
 



 

 

 

 

 

 

The Economics of 

Needs and Limits 

2nd Edition 

 



 



 

 

 

 

The Economics of 

Needs and Limits 

2nd Edition 

 

FRANK ROTERING 

 

 

 

 

 



 
Copyright © 2013 Frank Rotering 

 

 

This work is licensed under the  

Creative Commons Attribution-NonCommercial-NoDerivs  

3.0 Unported License. 

 

To view a copy of this license, visit 

http://creativecommons.org/licenses/by-nc-nd/3.0/  

or send a letter to Creative Commons, 444 Castro Street, Suite 900, 

Mountain View, California, 94041, USA. 

 

 

Under this licensing designation, you are free to copy, distribute, and 

transmit this work, or any part of this work, as long as you abide by the 

following conditions: 

 

• You must attribute the work to the author (but not in any way 

that suggests that they endorse you or your use of the work). 

• You may not use this work for commercial purposes. 

• You may not alter, transform, or build upon this work. 

 

Any of the above conditions can be waived if you receive prior permission 

from the copyright holder.  Where the work, or any of its elements, is 

placed in the public domain under applicable law, that status is in no way 

affected by this license. 

 

 

 

 

ISBN: 978-0-9783459-6-9 

 

 

 

 

 

 

Main text printed in 9.5 point Palatino Linotype 

 



 

 

 

 

 

 

 

 

 

 

 

 

Contents 
 

 

Preface   ...............................................................................  vii 

Chapter 1: The ENL Framework   ...............................   1 

Chapter 2: Consumption and Value   .......................   21 

Chapter 3: Production and Cost   ..............................   55 

Chapter 4: Maximizing Gains   ..................................   93 

Chapter 5: Environmental Limits   ..........................   121 

Chapter 6: Population   .............................................   157 

Chapter 7: Labor Productivity   ...............................   167 

Chapter 8: Trade   ......................................................   187 

Chapter 9: Reversing Overshoot  ............................   205 

Chapter 10: Contractionary Economics  ...................   225 

Appendix A: ENL Glossary   .......................................   235 

Appendix B: Physical Health Index ...........................   245 

Index   ................................................................................   251 

 



 

 



/  vii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preface 
 

 

 

Humankind's economic activities have driven the biosphere into 

overshoot, thereby threatening life on Earth.  The root cause of this 

catastrophe is the economic logic of capitalism, which generates economic 

outcomes based on the market interactions of corporate profits and 

manipulated consumer desires.  Although a modified version of this logic 

can be useful for economic coordination, it cannot be permitted to guide 

an economy's activities because this creates a dependence on economic 

growth and severely restricts the improvement of ecological efficiencies.  

The inevitable result is a system that becomes ecocidal as soon as 

environmental limits are encountered.  My book Contractionary Revolution 

thus concludes that capitalist logic must be quickly replaced by the logic of 

sustainable well-being. 

In a progressive context this logic is a conceptual framework that 

permits analysts to determine rational targets for output quantities, 

resource utilization rates, waste flow rates, and the population level.  My 

proposal for this logic is the Economics of Needs and Limits, or ENL.  A 

synopsis of ENL is provided in Contractionary Revolution.  The present 

book is my full treatment of this subject. 
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I say "progressive context" above because ENL implies extensive state 

participation in the economy to establish and monitor economic outcomes.  

A conservative society, even if it chooses contractionism for ecological 

reasons, will likely want to minimize such participation, and will thus seek 

to minimize ENL's involvement.  In chapter 10 I briefly discuss how this 

might be accomplished. 

The Economics of Needs and Limits is intended for those who want to 

understand ENL in detail, and particularly those who want to assist in its 

improvement.  The framework is the product of over fifteen years of 

isolated thought, and as John Maynard Keynes once noted, "It is 

astonishing what foolish things one can temporarily believe if one thinks 

too long alone, particularly in economics …".1  If you find errors, 

inconsistencies, or areas where clarification or elaboration is required, 

please contact me through my website (see below). 

 

The book is organized as follows: 

 

Chapter 1 (The ENL Framework) discusses some general attributes of 

ENL, including its ethical stance and its approaches to analysis and 

quantification. 

 

Chapter 2 (Consumption and Value) initiates the technical treatment of 

ENL.  The first topic is consumption because this is the economy’s ultimate 

purpose.  

 

Chapter 3 (Production and Cost) covers production, which makes 

consumption possible. 

 

Chapter 4 (Maximizing Gains) is the first of three chapters that address 

ENL’s core analytical tools.  The topic here is the maximization of health 

for the current population, without regard to environmental limits. 

 

Chapter 5 (Environmental Limits) modifies the tentative conclusions of 

chapter four by taking environmental limits into account. 

 

Chapter 6 (Population) establishes an economy's rational population 

level, thereby completing ENL’s analytical core. 

 

Chapter 7 (Labor Productivity) discusses the factors that bear on the 

productivity of labor.  Standard thought insists that this should be 

maximized, whereas ENL concludes that it should be optimized. 
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Chapter 8 (Trade) deals with imports and exports.  The analytical 

approach suggested here is based on the logic of allocation rather than 

comparative advantage. 

 

Chapter 9 (Reversing Overshoot) offers a model to help analyze the 

ecological crisis, and considers how ENL's concepts can be used both to 

reverse overshoot and to manage ecological collapse should this occur. 

 

Chapter 10 (Contractionary Economics) examines the integration of 

ENL with components of current economic thought to form a 

comprehensive theory called contractionary economics. 

 

The book includes two appendixes: a glossary and a proposed 

physical health index for measurement purposes. 

 

I would like to thank an anonymous reviewer who spent many hours 

considering the economic ideas in this book and offering me his insightful 

feedback. 

I apologize for any quotations that employ the sexist language of the 

past, particularly the words "man" and "mankind" for "humankind".  I 

have left these quotations in their original form, but it pains me that some 

of history's most eloquent expressions are marred by this deep-rooted 

sexism. 

Finally, I refer to countries as "rich" and "poor" because these words 

are short and convenient.  I recognize that it would be more accurate to 

call them the "over-consuming" and "under-consuming" countries, or 

possibly the "exploiting" and "exploited" countries.  I trust you will make 

the appropriate mental adjustments as you read the text. 

 

Frank Rotering 

October, 2013 

 

Website:  needsandlimits.org 

 

 

                                                 

Notes 
1 John Maynard Keynes, The General Theory of Employment, Interest, and Money (San Diego: 
Harcourt Brace Jovanovich), vii. 
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Chapter 1 
The ENL Framework 

 

 

 

A few general topics must be discussed before ENL’s concepts and 

analytical tools can be introduced.  These include the framework’s ethical 

stance, the scope of its analysis, its abstract representation of the economic 

world, and how it views the relationship between humankind and nature. 

Because ENL is a new mode of economic thought, it unavoidably 

introduces a number of technical terms.  When such a term is first defined, 

it is printed in bold italics.  If you forget a definition as you proceed, or 

simply need clarification, please consult the book's glossary (appendix A). 

 

 

ETHICAL STANCE 
Any conceptual framework that seeks to guide economies towards 

sustainability and well-being must have an ethical stance at its foundation.  

Without this basis it is impossible to formulate a meaningful economic 

goal, and thus to separate rational from irrational economic objectives.  
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ENL’s ethical stance is that all human beings, present and future, are of high 

and equal worth.  The assertion that all human beings are of high worth 

implies that their well-being1 should be maximized.  The assertion that 

they are of equal worth implies that no-one should be economically 

deprived for someone else’s benefit.  In other words, one person should 

not "steal" economically from another person - either someone who is 

currently alive or a member of a future generation.  ENL’s economic goal 

of sustainable well-being is intended to reflect this ethical position.  "Well-

being" applies to everyone in the present, whereas "sustainable" seeks to 

make well-being possible for everyone in the future. 

Two important points must be made about this stance.  First, the 

"equal worth" criterion does not mean that everyone must be economically 

equal.  If inequality raises the sustainable level of well-being for all, then 

no-one has been deprived for someone else’s benefit.  It is true that inequality 

has serious implications for social stability and solidarity, and these factors 

must be carefully considered in determining how much inequality, if any, 

to permit.  But equality (sameness) is not synonymous with equity 

(fairness), and the two must be distinguished if we are to apply ENL’s 

ethical position without distortion.  This topic is discussed further in 

chapter four, which deals with the maximization of economic gains.  

Second, the interpretation of "all people" in the ethical statement depends 

on the geographical scope chosen by the analyst.  While this scope is 

ideally global, such a broad reach may be unrealistic for a variety of 

reasons.  It may therefore be necessary to apply the ethical stance to a 

region instead.  This subject is discussed further below. 

 

TECHNOLOGICAL NEUTRALITY 
For ENL, the term "economic progress" refers to changes that move an 

economy towards sustainable well-being.  What must be emphasized is 

that only such changes constitute progress.  The latter is not equated with 

increasing output quantity, greater scientific knowledge, or rising 

technical sophistication.  This position, called technological neutrality, 

means that ENL's terms, concepts, and analytical tools contain no explicit 

or implicit judgments about a society's level of scientific and technological 

development.  The framework thus includes no notions of 

underdeveloped and developed, or of primitive and advanced.  Instead, a 

society's technologies are neutrally characterized as varying from a low to 

a high level of complexity.  

Technological neutrality is fundamentally important because it 

counters the ethnocentric prejudices of many progressive minds, 

especially in centuries past.  To illustrate the depth of these prejudices, 
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consider that John Stuart Mill, the great defender of individual liberty and 

women's rights, was able to pen the following: 

"Works of all sorts, impracticable to the savage or the half-civilized, 

are daily accomplished by civilized nations, not by any greatness of 

faculties in the actual agents, but through the fact that each is able to 

rely with certainty on the others ... The peculiar characteristic, in 

short, of civilized beings, is the capacity for co-operation ..."2 

In this passage Mill places the "savage" and "half-civilized" people of 

the world below dolphins and wolves, who cooperate daily in their 

feeding habits to survive.  Even the great Charles Darwin occasionally 

succumbed to the rampant ethnocentrism of his time.  In Descent of Man, 

for example, he commented that, "The western nations of Europe ... now 

so immeasurably surpass their former savage progenitors, and stand at the 

summit of civilization ...".3   Darwin is usually defended against charges of 

cultural or racial bias by claiming that his observations were purely 

scientific.  It is clear, however, that the phrase "summit of civilization" has 

no scientific basis, and that this defense cannot be sustained.    

