1990.

-

-

state. Thus, the conscious decision to distribute po-
litical power - at least in part - in a manner unrelated 

other subsidiary measures ensure that boundaries of 

maintains an army).
-

timately unable to maintain a consistent ethical 
empiricism when the issues are intimately related to 

diversity.  In Biophilia

and then makes an ethical plea for humans to reverse 
-

that stretches his earlier notion of empirical ethics.  

never fully develops.

law is meant as a rule that cannot be broken without 

to break the law is open to question.  Henry David 
Thoreau’s Civil disobedience (1849) is an impas-

when obedience would be immoral (in Thoreau’s 

implicated in a ‘dispensation’ of a natural law.  Liv-

violate the law that all closed natural systems should 
increase in entropy with time.  In fact, however, 
the apparent escape from natural law is achieved 

as lower prices are achieved at the expense of lower 

scale dependent, in space, time, number and type of 

as to the outcome of decisions is one of the reasons 
why economists have often tried to simplify human 

-

-

reversions are set into motion when the level of 

labor) for the rich, but become a burden to them 
and material production.  This condition typically 

other adverse socio-economic effects.
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drives our consumerism as well as our tremendous 

-
tioned earlier, empiricism can and should inform, 

-

Since 1984, New Zealand has tested this hypothesis 

see also Collins 1987).  Furthermore, New Zealand’s 

prior to 1984) and has been almost static for 8 years 

-

as with New Zealand, the increase in total poverty 

drive itself with simple, unconstrained, internal 
interactions, and should therefore lead toward an 

it is claimed to lead (but hasn’t) to better national, 
economic performance, it surely leads to an increase 

-

absolute equality is theoretically unachievable), but 
-

economy.  Collins (1987) asked the question in 

“can a society be dynamic and diverse but not un-

with both pure POLO and perfectly uniform distri-

Stephan Halloy is currently coordinator of the Post-

works and teaches on complex systems approaches to 

with WWF, Conservation International and Crop & 
Food Research (New Zealand) in evaluation of infra-

social-environmental and economic development, 
-

and wealth distribution. He has studied temporal and 

to novel mathematical descriptions of such patterns 
both for natural and human systems. The results of 

other reports and extension articles.

 is a professor of natural sci-

where he holds appointments in the departments 

His current work is conducted at the interface be-

the humanities (philosophy, literature, art, history, 

-

published in two collections of essays, a popular 

Orion and Wild Earth. -

courses in environmental and natural resource ethics 

the Journal of Insect Conservation and the Journal of 
Agricultural and Environmental Ethics.