As Jared Diamond said in Guns, Germs, and Steel, a book written 

precisely to combat such attitudes, "Nineteenth-century authors tended to 

interpret history as a progression from savagery to civilization."4  Aside 

from its moral odiousness, the practical problem with such attitudes is that 

it tends to impose inappropriate economic structures on dominated 

peoples.  Discussing the withdrawal of the colonial powers from their 

captured territories in the 20th century, journalist Paul Harrison 

comments, 

"More serious than anything else, the elites they handed over power 

to were products of the colonial education system and were schooled 

in western ways.  Instead of pursuing indigenous models of 

development, almost all of them set out to construct imitation 

western societies.  So modern industry was put up before agriculture, 

modern skyscrapers had to go up before the masses were housed, 

modern-sector employees had to be paid enough to enjoy imitation 

western consumer lifestyles while the majority languished in 

poverty."5 

ENL's technological neutrality implies that an indigenous tribe in 

Borneo or the Amazon does not progress by industrializing or by adopting 

Western innovations, but by moving sustainably from a lower to a higher 

level of well-being.  Such changes could entail the selective adoption of 

Western technologies, but the tribe's economic progress is measured 

exclusively by the increase in its individual well-being and by the decrease 
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in its overall ecological impact.  Richard Levins, a Marxist biologist who 

has worked extensively with the Cuban people, precisely captures the 

ENL perspective: 

"Progressivist thinking, so powerful in the socialist tradition, 

expected that developing countries had to catch up with advanced 

countries along the single pathway of modernization.  It dismissed 

critics of the high-tech pathway of industrial agriculture as 'idealists,' 

urban sentimentalists nostalgic for a bucolic rural golden age that 

never really existed.  But there was another view, that each society 

creates its own ways of relating to the rest of nature, its own pattern 

of land use, its own appropriate technology, and its own criteria of 

efficiency."6 

A second reason for adopting technological neutrality is the 

relationship between a society's resilience and its level of complexity.  The 

recognized authority on this topic is Joseph Tainter, who studied the 

relationship in his 1988 book, The Collapse of Complex Societies.7  Tainter's 

main point is that greater social complexity requires additional social 

investments at each stage, and that these increments eventually generate 

diminishing returns.  As complexity continues to increase, the additional 

investments may not be sufficient to resolve the escalating problems.  

Tainter concludes: "At this point, a complex society reaches the phase 

where it becomes increasingly vulnerable to collapse."8  Other researchers 

have pointed out that complex social structures depend on highly talented 

and specially trained people.  If a critical number of such people suddenly 

become unavailable, as could happen in a high-mortality pandemic, 

collapse could ensue.9  If either thesis is accurate, the only long-term 

escape appears to be a conscious turn towards a lower level of 

technological complexity. 

Another reason for technological neutrality is that a lower level of 

complexity may not only be prudent or necessary, it may well be desirable 

in unsuspected ways.  A profound critique of humankind’s present state 

calls into question not just industrialism or capitalism's economic logic, but 

civilization itself - that is, the period of agriculture and urbanization that 

began about 10,000 years ago.10  Jared Diamond addresses this point in his 

book The Third Chimpanzee, particularly in the chapter titled "Agriculture’s 

Mixed Blessings".11 Like many anthropologists today, Diamond rejects the 

long-held claim that the pre-civilized life of hunter-gatherers was "nasty, 

brutish, and short".12  He points out that hunter-gatherers who survive in 

the modern world, even though they have been pushed off the best land, 

"generally have leisure time, sleep a lot, and work no harder than their 

farming neighbors."13 



THE ENL FRAMEWORK  /  5 

As Diamond points out, an excellent indicator of nutritional level is 

height.  When farming was introduced, the average height of both men 

and women decreased sharply.14  Agriculture also led to increased risk 

because of the rising dependence on only a few crops as food sources, to 

more disease due to crowding, and to class divisions.  The latter were 

prompted by food surpluses that could support idle elites.  Diamond 

rebuts the standard objection as follows: 

"To most American and European readers, the argument that 

humanity could on average be better off as hunter-gatherers than we 

are today sounds ridiculous, because most people in industrial 

societies today enjoy better health than most hunter-gatherers.  

However, Americans and Europeans are an elite in today’s world, 

dependent on oil and other materials imported from countries with 

large peasant populations and much lower health standards."15 

The striking truth is this: Humankind lived as hunter-gatherers for 

99% of its time on this planet without causing major environmental 

destruction.  In the last 1% of our time, as civilized farmers, we have 

plunged the world into ecological chaos.  While a return to a pre-civilized 

mode of living clearly cannot be achieved in time to reverse overshoot, 

humankind may seek to move in this direction over the longer term.  An 

enlightened economic framework should not dismiss this option. 

In brief, ENL sees technological complexity as a choice that a society 

should make independently.  Remaining technologically simple or 

becoming technologically complex is not a decision about progress, but 

about people's relationships to their productive activities, to the natural 

world, and to their fellow human beings. 

 

ANALYTICAL SCOPE 
Analytical scope refers to the boundaries of ENL's subject matter, thus 

identifying the range of topics for which the framework takes analytical 

responsibility.   The first thing to note is that ENL is not intended to 

replace economic thought as a whole.  Instead, it is exclusively a guiding 

framework.  What this means is that it provides concepts and analytical 

tools to establish rational economic objectives, but has nothing to say 

about an economy’s operational details.  Another type of economic theory, 

called a functional framework, must be employed for this purpose.  The 

distinction between the two is discussed further in chapter ten. 

A strong temptation that must be avoided in developing a guiding 

framework is to cast the net too wide, thereby inviting non-economic 

issues into an economic theory.  This is frequently the response of 
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progressive economists when faced with the insularity of most 

mainstream approaches.  A typical example is the work of Neva Goodwin, 

a heterodox economist at Tufts University: 

"... since 1994 I have been working with a number of colleagues to 

develop an alternative [to standard economics], which we call 

contextual economics.  The name comes from our conviction that an 

economic system can only be understood when it is seen to operate 

within a social/psychological context that includes ethics, norms and 

human motivations, culture, politics, institutions, and history.  It also 

operates within a physical context which includes the built 

environment, as well as the natural world."16 

From the perspective of a guiding framework, this pluralistic 

approach completely misses the mark.  To overcome the destructive logic 

of capitalism it is an error to broaden the boundaries of economic studies 

because this will simply disguise the true nature of this logic.  We should 

instead confront it head-on, expose its errors, and replace it with a 

coherent non-capitalist logic.  The fundamental problem with standard 

economics is not its context, but its contents.  The likely result of the 

pluralism espoused by Goodwin and her colleagues will be to perpetuate 

expansionary economic thought into the indefinite future. 

ENL avoids this trap by adopting a narrow analytical scope.  This 

focuses attention on the economic logic itself and thus avoids diluting it 

with non-economic concerns.  The framework's analytical boundaries are 

established by first noting that the ultimate purpose of an economy is 

consumption, which is defined as the assimilation and utilization of 

outputs to satisfy human consumption desires.  For consumption to occur, 

outputs must be assigned to consumers, a social act called distribution.  

Distribution in turn requires that outputs are produced, and production 

requires that inputs are allocated to the desired outputs.  ENL's analytical 

scope is this chain of core economic activities: humankind's allocation, 

production, distribution, and consumption, plus any directly related 

activities and considerations.  ENL tries to adequately address these 

topics, but it intentionally avoids extending its reach any further. 

Another good reason for a narrow analytical scope is that it isolates 

the purely economic rationale for an action or policy, thereby permitting 

this rationale to be explicitly balanced against non-economic factors.  

Although ENL's conclusions reflect critical aspects of social life, other 

modes of thought are also important.  My view is that mature social 

decisions will arise more readily from the interaction of several tightly 

focused, well-defined analytical frameworks than from a single diffuse 

framework.  ENL has been developed with this viewpoint in mind. 
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GEOGRAPHICAL SCOPE 
In standard economics the geographical unit of analysis is typically the 

country.  Statistics such as GDP (gross domestic product) and trade 

deficits almost always refer to specific countries, and most economic 

policies are developed on a national basis.  In ENL the country is 

construed as a purely political entity, without special economic 

significance.  The framework treats the geographical unit of analysis as 

either a region or the globe as a whole.  If the unit is a region, this can be 

an area within a country, a country itself, or a collection of territories up to 

but not including the entire globe.  When the term "economy" is used in 

this book, it refers to the chosen geographical unit.  Geographical scope in 

ENL is thus either regional or global, depending on the analyst's 

perspective and requirements. 

The most basic application of geographical scope is in relation to 

ENL’s ethical stance.  As noted above, if regional scope is chosen, 

"everyone" includes all human beings who reside in the selected region.  If 

global scope is chosen, "everyone" includes all human beings on the 

planet.  ENL also applies geographical scope to value, cost, and an 

economy's environmental budgets.  Geographical scope thus determines 

the population over which value and cost are aggregated.  Assume, for 

example, that the territory chosen for analysis is a bioregion - a 

biologically unified area such as a seaboard, desert, or valley.  To 

determine the overall performance of this bioregion's economy with 

respect to well-being, the value gained and the cost incurred by its 

population are both summed.  When cost is subtracted from value, the 

result is the total well-being achieved.  Because regional scope has been 

chosen, any value gained and cost incurred outside this bioregion do not 

affect the estimate.  A region is thus an explicit demarcation between "us" 

and "them" for the purpose of economic calculation. 

An environmental budget is defined as the maximum amount of a 

natural source or sink that an economy can safely appropriate before 

ecological degradation occurs.  An economy's geographical scope defines 

the physical area, such as the bioregion just mentioned, that is associated 

with these natural assets.  An important exception is when a region’s 

wastes (pollution, garbage, etc.) cross its borders into the world outside.  

In all such cases the region must take full responsibility for its polluting 

actions.  This topic is discussed in chapter five, which deals with the 

environmental limits to economic activities. 

Regional scope and global scope are not mutually exclusive.  ENL 

could be used on a regional basis to draw conclusions about a local 

economy.  At the same time it could be applied on a global basis to gain a 
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worldwide perspective on economic activities.  It is also possible to 

analyze overlapping regions, although in such cases political processes 

will be necessary to resolve conflicting conclusions about objectives and 

policies. 

A key analytical difference between regional and global scope is that 

trade is possible between regions, but is logically impossible when the 

economy is construed globally.  In the latter case the only possibility is the 

exchange of goods and services among the world's citizens.  Value and 

cost would then be aggregated globally, and all environmental budgets 

would be calculated on a worldwide basis. 

ENL gives analysts a choice with respect to geographical scope 

because this provides a high degree of flexibility.  Political borders can be 

respected or ignored depending on the nature of the analytical project.  

Global scope can be used if the world is fruitfully seen as an economic 

community, but regional scope can be employed if this unity is not 

recognized, or if a more restricted area must be directly addressed for 

other reasons. 

 

ECONOMIC ABSTRACTION 
Systematic thought about any complex reality requires that we ignore 

minor details and focus on significant features.  The distinction between 

the minor and the significant sets the stage for all subsequent development 

and is thus of central importance.  When combined with analytical and 

geographical scope, ENL's economic abstraction fully defines the range of 

topics that constitute its analytical universe.  The abstraction used by ENL 

is depicted in figure 1-1.  The components are briefly described here and 

treated more fully in the remainder of the book. 
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The diagram uses solid lines to depict flows that are predominantly 

physical, and dashed lines to depict flows that are predominantly non-

physical.  It divides the economic world into three major components: 

humankind, nature, and the economy itself.  To my surprise, this division 

evoked heated criticism from some early reviewers.  The objection was 

that an economy is part of its environment, and that depicting the two as 

separate entities destroys this unity.  This criticism clearly confuses 

physical reality with its conceptual representation.  It is certainly true that, 

considered in physical terms, an economy is part of the environment in 

which it is embedded.  However, this in no way implies that, in order to 

understand the logical relationships between them, they cannot be 

represented separately in a conceptual diagram. 

There is a highly significant relationship among the abstraction's three 

major components: the economy is the means for achieving humankind's 

ends, subject to nature's constraints.  This set of relationships is 

fundamental, and recognizing it is indispensable not only for ENL, but for 

any other guiding framework that might be developed in the future.  As 

many commentators have noted (and if we ignore the political realities 

addressed in Contractionary Revolution), the economy exists for people 

rather than the other way around.  Stating this clearly and making it a 

Figure 1-1:  ENL's economic abstraction.   These are the key economic 

factors covered by ENL’s terms, concepts, and tools. 

Humankind - 

ENDS 

Nature - 
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central part of the economic abstraction should ensure that we will never 

treat the economy as an end in itself, but will instead focus on the human 

requirements that - within natural limits - justify its existence. 

The other pitfall that must be sidestepped is to confuse an economy's 

goal with the constraints to be respected while striving to meet this goal.  

Undeniably, an economy must operate within its environmental limits.  

But this restriction is not the economy's purpose - the economy is there to 

meet humankind's needs for shelter, sustenance, etc.  If this is unclear, 

think about driving a car.  We don't do this to avoid accidents, but to get to 

our destination.  In getting to our destination, however, it is extremely 

important that we avoid accidents.  Getting there is the goal, whereas 

avoiding accidents is the constraint on our driving behavior.  This 

distinction is not a semantic subtlety - it is critical to our economic 

orientation.  The North Korean economy could be the most sustainable one 

on Earth, but if its people are living in misery and ill-health, then it is far 

from being the world's most successful one.  We don't want to emulate 

such an economy as a whole, but we do want to duplicate its sustainability 

while creating a bountiful economy.  I emphasize this obvious point 

because environmental sustainability has been misidentified as an 

economic goal by several modes of environmental thought, including 

many proponents of ecological economics.17 

Humankind is at the heart of ENL's economic concerns, and it is 

therefore placed at the top of the abstraction diagram.  As can be seen from 

the arrows, people interact with the economy in three main ways: through 

the consumption of final outputs, the provision of labor, and the health 

effects associated with the environmental consequences of production. 

The fact that humankind provides labor raises an important point: 

humankind, like nature when it provides natural resources, is part of the 

economy.  In other words, humankind and nature each have two distinct 

economic roles.  Humankind is the economy's end, but as workers we are 

also part of that economy, and thus participate in the means to satisfy the 

end.  Similarly, nature establishes the economy's constraints, but as a set of 

resources it too is part of the economy, and therefore part of the means to 

attain human objectives.  It is important to recognize these dual roles as we 

proceed. 

A final output is one that is directly consumed, and therefore includes 

such things as houses, books, meals, and manicures.  Any other output is 

called an intermediate output.  Some outputs can be both, depending on 

their application: a train can be used for leisure travel or to deliver cargo; a 

computer can be used to play games or to write business reports.  Because 
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many final outputs are physical objects, consumption is shown as a solid 

line.  Labor is not a physical flow and is therefore shown as a dashed line.   

Inside the box marked "nature" are renewable and nonrenewable 

resources, which flow from nature into the economy.  Nature also includes 

the capacity to absorb wastes and the potential for habitat destruction.  

These are represented by arrows going the other way - from the economy 

to nature. 

Renewables are resources associated with the sun's radiation: the 

organic components of the biosphere plus the hydrological and 

atmospheric phenomena resulting from solar energy.  Although 

independent of the sun, the geothermal energy from the earth's interior is 

also included in this category.  Nonrenewables are materials found in the 

earth's crust that are not regenerated over time periods that are 

meaningful to humankind.  These include minerals, fossil fuels,18 topsoil 

for agriculture, and to some degree water.  Such natural assets are stored, 

in finite amounts, in accumulations called stocks. 

Habitat destruction refers to the degradation of living conditions for 

non-human species as a consequence of humankind's economic activities.  

This can result in the weakening of species and eventually their extinction.  

Wastes, which are the material residues of economic activities, include the 

various types of pollution, materials discarded during production, and 

outputs that are thrown away at the end of their useful lives. 

The four main interactions between nature and an economy - habitat 

destruction, wastes, renewables, and nonrenewables - are referred to in 

ENL as natural flows.  The first three of these have a biological basis and 

are therefore called biological flows.  Such flows, which are associated 

with ecological degradation and threshold effects, are used to set 

production limits.  The fourth type of natural flow, nonrenewables, does 

not have a biological basis.  These resources are subject to depletion, but 

not to degradation or thresholds, and are therefore ignored when 

production limits are established. 

In the box marked "economy" are final outputs and intermediate 

outputs.  Intermediate outputs are used in the production of other outputs.  

Included in this category are the components of a final output, such as the 

cabinets and paint used in producing a house, as well as machines and 

other productive assets, such as buildings and trucks.  The distinction 

between final and intermediate outputs is crucial because our 

consumption desires are met only by final outputs.  Producing 

intermediate outputs may be good for some businesses, but from ENL’s 

perspective they are simply a means to an end - the production of final 

outputs that can enhance human well-being. 
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As mentioned above, the abstraction helps define the extent of ENL's 

analytical universe.  The framework's purpose is to develop methods that 

permit us to estimate rational quantities and rates for all the economic 

components shown in the diagram, plus the population level.  However, 

the abstraction also defines the limits to this universe.  For example, while 

the framework proposes a method for limiting waste flows in general, it 

does not consider specific waste flows such as carbon dioxide or cyanide.  

Such details are in the realm of the physical sciences, which must be 

consulted in conjunction with ENL and functional theories to address 

concrete environmental issues. 

 

OUTPUT LIFE CYCLE 
An output can be considered from two very different perspectives: as a 

discrete commercial product, or as part of a long chain of activities that 

ends in consumption.  Standard economics usually takes the first 

perspective, which is aligned with business realities and sees each output 

as a separate profit-making opportunity.  In this view, for example, the 

extraction of raw materials for bus components, the manufacture of these 

components, the construction of the bus itself, and the recycling or 

disposal of the disused bus are all treated separately.   The second view 

might be called the social perspective.  This sees all bus-related activities as 

a unified process that results in bus transportation services.  ENL adopts 

the second view, and refers to the unified process as the output life cycle.  

See figure 1-2. 
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For durable outputs like houses, ships, furniture, and buildings, all the 

stages shown in the diagram are applicable.  For non-durable outputs like 

food there is no maintenance stage, but disposal does apply - this is the 

vexing problem of dealing with human wastes in a sanitary manner to 

prevent disease and to return nutrients to the soil. 

ENL uses a life-cycle approach because one of its central tasks is to 

help determine if, and at what quantity, an output should be produced.  

Ignoring environmental factors for the time being, this can be rationally 

addressed only if the human value and cost associated with the entire 

production-consumption-maintenance-disposal chain are estimated and 

compared.  The commercial production of tires can be analyzed separately 

for business purposes, but the human desirability of such production can 

never be considered in isolation.  Tires on their own cannot be consumed 

and therefore have no human value to offset against the human cost of 

their production.  For ENL the life-cycle perspective is thus unavoidable.19 

Of course, figure 1-2 is a highly simplified version of an extremely 

complex economic reality.  Each intermediate output has it own life cycle, 

which includes other intermediate outputs, each of which has its own life 

cycle in turn.  Adding to the complexity is the fact that we must assess the 

contributions of each intermediate output to the various final outputs with 

which it is associated.  For example, if one intermediate output is used to 

produce five final outputs, we must decide if each final output will be 

Figure 1-2: Output life cycle.  

ENL has a “cradle-to-grave” 

view of final outputs, which 

allows it to track all 

associated costs.  This is 

necessary in order to make 

rational production 

decisions. 

RESOURCE 
EXTRACTION 
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"charged" with 20% of the intermediate output's cost and natural resource 

use, or if some other division is more appropriate.  At the present stage of 

its development, ENL does not address this question. 

The life-cycle perspective is only now being seriously considered by 

standard economists, but it has long been accepted by progressive 

thinkers.  This example is from E.F. Schumacher, writing in 1973: 

"Economics ... deals with goods in accordance with their market value 

and not in accordance with what they really are.  The same rules and 

criteria are applied to primary goods, which man has to win from 

nature, and secondary goods, which presuppose the existence of 

primary goods and are manufactured from them.  All goods are 

treated the same, because the point of view is fundamentally that of 

profit-making ... ."20 

The following example, from the 1987 United Nations report "Our 

Common Future" (the Brundtland report), used wording that is very 

similar to that of ENL 

"Industry and its product have an impact on the natural resource base 

of civilization through the entire cycle of raw materials exploration 

and extraction, transformation into products, energy consumption, 

waste generation, and the use and disposal of products by 

consumers."21 

 

MARGINAL ANALYSIS 
Although standard economics is frequently criticized in this book, the field 

deserves praise for its formalization of marginal analysis.  This is a method 

that emphasizes the incremental, or marginal, changes in quantities rather 

than the totals we tend to emphasize in daily life.  For instance, if a 

quantity increases from seven to nine, the marginal view will highlight the 

difference between them - plus two - rather than the original and final 

figures.  Marginal quantities are central to economic thought because they 

allow us to establish an activity's optimum level - that is, the level that 

maximizes the resulting benefits.  ENL is deeply concerned with such 

maximizations, and it is therefore strongly committed to both optimization 

and the marginal analysis this necessitates. 

To make the method and its application more concrete, imagine that 

you are Robinson Crusoe stranded on an island.  In order to stay alive you 

must appropriate enough energy from the island's food sources to fuel 

your internal fires.  It takes energy to gather food, so you must balance 

your energy gains against your losses.  What is the best strategy for 

obtaining your sustenance?  It turns out that you will maximize your 
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chances of staying alive if you continue hunting, fishing, and picking 

berries until the next unit of food requires more energy to obtain than the 

energy you would gain from its consumption.  If you gather less food than 

this, you are not gaining as much net energy as you could from your 

surroundings.  If you gather more, your overexertion will result in lost net 

energy.  In either case you could perish in a difficult environment. 

The principle of marginal optimization stretches beyond the human 

realm and is a core principle for all living things.  Consider the following 

observation by anthropologist Rick Potts: 

"Animals do not search for food at random.  In many birds and 

mammals, individuals take a characteristic path between separate 

feeding places.  Animals learn a lot about their environments and 

develop efficient patterns of movement and use of resources. ... In 

bees, primates, frogs, reptiles, and numerous birds, animals seem to 

identify the 'best' plants to feed on, defined by nutritional value and 

the time it takes to locate the food."22 

As with Crusoe, organisms that gather either too little or too much 

food according to the dictates of marginal energy will likely die.  Natural 

selection must therefore operate powerfully to encode the method in their 

DNA.  This is the reason that "marginal analysis" is manifested daily in the 

instinctual behaviors of virtually all of the planet's life forms. 

I have encountered two criticisms of marginal analysis among 

progressive thinkers.  One is that the method is part of standard thought 

and is therefore suspect.  The other is that the truly important issues in 

economics today relate to ecological thresholds, which are not subject to 

the marginal approach. 

The first objection is simply guilt by association.  While it is true that 

standard economics strongly supports capitalism's ecocidal logic, its 

broadly applicable techniques can and should be appropriated by a 

guiding framework such as ENL.  Marginal analysis can obviously be used 

for conservative purposes, and this is frequently the case.  However, the 

problem is not with the method itself, but rather with the way it is 

employed: the quantities that are marginally analyzed and the skewed 

interpretation of the results.  The same comment applies to mathematics 

and other tools used by standard thinkers. 

Regarding the second objection, it is undeniable that many significant 

economic issues today involve thresholds, and that marginal analysis 

should not be uses in those cases.  But many other issues are amenable to 

marginal analysis, and in fact cannot be analyzed in any other way.  This is 

why ENL is structurally split: its treatment of human gains depends on 

optimization and thus uses marginal analysis, whereas its treatment of 
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environmental limits deals with threshold effects and thus avoids this 

method. 

The following summary of marginal analysis, by standard economic 

thinker and historian Joseph Schumpeter, precisely reflects my own views: 

"Marginalism came quickly to be considered the badge of a distinct 

school.  And not only that: it even acquired a political connotation, 

growing, in the eyes of some, into a reactionary monster that stood 

ready to defend capitalism and to sabotage social reform.  In logic, 

there is no sense whatever in this.  The marginal principle per se is a 

tool of analysis, the use of which imposes itself as soon as analysis 

comes of age."23 

 

GRAPHS AND QUANTIFICATION 
Before proceeding to ENL's analytical concepts and tools in the following 

chapters, I must address the graphs I will use, as well as the underlying 

issue of quantification.  My use of graphs came under attack some years 

ago by an environmental group that evaluated an early version of ENL 

called human economics.  The group’s key objection was that the 

quantities I described had never been measured, and that my graphs were 

therefore meaningless.  This criticism betrays a serious misunderstanding 

about the nature of intellectual development.  When used in the physical 

or social sciences, graphs fall into two categories: those that express known 

quantitative relationships through empirical curves, and those that express 

general conceptual relationships through notional curves.  Each category is 

indispensable in its proper sphere.  Let me provide an example of each 

from scientific sources. 

A physics text I own shows a graph that relates the force on a car as a 

function of time during a crash impact.  Force is on the vertical axis, in 

Newtons.  Time is on the horizontal axis, in seconds.  The graph’s curve, 

which traces the destruction of a Mercedes-Benz over 120 milliseconds in a 

test environment, is based on actual measurements and is therefore 

empirical.24  A completely different situation exists for scientists who are 

studying the prevalence of life in the universe.  Controlled conditions do 

not exist in this domain, so direct measurements are impossible.  One 

intriguing book on the subject shows a graph that relates species diversity 

to mass extinction events.  Diversity is on the vertical axis, without units.  

Mass extinction events are on the horizontal axis, also without units.  

There are two curves, depicting two possible relationships between the 

variables.  Although these curves are entirely notional, they express the 

authors' key ideas succinctly and accurately.25  If the environmental 
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group's objection had been applied to this investigation, the authors would 

have been unable to posit these hypothetical relationships, thereby 

undercutting the scientific development of their field.  More generally, 

such a restriction would negate the development of any new field or 

framework, which must necessarily begin with raw ideas and provisional 

relationships.26 

A good example of such a relationship in economics is the Laffer 

curve, which relates tax rates to tax revenues.  According to legend, the 

conservative economist Arthur Laffer graphed this relationship on a 

napkin in a Washington restaurant in 1981.  The curve, which is still being 

printed in economics texts, shows tax revenues initially rising as the tax 

rate increases, and then declining once the tax rate reaches a threshold 

point.27  There are no units on either axis, and at the time Laffer doodled 

on his napkin, there was little or no data to support the curve's shape.  The 

Laffer curve is thus entirely notional, but it nevertheless played a major 

role in the upsurge of supply-side economics in the 1980s. 

Notional curves are extremely important because they provide 

investigators with both the guidance and the incentive to perform the 

necessary research to transform them into empirical curves.  Once a curve 

is drawn, economists can examine statistical data and try to substantiate 

the relationship being depicted.  Where such information is lacking, they 

can initiate efforts to collect it. 

In brief: So long as the underlying ideas are sound, notional curves 

can accurately depict general relationships, permitting both the analyst 

and the public to draw broad conclusions.  Such curves are frequently 

indispensable in the early stages of theoretical development.  Because ENL 

is in its infancy, all the graphs in this book express broad conceptual 

relationships using notional curves.  The test of these graphs is not 

whether the quantities have been measured, but whether they are in 

principle measurable - that is, if they are based on well-founded concepts 

and coherent reasoning. 

 

 

                                                 

Notes 
1 At this early stage "well-being" is a non-technical term with the dictionary definition: a 
satisfactory condition of existence.  At the end of chapter three it becomes a technical 
term with an ENL-based definition. 

2 John Stuart Mill, Principles of Political Economy (Harmondsworth: Penguin Books, 1970), 
58f.  This book was first published in 1848.  Adam Hochschild makes a similar statement 
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in King Leopold's Ghost, his disturbing book about African colonization: "Even John Stuart 
Mill, the great philosopher of human freedom, had written, in On Liberty, 'Despotism is a 
legitimate mode of government in dealing with barbarians, provided the end be their 
improvement.'" (p. 84) 
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4 Jared Diamond, Guns, Germs, and Steel: The Fates of Human Societies (New York: 
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experience cannot co-exist), but I believe his point must be taken seriously.  For a similar 
perspective, see Morris Berman’s The Reenchantment of the World (Toronto: Bantam 
Books, 1984). 

11 Jared Diamond, The Third Chimpanzee: The evolution and future of the human animal 
(New York, Harper Perennial, 1992), 188. 

12 This quote, from Thomas Hobbes’ Leviathan, has become a cliche for describing the 
pre-industrial state of human existence.  However, Hobbes was discussing a situation 
where no commonly accepted authority exists to enforce laws.  He was thus referring to a 
social condition, not a period of history.  It is quite possible that, during humankind’s 
hunter-gatherer stage, firm leadership and strict codes of conduct kept people sufficiently 
“in awe” to ensure social order and individual security. Despite the inaccuracy, Hobbes' 
quote is firmly entrenched. 
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14 Diamond, Ibid., 186. 

15 Diamond, Ibid., 188. 

16 Neva R. Goodwin, "Contextual Economics: A quilt of many old – and some new – 
patches" (paper presented at the first triennial conference of the International 
Confederation of Associations for Pluralism in Economics (ICAPE), Kansas City, USA, 
June 5-7, 2003).   Emphasis in the original. 

17 An example is provided by Herman Daly and Joshua Farley, who state that, "... in 
ecological economics, optimal scale replaces growth as a goal, followed by fair distribution 
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and efficient allocation, in that order."  (Herman E. Daly and Joshua Farley, Ecological 
Economics: Principles and Applications (Washington, Island Press, 2004), xxvi. 

18 In the first edition of Needs and Limits (the predecessor of the present book) I used the 
term "hydrocarbons" instead of "fossil fuels" in order to remain neutral about their 
origins.  The term "fossil fuels" is based on the familiar story about their biogenic origin: 
they derive from ancient organic materials that were moved by geological processes from 
the earth's surface and seas into the crust, where they were transformed into the fuels we 
use today.  These fuels are therefore the "fossil" remains of early plant and animal life.   
     A contrary position is that of physicist Thomas Gold, who espoused an abiogenic 
origin for these fuels, most recently in The Deep Hot Biosphere: The Myth of Fossil 
Fuels (New York: Springer-Verlag, 1999).  Gold's hypothesis is that oil, gas, and black 
coals derive from the hydrocarbon-rich interstellar gas clouds that formed the planets, and 
were deposited deep inside the earth at its formation.  (He agrees with the mainstream 
regarding the biogenic origins of peat and lignite coal.)  According to Gold, these 
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and becoming accessible to human exploitation.  In Gold's words, the hydrocarbon fuels 
we use today are not biology reworked by geology, but geology reworked by biology.   
     Due to the almost universal acceptance of the biogenic story, I adopted the 
conventional term "fossil fuels" in the second and third editions of Needs and Limits, and 
do so here as well.  I must point out, however, that tantalizing research keeps popping up 
that indicates Gold may have been at least partly right.  For example, the April, 2008 issue 
of Scientific American reported that, "Oil, coal and other fuels rich in hydrocarbon come 
from ancient biological matter, according to conventional wisdom. Now scientists find 
evidence for an inorganic origin of hydrocarbons - specifically, at Lost City, a collection of 
natural rock towers atop a submerged mountain in the Atlantic Ocean. The ocean floor 
around Lost City is full of vents that go all the way to the mantle, and researchers at the 
Woods Hole Oceanographic Institution and their colleagues have found high 
concentrations of hydrocarbons in the fluid seeping from these cracks." ("Lost City, 
Found Hydrocarbons", Charles Q. Choi, p. 36) 

19 A humorous illustration of the life-cycle approach was a cartoon that appeared at the 
time of the first Gulf War (1991).  A sports car has pulled up to a gas station that is 
advertising gasoline at $1,001.39 per gallon.  The soldier holding the pump informs the 
driver: "The gas is only $1.39.  The aircraft carrier is $470, the tank is $125, the stealth 
fighter is $330, the gas mask is $45, and the gun adds $30 a gallon.  ("The Real Cost of 
Energy", Scientific American, Harold M. Hubbard, April 1991, 42.) 

20 E.F. Schumacher, Small is Beautiful: Economics as if People Mattered (New York: 
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21 World Commission on Environment and Development, Our Common Future (Oxford: 
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York: William Morrow and Company, Inc., 1996), 169f. 
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notional-before-empirical order is provided by physicist Freeman Dyson, in his 
introduction to fellow physicist Richard Feynman's book, The Pleasure of Finding Things 
Out (Cambridge, Massachusetts: Perseus Books, 1999).  Dyson writes: "For years I 
watched as Feynman perfected his way of describing nature with pictures and diagrams, 
until he had tied down the loose ends and removed the inconsistencies.  Then he began to 
calculate numbers, using his diagrams as a guide." (p. ix)  These pictures, now known as 
Feynman Diagrams, are indispensable tools for describing the behavior of subatomic 
particles. 

26 This point was addressed by John Kenneth Galbraith: "... precision in scholarly 
discourse not only serves as an aid in the communication of ideas, but it acts to eliminate 
unwelcome currents of thought, for these can almost invariably be dismissed as 
imprecise."  (The Affluent Society, 1958, p. 270) 

27 For an example of the Laffer curve, see Lipsey and Ragan, Economics (Toronto: 
Addison Wesley Longman, 2001), 432.  A different version can be found in Michael 
Parkin, Economics (Reading: Addison-Wesley Publishing Company, 1990), 909.  What is 
amusing in these depictions is that the two sets of authors differ on the orientation of the 
axes.  Lipsey and Ragan comply with mathematical convention by placing the tax rate (the 
independent variable) on the X-axis.  Parkin, however, uses the supply-demand curve 
convention by placing tax rate on the Y-axis.  Standard economists, having for some 
reason decided to invert mathematical convention for supply-demand graphs, are 
evidently unable to decide among themselves whether this inversion should apply to all 
their graphs.  This issue is discussed further in chapter two. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 
Consumption and Value 
 

 

 

Value and cost are the central concepts in economic thought.  As such, 

they have been subjected to varying interpretations and ideological 

distortions over the past several centuries.  If the reader is not aware of 

this history it will be difficult to place ENL's treatment in its proper 

context.  This chapter therefore includes some condensed history before 

describing ENL’s concepts relating to consumption and value.  Before any 

of this, however, it is necessary to describe how consumption and value fit 

into the overall economic process. 
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DISTRIBUTION AND CONSUMPTION 
Economies vary widely due to differences in technology, culture, type of 

economic system, and many other factors, but they all share a set of core 

activities.  When these are combined, they form the generic economic 

process shown in figure 2-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The physical aspects of this process are indicated by the solid arrows.  

Inputs such as natural resources, machines, and labor are converted by 

production into final outputs, and these outputs are then consumed.  The 

social aspects of the process are indicated by the dashed arrows.  

Allocation refers to decisions that determine which inputs will be used to 

produce which outputs.  This is critical to the economic process because it 

is the starting point for all subsequent activities.  The other social aspect of 

the economic process is distribution, which determines by whom, and in 

what quantities, outputs will be consumed.  (ENL in fact broadens the 

concept of distribution to include labor and wastes.  For simplicity, this is 

ignored in the depiction above.) 

In this book we begin with the shaded components at the right side of 

the diagram - distribution and consumption.  This is because consumption 

is the economy’s purpose, or end, whereas allocation and production are 

means used to achieve this end.  Without understanding the value 

concepts associated with the purpose of economic activities there would 

be no basis for understanding production and cost, and thus no rational 

grounds for allocation decisions. 

Figure 2-1: The economic process: distribution and consumption.  In any economy the 

four major economic activities are allocation and production, which are discussed in 

the next chapter, and distribution and consumption, which are discussed here. 
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A BRIEF HISTORY OF VALUE 
In economics, value is what human beings desire in an object or service.  

Water has value because it supports life; a bicycle because it provides 

transportation; music because it gives us pleasure.  In a simple economy 

without exchange, this intuitive meaning is the only one that applies.  In 

an exchange-based economy, especially a market economy like capitalism, 

it is necessary to distinguish between use-value and exchange-value. 

Use-value is the direct usefulness of an object or service to human 

beings, as indicated by the above examples.  Exchange-value is indirect 

usefulness - the capacity of one commodity to be exchanged for another.  

Thus, if two units of commodity A are normally exchanged for one unit of 

commodity B, the exchange-value of B is two units of A.  The distinction 

between the two types of value is fundamental to the understanding of 

market economies, so we must always be clear which one is being used 

when performing functional analysis.1 

Something can have use-value without having exchange-value.  Rocks 

and sand can be useful, and air certainly is, but because these items are 

readily available they cannot be exchanged for anything else.  The 

converse is not true - something cannot have exchange-value without 

having use-value.  Even if something has been produced with great 

expenditures of time, effort, and natural resources, it cannot be exchanged 

for another output unless someone besides the producer finds it useful. 

Standard economics today uses the word "utility" to mean use-value.  

There is no real difference between the two, so use-value as a concept still 

exists in conventional thought.  Exchange-value is a different story 

entirely.  As the result of a bitter ideological battle, this concept has largely 

disappeared from view.  Let me briefly tell this important story. 

Adam Smith proposed early in Wealth of Nations (1776) that labor time 

should serve as the measure of exchange-value: 

"Labour alone, therefore, never varying in its own value, is alone the 

ultimate and real standard by which the value of all commodities can 

at all times and places be estimated and compared.  It is their real 

price; money is their nominal price only."2 

However, he felt that this was true only in the "rude" state of society, 

and that the principle does not apply to a modern economy.  Despite 

Smith's ambivalence about the role of labor in exchange-value, his idea 

was picked up by two other economic thinkers - David Ricardo and Karl 

Marx.  In Marx's version, labor time expresses capitalism's estimate of the 

social resources required to produce a commodity, and as such it plays a 

central role in the system's functioning.  Marx used his labor theory of 
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value3 as the central tool in explaining capitalism's internal dynamics and 

systemic tendencies, especially in his major work, Capital.  However, given 

Marx's revolutionary commitments, his interpretation of exchange-value 

was ideologically unacceptable to standard thinkers.  They initially 

responded by rejecting his labor theory as a valid explanation of exchange-

value, and then expunged the latter term from economics entirely.  If you 

look in the index or glossary of an economics text today, “exchange-value" 

will almost certainly be absent, and even "value" by itself is becoming 

rare.4  Standard economists today have little interest in capitalism's 

systemic features, and have shifted their attention almost entirely to 

superficial market phenomena that can be analyzed with the less 

nettlesome concepts of utility and price. 

To the best of my knowledge, all current economic theories treat use-

value as subjective - that is, as indicating the strength of individual desire 

for a commodity.  This interpretation accurately reflects the realities of 

capitalism and is thus unavoidable for a functional framework that 

addresses this system.  Under capitalism, the use-value of a commodity is 

dependent on the consumer's personal desires, so long as these are backed 

up by the capacity to pay.  Succinctly stated, use-value under capitalism 

means affordable desire.  There is no ideological distortion here, which is 

why subjective use-value is among the few concepts that are common to 

Marxian and standard theories.5  In fact, Marx's characterization of a 

commodity's use-value could have been penned by any standard thinker: 

"A commodity is ... a thing that by its properties satisfies human 

wants of some sort or another.  The nature of such wants, whether, 

for instance, they spring from the stomach or from fancy, makes no 

difference."6 

Exchange-value and price are crucially important to a functional 

framework because they help explain the operations of a market-based 

economy.  However, the concepts are not useful in setting broad economic 

objectives, and therefore play no role in a guiding framework.  For this 

reason, the only type of value defined in ENL is use-value.  Despite the 

universal interpretation of use-value as subjective in functional 

frameworks, there is nothing illogical about treating it as objective for 

guiding purposes.  As will be seen shortly, this is the approach taken by 

ENL. 

 

VALUE AND COST ARE HUMAN MEASURES 
Over the past several decades, as concern about the environment has 

grown, the concepts of value and cost have increasingly been applied to 
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ecosystems and natural resources.  The motivation for doing so is obvious: 

if the environment has monetary value, and if its destruction incurs 

monetary cost, then the natural world will be taken into account when 

economic decisions are made.  This idea underlies much of ecological 

economics and “natural capitalism"7. 

It is certainly true that the application of value and cost to nature can 

be effective as a short-term, reform-oriented response to environmental 

degradation.  This approach uses capitalism’s own measurement standard, 

money, to modify the system’s operations and to decrease its ecological 

impact.  However, ENL is intended to be part of a revolutionary 

transformation that replaces capitalist logic for guiding purposes, reverses 

overshoot, and strives for sustainable well-being.  The critical requirement 

for such a framework is conceptual coherence in order to drive this 

revolution forward.  In this context, value and cost cannot be extended to 

nature.  Let me briefly explain why this is so. 

Although human beings are integrated with the natural world in 

many respects, from the economic perspective we fall into sharply 

different categories.  As noted in chapter one, human beings constitute the 

end of economic activities, whereas nature establishes the constraints on 

those activities.  People can make autonomous choices; nature cannot.  

People can share experiences and awareness with their fellow human 

beings; we cannot do so with nature.  Because of these fundamental 

differences, it is impossible to apply the concepts of value and cost to both 

humankind and nature in a meaningful way. 

The problem is encapsulated by an important concept in economic 

thought: commensurability.  This is the idea that phenomena can be 

measured by the same yardstick, and thus quantitatively compared, only if 

they are qualitatively the same, or at least very similar.  Considered 

economically, people and nature are qualitatively different, and trying to 

apply the same economic yardstick to both creates insurmountable 

difficulties. I know this from experience.  When I first started to develop 

ENL, I accepted the concept of environmental cost and tried to place it on 

the same graph as human cost.  I had no common yardstick, so I drew 

human cost as a solid curve and environmental cost as a dashed curve.  

This didn't last long.  It soon became apparent that I was guilty of 

conceptual falsification, and that damage to humankind is 

incommensurable with damage to nature.  Similar comments apply to 

value. 

Another factor that comes into play regarding value and cost is that 

the terms are often used loosely in daily life, and it is easy to transfer these 

informal meanings into economic thought.  To put it simplistically: "value" 
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is usually associated with something good, and "cost" with something bad.  

Nature is good, so it must have value; destroying nature is bad, so this 

must be a cost.  It should be obvious that terms and ideas used in everyday 

conversation cannot automatically be applied to a formal conceptual 

framework such as ENL.  I must also note the surprisingly frequent 

confusion between the singular "value" and the plural "values".  The latter 

term refers to a set of ethical or social commitments, and has little to do 

with "value" in the economic sense. 

Let me now move beyond these preliminaries to consider a 

measurement standard for value and cost that is suitable for ENL's 

analytical purposes and consistent with its ethical foundation. 

 

ENL's MEASUREMENT STANDARD 
In order to judge economic activities, ENL requires a measurement 

standard for value.  This step is tricky because of the pervasive influence 

of standard thought, which has convinced most economic thinkers that the 

only valid way to assess value is through subjective desires, and that these 

must be measured by the money people are prepared to pay.  I can only 

repeat that the role of a functional framework is distinct from that of a 

guiding framework, and that validity in one sphere has no bearing on 

validity in the other.  What follows must be judged on the basis of its 

logical consistency with ENL's economic aim and guiding role, not by 

comparing it to a different mode of economic thought. 

It is important to understand that, once a value standard is 

established, the cost standard is its opposite or negation.  This is because a 

key task for ENL is to offset cost against value to determine the net effects 

of economic activities on human beings.  Unless the two are judged by the 

same standard - that is, unless they are commensurable - this is logically 

impossible.   Thus, if ENL were to choose energy gain as its standard of 

value, energy loss would necessarily be its standard of cost.  If it were to 

choose increased happiness as its standard of value, then decreased 

happiness must be its standard of cost.  Neither of these has in fact been 

chosen, but the examples should clarify this important principle. 

ENL's goal for an economy is sustainable well-being with respect to 

human beings.  The term "well-being" will be formally defined in chapter 

three, but for now I will use the dictionary definition: satisfactory 

conditions for existence.  "Sustainable" means that present humankind 

must protect nature so that future humankind can achieve well-being in 

their turn.  Because an analyst can choose global geographical scope, this 

goal must be applicable to the world's entire population, irrespective of 

cultural or other differences.  In brief, ENL's value concept must capture 
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the intuitive essence of well-being, and it must permit well-being to be 

achieved in a sustainable manner and on a global scale.  In addition, 

because the framework strives to be as rigorous as the subject matter 

permits, the concept must allow for quantification and thus for empirical 

development. 

The initial step in finding the right measurement standard is to point 

out that it cannot be subjective.  Using the strength of individual desires as 

the measure of value would contradict ENL's goals in two main ways. 

First, desire is not directly measurable, and thus cannot be used to 

ensure well-being for all people.  The strength of subjective desire can only 

be gauged by an external representative such as money.  This allows the 

rich to express their consumption desires much more effectively than the 

poor, thus focusing production on the luxuries of the few rather than the 

requirements of the many.  Adam Smith made this point 230 years ago: 

"... the effectual demand ... is different from the absolute demand.  A 

very poor man may be said in some sense to have a demand for a 

coach and six [horses]; he might like to have it; but his demand is not 

an effectual demand, as the commodity can never be brought to 

market in order to satisfy it."8 

In other words, a poor person may be keen to ride in a horse-drawn 

carriage, but under capitalism this has no economic significance, and will 

not result in the production of new carriages, because he can't afford to 

pay for this output.  Smith chose a contemporary luxury for his example, 

but the same point applies to essentials such as food and shelter today.  

Take this example from Paul Harrison: 

"... the chief ailments of the world's poor receive scant attention 

compared to the diseases of the rich.  The reason is simple: drug 

research, like food production, is geared not to human needs but to 

the effective demand of the market.  The poor do not have enough 

buying power to influence what gets produced."9 

The second reason why the measurement standard cannot be 

subjective is that subjective desire does not express genuine well-being.  

Desires are incessantly manipulated by social influences such as 

advertising, media images, and peer pressures.  In fact, consumption 

desires are often nothing more than the deeply implanted urges of 

corporate marketing efforts.  Such influences result in both the qualitative 

distortion and the quantitative expansion of our consumption demands. 

These observations are neither new nor radical.  For example, here is a 

well-known passage from social critic Vance Packard, writing in 1960: 
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“The emerging philosophy was most fervently and bluntly stated 

perhaps in two long articles in The Journal of Retailing during the mid-

fifties.  The author was Marketing Consultant Vince Lebow.  He made 

a forthright plea for ‘forced consumption.’ ‘Our enormously 

productive economy ... demands that we make consumption our way 

of life, that we convert the buying and use of goods into rituals, that 

we seek our spiritual satisfactions, our ego satisfactions, in 

consumption ... We need things consumed, burned up, worn out, 

replaced, and discarded at an ever increasing rate.’"10 

Almost half a century later, little had changed.  In 2006 the following 

appeared in the industry journal Advertising Age: 

"Some fraction of [American] spending is, of course, the result of our 

basic need for food, clothing, shelter, and transportation.  But really, 

how many households need two homes, three vehicles, and four TVs?  

It's clear that a great deal ... of consumer spending is driven by desire, 

not need.  Not many of us who work in advertising and marketing 

would have jobs if all we did was serve the basic human needs of 

sensible consumers."11 

If ENL's standard of measurement for value and cost cannot be 

subjective, then it must be objective - that is, it must be based on the 

publicly observable state of the external world, not on the private 

experiences of the individual's internal world.  This was acknowledged 

several decades ago by ecological economist Herman Daly in a penetrating 

essay titled, “Alternative Strategies for Integrating Economics and 

Ecology."  In describing the strategy of "economic imperialism," Daly 

indicated that value should not be subjective, but should instead reflect “... 

the objective needs of human beings or other species considered as 

biological entities ... ."12 

To summarize, we are looking for an objective factor in the human 

domain that captures our general understanding of well-being, permits 

quantification, applies on a global basis, and encourages present 

humankind to retain the natural conditions for the well-being of future 

humankind.  I submit that only one factor meets all these criteria: 

humankind's physical health. 

Physical health has an objective basis in that it relates to our externally 

observable state.  It can be quantified through strength, flexibility, freedom 

from disease and injury, and many other readily accessible attributes.  It 

puts rich and poor on the same plane and can be applied, with only minor 

adjustments, to all societies and cultures.  It restricts consumption based 

on the physical limitations of the human body.  Numerous studies have 

shown that physical health is strongly impacted by our emotional states 



CONSUMPTION AND VALUE  /  29 

and stress conditions; it therefore serves as an accurate proxy for general 

health. General health, in turn, is for most people the central aspect of 

happiness and well-being.13 

The use of physical health as the key criterion for economic success 

has been supported by at least one standard economic thinker, Irving 

Fisher.  In 1906 he wrote the following: 

"The true 'wealth of nations' is the health of its individuals.  A nation 

consisting of weak, sickly, and short-lived individuals is poor 

compared with a nation whose inhabitants are of the opposite type.  

Hence it is that the devices of modern hygiene, sanitation, and 

preventive medicine, which tend to increase human working power 

and enjoying power, are of greater economic import than many of the 

luxurious and enervating devices commonly connoted by 'wealth'."14 

Irving's comments are particularly relevant with respect to the global 

achievement of well-being.  People in the rich countries, most of whom 

have long enjoyed good hygiene and sanitation, can easily ignore the fact 

that these essentials are still absent in many poor countries, and that 

economic resources should be directed primarily to these basic 

requirements.  The health standard focuses our attention on these 

fundamental issues.  Even economist Julian Simon, a red-meat supporter 

of standard thought, finds that health is a central economic concern.  To 

his credit, he says that, "Feeling and being healthy [are] as valuable as 

anything else an economy can provide."15 

For all the reasons cited, ENL's assessment of a final output's value is 

the degree to which it increases the physical health of human beings 

through consumption.  Conversely, its assessment of a final output's cost is 

the degree to which it decreases physical health through production.  

These broad statements are refined in what follows.  For brevity, I will in 

most cases use "health" instead of "physical health". 

 

DEVELOPING A HEALTH UNIT 
ENL has not reached the stage where a health unit can be precisely 

defined for the purpose of empirical measurements.  However, the first 

step in this direction has been taken: a physical health index (PHI) is 

proposed in appendix B.  The PHI is intended to help analysts assign 

scores to the health states of individuals, and thus to quantify value and 

cost.  Although immature, it can be used in its present state to develop a 

provisional health unit. 

The PHI measures the level of an individual's health.  What ENL 

requires to measure value and cost, however, is the lived experience of 



30  /  THE ECONOMICS OF NEEDS AND LIMITS 

health.  This means that we must consider the level of health over a period 

of time.  For example, if a foundry worker loses the use of a leg due to an 

industrial accident, his or her PHI will decrease by a certain amount.  But 

the worker could lose this functionality for a few days, a few months, or 

permanently.  The time element is thus fundamental for estimating the 

cost the worker incurs.  The same is true for consumption - an increase in 

PHI from consuming a certain quantity of vegetables could last for 

minutes, hours, or days.  The time dimension is therefore crucial for 

estimating value as well.  This implies that the health unit must be defined 

in terms of both the change in PHI and the period of time over which this 

change persists.  These two dimensions are depicted in figure 2-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this simplified example the individual's initial health level increases 

due to the consumption of an output with positive value.  This causes 

health to rise for a period of time before dropping to its original level.  The 

value gained from this consumption is the shaded area at left.  At a later 

time, the individual incurs a positive cost in production, causing a drop in 

their health level.  The damage suffered is not permanent, so the health 

level rises to its original level at a later time.  The cost that was incurred is 

the shaded area at right.  Reality is obviously much more complex than 

this, and the changes will be gradual rather than abrupt.  Nevertheless, the 

principle is clear. 

In the remainder of this book the vertical axis is usually designated as 

"marginal health".  Please note that this refers not to the PHI itself, but to 

areas such as those shown in figure 2-2, which express the combination of 

health level and time.  When the term "health unit" is used, this refers to an 

Figure 2-2: Health unit.  ENL’s measurement unit has two dimensions: a 

change in the level of physical health and the duration of this change.  
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arbitrary division of such areas.  Let me now move on to ENL's specific 

value and cost concepts. 

 

POTENTIAL VALUE 
ENL includes not one but two value concepts: potential value and 

effectual value.  Both relate to use-value, and both are derived from the 

work of John Ruskin, a 19th century social theorist who wrote several 

books on economics.  Of these, Unto This Last (1860)16 is the best known, 

although the value concepts were introduced in a later work, Munera 

Pulveris (1862).17  Ruskin actually referred to "intrinsic value" instead of 

"potential value", and the same was initially true for ENL.  I have now 

shifted to the new term.18 

Potential value, when positive, is the maximum capacity of a final 

output, over the duration of its useful existence, to increase health.  If an 

output has the opposite effect - if it decreases health - its potential value is 

negative.  Based on the assumption that a consumer can always be found 

to extract the maximum health benefits from an output, potential value is 

the same at any output quantity.  Potential value is used in ENL to judge 

the quality of outputs resulting from production. 

The key word in the above definition is "capacity."  An apple, for 

example, has the capacity to increase health, but it can also be thrown 

away or allowed to spoil.  Its health benefits constitute only a potential, 

which may or may not be realized.  The apple has to be eaten, while it is 

reasonably fresh, by someone who can assimilate its nutrients.  Only then 

will its potential health be fully transformed into actual health. 

As noted in the previous section, the time element is crucial when 

dealing with health.  A specific health increment that lasts for 20 days is 10 

times greater than the same increment that lasts for two days.  An apple, 

for instance, might increase health by ten PHI units for three days, while a 

house might increase health by eight PHI units for 50 years.  Although the 

apple has a greater short-term health effect, the house has a much greater 

long-term impact, and thus a much higher potential value. 

Recall that final outputs are objects and services that are directly 

consumed, such as food, furniture, and haircuts.  This is the only type of 

output that has potential value.  Final outputs must be distinguished from 

intermediate outputs such as raw materials, tools, and machinery.  While 

intermediate outputs are essential to most economic activities, they are not 

consumed as end products and do not contribute directly to health.  They 

therefore fall outside the definition of potential value. 
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As stated, potential value is a constant quantity, and is therefore 

plotted on a graph as a straight, horizontal line.  This line can be in the 

positive or negative range, or it can be zero.  See figure 2-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Because this is the first analytical graph in the book, several points 

should be made to clarify its meaning.  First, the two axes do not 

necessarily relate to the same time period.  The horizontal axis represents 

the quantity of an output produced over a specific period of time, such as 

a day, month, or year.  The vertical axis represents the health effects of 

these outputs for as long as these effects last, which may be longer or 

shorter than the production period.  Assume, for example, that a year is 

chosen for the production period and that the output is houses.  If 50 

houses are produced in a year and they last for an average of 60 years, 

then the horizontal axis will show 50 houses per year, and the vertical axis 

will show the health effects of these houses over the 60 years of their 

useful existence.  This approach is necessary if we are to compare the 

overall value and cost of outputs, and thus to accurately establish their 

optimum quantities. 

The second point relates to the orientation of the two axes.  

Mathematicians place the independent variable (roughly: the cause) on the 

horizontal axis and the dependent variable (roughly: the effect) on the 

vertical axis.  In standard economics, however, the axes are often reversed.  

Especially in supply-demand curves, economists use the vertical axis for 

Figure 2-3: Potential value.  This is the capacity to increase or decrease 

health through consumption.  It is assumed that this capacity can always be 

realized, so the potential value curve is a straight, horizontal line. 
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the independent variable (price), and the horizontal axis for the dependent 

variable (quantity/time).  Most economists have become so accustomed to 

this reversal that they no longer notice it, and few textbooks even bother to 

point it out.  The practice in fact dates back to Alfred Marshall's Principles 

of Economics (1890).  Although Marshall was a mathematician as well as an 

economist, he switched axes when introducing supply-demand graphs to 

the world, and this has never been corrected in the Anglo-American 

world.  Curiously, French economists ignore Marshall and the rest of their 

profession, and place the axes according to standard mathematical 

practice.19  ENL's graphs, like those of the French, follow mathematical 

convention.  In most cases this means that quantity per unit of time is on 

the horizontal axis, and marginal health is on the vertical axis.  We are 

therefore tracking changes in health resulting from changes in the rate of 

output production and consumption. 

With these initial comments out of the way, let's examine the graph 

itself.  The quantity of the output being produced, per unit of time, is on 

the horizontal axis, which is also called the X-axis.  Marginal health is on 

the vertical axis, also called the Y-axis.  The "Q" is used in all ENL graphs 

to represent the current output quantity per unit of time. The total 

potential value of this output over the specified time period is the area 

under the positive potential health line, from quantities 0 to Q.  This is the 

shaded area in the diagram.  Because ENL is intended to provide broad 

economic guidance, the output here is presumed to represent a general 

category: vegetables rather than carrots, gas-guzzling cars rather than a 

specific luxury brand.  Unless otherwise specified, the term "output" is 

used in this sense throughout the book.  It is also important to underscore 

that quantity is a shorthand for a rate: quantity/time.  This is done partly 

for brevity and partly because it is consistent with the graphs used in the 

standard discipline. 

Although the potential value of an output is fixed at any particular 

time, it is not necessarily fixed over time.  Food provides a particularly 

worrisome example of decreasing potential value.  According to US and 

Canadian government statistics, there has been a marked drop in the 

nutritional value of many foods since 1963.  The calcium content of 

tomatoes has decreased by about 60%, the vitamin C content of broccoli by 

45%, and the vitamin A content of chicken by 50%.20  Such decreases 

would be represented by the downward shift of the positive potential 

value line from one time period to another.  Cigarettes, harmful drugs, and 

poisonous substances clearly have negative potential value and are 

depicted by a negative horizontal line.21  Changes in potential value are 

possible here as well.  For example, attempts have been made to 
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manufacture a safer cigarette.  To the extent that such attempts are 

successful, the potential value of cigarettes will increase (become less 

negative), thus shifting the graph line upward over time.22 

Potential value is readily understood with respect to food because this 

is ingested and assimilated - the intuitive meaning of "consumption".  The 

same thing is true for cigarettes and drugs.  But what about an output like 

a car (automobile), which is utilized rather than ingested?  In the rich 

countries, cars are for many people a necessity of daily life.  However, 

there is no essential relationship between social necessity and potential 

value.23  Something is socially necessary when it is indispensable under 

prevailing social conditions.  Something has positive potential value when 

its consumption directly increases health.  Although indispensability and 

health may be practically linked, they are not logically associated.  This 

example is worth pursuing to clarify the meaning of potential value. 

If we exclude a car’s various amenities and focus on the vehicle itself, 

what do we have?  An enclosed space with windows that can move when 

it is mechanically sound and supplied with fuel.  Movement can provide 

exhilaration, possibly augmenting health to a small degree, but it can also 

cause accidents, thereby decreasing health or causing death.  On the other 

hand, a non-moving, enclosed space can serve as a residence, which will, 

depending on climate, increase the occupants' health relative to living 

outdoors.  A car's potential value is the sum of factors such as those cited: 

exhilaration, accidents, and living space.  Many others could also be 

mentioned, such as the inhalation of fumes from surrounding traffic and 

the obesity resulting from inactivity while the driver is behind the wheel.  

The issue requires formal study, but it appears likely that a car's overall 

potential value is negative.  The fact that a car nevertheless has high 

subjective use-value for many people, and thus commands a high market 

price, does not alter this conclusion.  The subjective perception arises 

largely from factors such as the long distances from home to essential 

destinations, the hassles and delays involved with public transportation, 

the privacy of a personal space, and the status associated with conspicuous 

consumption.  While these factors may amplify subjective desire, none of 

them significantly increases health in the objective sense. 

One reviewer criticized this conclusion by citing the example of a car 

that transports a doctor to a hospital in order to perform a life-saving 

operation.  Does a car not have significant potential value when it is used 

in this manner?  The answer is no.  If the doctor lives 20 kilometers from 

the hospital and must get there quickly, a car will likely be necessary, but 

this necessity does not translate into potential value.   If it did, an 

economy's total potential value would be increased simply by moving all 
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doctors to homes that are further removed from their associated hospitals.  

We would thus fall into the same trap as the GDP measure used in 

standard economics, which absurdly counts all economic activities on the 

positive side of the ledger.  In instances such as this a car helps us 

overcome an obstacle, namely distance, to a health-increasing service - the 

operation.  However, it is only the operation itself that actually improves 

health and therefore has potential value.  The car is entirely a cost element.  

The economy would be improved by reducing this cost through such 

measures as moving doctors nearer to their hospitals and by bringing 

hospitals closer to their patients through the decentralization of health 

services. 

It is important to recognize the principle here: whatever is necessary to 

production but does not directly increase health is a component of cost, not value.  

In a rational economy such factors will be minimized, and if possible 

eliminated.  They should be increased only if they are indispensable under 

prevailing social and economic conditions, and if these conditions for 

some reason cannot be altered in the time available. 

 

EFFECTUAL VALUE 
Whereas potential value is the capacity of a final output to increase health, 

effectual value is the actual health gained from the output’s consumption - 

that is, its assimilation and use.  The role of effectual value in ENL is to 

judge the distribution and consumption of final outputs.  Like potential 

value, effectual value can initially be positive or negative.  Unlike potential 

value, it tends to decrease at the margin.  Thus, effectual value that is 

initially positive may become negative as consumption proceeds.  A 

typical effectual value curve is shown in figure 2-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4: Effectual 

value.  This is the 

realization of the 

capacity in potential 

value - the actual 

health change 

resulting from 

consumption.  

Effectual value is 

depicted as a 

downward-sloping 

curve that may 

become negative. 

 

0 

Marginal 

Health  

Q/t 

EFFECTUAL 
VALUE 

 

POTENTIAL VALUE 

 



36  /  THE ECONOMICS OF NEEDS AND LIMITS 

Economic activist Michael Albert displays a strong intuitive grasp of 

this concept in the following passage:  "The United States has 3 million 

people without homes to sleep in, though it has roughly 50,000 hotels that 

are generally only about half full and are able to house 15 million people.  

So, the United States has 3 million homeless people with 7.5 million empty 

rooms that they could, but can't, occupy." 24 

Whatever the accuracy of Albert's figures, his example cuts to the 

heart of effectual value: outputs exist that could increase health, but under 

current social arrangements they fail to achieve this result.  The conclusion 

is clear: the distribution of outputs is central to the ultimate health benefits 

that are derived from an economy’s outputs. 

An important distinction between potential and effectual value is that   

potential value is a relationship between an output and the human body - 

the output's capacity to modify the body's health.  Effectual value, on the 

other hand, is the result of an activity - consumption.  Thus an output 

possesses the attribute of potential value, but effectual value is achieved 

when the output is consumed by a human being.  Although it is tempting 

to treat effectual value as an output’s attribute, this should be resisted to 

avoid logical errors.  Let me now turn to the two key economic factors that 

account for the decline in an output's effectual value: satiation and output 

loss. 

 

SATIATION 
Satiation is the decrease of an output's beneficial health effects as greater 

quantities are consumed within a period of time.  For example, if you 

drink numerous glasses of tomato juice over the course of an hour, each of 

the first two glasses may increase your health by roughly the same 

amount.  However, after this point the beneficial health effects of each 

glass will likely diminish.  Eventually these effect will become zero, and if 

you continue drinking your health will likely suffer.  Similarly, the 

effectual value of a warm coat in a cold climate is very high, but the 

effectual value of a second such coat for the same consumer over the same 

period is extremely low.   Figure 2-5 depicts this effect. 
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Satiation reflects the human organism's inherent limits in absorbing 

positive health effects through consumption, as well as its tendency to be 

damaged if consumption goes too far.25  The point where satiation begins 

and health damage occurs will vary with the output and the consumer, but 

the satiation effect itself is biologically inevitable and places a universal 

limit on our capacity for health-increasing consumption. 

The fact that satiation is rooted in the human body’s consumption 

capacity implies that, as the number of human bodies increases, total 

consumption capacity will rise, and therefore total effectual value will rise 

as well.  Thus, when we are dealing with aggregate effects, it is necessary 

to specify the population to which an effectual value curve applies.  What 

would happen if the population doubles in figure 2-5?  There would be 

twice as much consumption capacity, and satiation would not start until 

double the quantity Q1.  As well, the effectual value curve would decline 

more gradually than before.  If on the other hand the population were 

decreased by 50%, only half the consumption capacity would remain.  

Satiation would begin at half the quantity Q1, and the effectual value 

curve would decline more rapidly.   We can thus picture the effectual 

value curve moving to the right and rotating upward as population rises, 

and moving to the left and rotating downward as population drops. 

ENL's treatment of satiation differs significantly from the non-

satiation assumption of standard economics.  Although the standard 

discipline admits that a consumer can be satiated with respect to a specific 

output based on declining subjective desire, it insists that satiation is 

impossible with respect to outputs as a whole.  This position is in fact the 

Figure 2-5: Satiation.  This refers to the decrease in effectual value caused 

by the human body’s limited consumption capacity.  In the figure, satiation 

begins at quantity Q1.  For outputs that are assimilated, such as food, 

drinks, and drugs, effectual value can eventually become negative. 
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starting point for conventional thought.  In the words of one well-known 

text: "The problems of economics arise out of the use of scarce resources to 

satisfy unlimited human wants."26  Heterodox economist Joan Robinson 

noted tersely that this assumption is transparently tied to business needs: 

"Satiation of material wants is bad for profits."27  ENL categorically rejects 

the standard position and accepts satiation with respect to both specific 

outputs and all outputs collectively.  Desires may be infinite - or can be 

manipulated to appear so - but health is strictly circumscribed by the 

physical constitution of our bodies, and satiation is thus unavoidable in all 

cases. 

 

OUTPUT LOSSES 
Effectual value can decline for a second reason: output losses.  These occur 

when outputs are destroyed, degraded, or left unconsumed.  That is, 

although an output is successfully created at the point of production, it 

either does not reach the consumer at all, or not in its original state.  As 

with satiation, this will cause the effectual value curve to decline.  Unlike 

satiation, output losses cannot cause the curve to become negative. 

For an instructive example of an output loss, consider the fact that in 

the United States approximately 1,400 calories worth of food are discarded 

per person every day.  This constitutes about 40 percent of all the food 

produced there.  Food is wasted on this scale even though the number of 

underfed Americans rose from 4.7 million to 6.7 million in 2007, and 

despite the fact that there are about a billion underfed people on the 

globe.28   In some cases an output loss is just a minor leakage, but in cases 

such as this it is a human catastrophe. 

The following list cites the main reasons for output losses, along with 

some typical examples: 

 Outputs disappear - A cargo ship sinks, taking its containers of 

goods to the bottom of the ocean; a pleasure craft sinks in a lake. 

 Outputs are spoiled - Perishable goods mold during transportation 

from farms; food rots while being stored by consumers. 

 Outputs are discarded - A working television, computer, or cell 

phone is tossed out to make way for a new model; an individual, 

restaurant, bakery, or grocery store discards unsold items. 

 Outputs are unused or underutilized - A piano or exercise machine 

is purchased but rarely touched; houses stand empty before they are 

sold; habitable houses are abandoned for financial reasons. 
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 Outputs are destroyed - A warehouse burns due to arson or 

accident; roads and bridges are bombed in a war; an earthquake or 

hurricane flattens houses, office buildings, and hospitals; rats eat 

inadequately protected food. 

In some of these examples the output loss occurs during 

transportation or storage by producers, before the outputs reach the 

consumption sphere.  Because such losses occur in the production sphere, 

it decreases potential value rather than effectual value.  ENL thus 

distinguishes between initial potential value, which results from the 

production process itself, and delivered potential value, which is what stores, 

shops, and other outlets receive from producers, after transportation and 

related losses have been accounted for. 

There is a connection between satiation and output loss.  In the 

example of winter coats above, satiation is reached with one coat.  

Although a person may want to own more than one coat for reasons for 

style and variety, only one is required for warmth and health.  For this 

reason, the second coat will not be used, which is tantamount to 

destroying its potential value.  (If the coats are worn on alternate days, 

there will still be a coat in the closet half the time, so nothing has 

substantially changed.)  Thus, satiation will in many cases lead to output 

loss, particularly with durable items that are utilized rather than ingested. 

 

MALDISTRIBUTION OF FINAL OUTPUTS 
Satiation and output losses are the only two direct reasons for the decline 

in effectual value.  However, this decline can be accentuated indirectly 

through maldistribution. In this section, it should be noted, we are dealing 

with delivered potential value.  This means that the output losses 

associated with production have already taken place, but that output 

losses by consumers - and the consequent decrease in effectual value - are 

still possible. 

In the context of final outputs, distribution is the assignment of 

outputs to the individuals who will consume them.  This is a social act that 

should not be confused with the physical act of transporting outputs to 

consumers’ locations.  Distribution should also be kept logically separate 

from allocation, which is the social act of assigning inputs to the 

production of intermediate and final outputs. 

An output is perfectly distributed when each unit is received by the 

person who can convert its potential value into the highest possible 

effectual value.  This is accomplished when the combined effect of the two 
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factors that cause effectual value to decline - satiation and output losses - 

are the lowest achievable for the chosen recipient.  Any distribution that 

fails to satisfy this criterion is called maldistribution.  Figure 2-6 shows the 

effect that maldistribution can have on effectual value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The effectual curve labeled EVp depicts the results of perfect 

distribution.  The curve starts below the potential value line because some 

output losses are almost inevitable.  Because each output unit is going to 

the consumer who can extract the greatest health from it, the curve 

declines at a relatively gradual pace.  Now look at the lower effectual 

value curve labeled EVm, which depicts the results of maldistribution. 

Maldistribution means that outputs are not being consumed by those 

who can extract the maximum effectual value from them, thus decreasing 

overall consumption capacity.  An example will help clarify this.  Assume 

that consumers are divided into three income grades: poor, middle, and 

rich.  The EVp curve reflects the consumption of an output by all three 

income grades equally.  Now imagine that the output is no longer 

distributed to those in the poor income grade.  The effect of this change 

will be to reduce the output's total consumption capacity: the poor could 

be converting potential value into effectual value, but they have been 

deprived of the opportunity to do so.  Even if the outputs are fully 

consumed by those in the middle and rich income grades, their capacity to 

create effectual value has been reduced by their prior consumption - that 

is, by their current level of satiation. 

Note that this is the same effect that was mentioned above with 

respect to a population decrease.  Thus, both a decrease in population and 

Figure 2-6: Maldistribution.  This refers to any distribution that does not 

maximize aggregate effectual value.  The curve labeled EVp represents 

perfect distribution.  The curve labeled EVm represents maldistribution.   
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an increase in maldistribution will reduce overall consumption capacity.  

Maldistribution therefore causes the initial effectual value to be lower than 

previously, shifts the quantity where satiation begins to the left, and 

causes the effectual value curve to decline more steeply than before.  All 

three of these effects are evident in the EVm curve.  The vertical distance 

between the two effectual value curves, as indicated by the arrow, 

represents the effects of maldistribution on effectual value.  As should be 

clear from figure 2-6, maldistribution can severely reduce an output’s 

health benefits. 

 

THE LONG PIPELINE TO EFFECTUAL VALUE 
The last few sections have discussed how the health potential of outputs 

can be negated between the time of production and the moment of health-

generating consumption.  Because this sequence of events is extremely 

important to a society’s well-being, I would like to summarize it before 

going further.  See figure 2-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The result of the production process is initial potential value, which 

represents the highest level of potential health before the various leakages 

begin.  During transportation from the point of production to the point of 

distribution, various output losses can occur: disappearance at sea, 

destruction during road accidents, spoilage while outputs are stored, etc.  

Figure 2-7: Output losses and satiation.  There are four major leaks in the creation of 

effectual value: output losses during transportation from the production facility, at 

outlets such as stores, and in the hands of consumers; and satiation during 

consumption.  Satiation is increased, and effectual value thus reduced, by 

maldistribution. 
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The potential value of the outputs that make it to stores and other outlets 

is called delivered potential value. 

Once the outputs have reached their points of distribution, we have 

left the realm of production and entered the realm of consumption.29  Any 

further reductions in achieved health are now assigned to effectual value, 

not potential value.  Stores can discard outputs or allow perishables to rot.  

These output losses will decrease effectual value.  The outputs that survive 

will be distributed to consumers, in whose hands output loss can occur 

through spoilage, discarding, destruction, etc.  The outputs that are left 

and remain in good shape will then be consumed, and effectual value will 

result based on the consumer’s degree of satiation, which depends on 

physiological factors and maldistribution. 

One might picture a pipeline running from produced outputs to 

health.  The pipeline has four major leaks: transportation to stores, the 

stores themselves, consumers, and satiation.  A rational economy will plug 

these leaks to the best of its ability, thus maximizing the benefits 

ultimately derived from its production efforts.  This maximization entails 

both physical tasks, such as taking extreme care during transportation and 

storage, and a key social task: minimizing maldistribution and thus the 

satiation that inexorably erodes effectual value. 

 

CONSUMPTION EFFICIENCY AND  

DISTRIBUTION EFFICIENCY 
The term "efficiency" is used in several distinct ways in standard thought.  

It can refer to technological efficiency, which is the output quantity that 

can be produced with a given set of inputs.  It can also mean economic 

efficiency, which is the value - in the standard, subjective sense - that can 

be produced with a given set of inputs.  Finally, the term can refer to 

allocative efficiency, which is synonymous with Pareto optimality.  This 

refers to the allocation of inputs that maximizes a society's desired 

outputs. 

These efficiency definitions are avoided in ENL because they ignore 

health, and thus conflict with the framework’s goal of sustainable well-

being.  However, ENL is strongly committed to the idea that underlies all 

efficiency measures: performing an economic task in the best, least 

wasteful manner possible.  The framework therefore defines several types 

of efficiency, including the two described in this section, which relate to 

consumption and distribution. 
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Consumption efficiency (Ec) is defined as a ratio, expressed as a 

percentage: a final output's effectual value divided by its potential value.  

Using the same labels as in figure 2-6, we have: 

Ec = (EVm/PV * 100)% 

In this and all other efficiency measures defined in this book, the 

quantities referred to are total quantities.  In the formula above, therefore, 

the reference is to the areas under the effectual value and potential value 

curves, not to the marginal values depicted by the curves themselves. 

Consumption efficiency takes into account all the factors that can 

decrease effectual value: satiation, maldistribution, and the various output 

losses.  If these effects are entirely absent and the transformation from 

potential to effectual value is fully achieved, the numerator and 

denominator will be equal and consumption efficiency will be 100%.  

Conversely, if no effectual value at all results, consumption efficiency will 

be 0%. 

Distribution efficiency (Ed) is also defined as a ratio that is expressed 

as a percentage.  It is the actual effectual value achieved in consumption 

divided by the effectual value that could have been achieved if the output 

had been perfectly distributed: 

Ed = (EVm/EVp * 100)% 

As stated earlier, an output’s distribution is perfect if each unit goes to 

the individual who is most capable of converting its potential value into 

effectual value.  If this occurs, the numerator and denominator will be 

equal and distribution efficiency will be 100%.  Distribution efficiency is 

used to measure the degree of a final output’s maldistribution. 

To make the above definitions clearer, here is a slightly modified 

version of figure 2-6: 
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In this figure the output is assumed to incur some degree of 

maldistribution, and the area under the EVm curve is therefore the total 

effectual value actually achieved in consumption.  The area under the 

potential value line, up to quantity Q1, is the output’s total potential value.  

The ratio of these two areas, as a percentage, is the output’s consumption 

efficiency.  The area under the EVp curve, up to quantity Q1, is the 

maximum effectual value that could have been achieved through perfect 

distribution - that is, the decline in effectual value is due entirely to 

satiation.  The ratio of the area under the EVm curve and this second area, 

as a percentage, is therefore the output’s distribution efficiency. 

Because consumption efficiency is a percentage, all such efficiencies 

are commensurable, which means that they can be quantitatively 

compared.  This is also true for distribution efficiency, but it is not the case 

for all of ENL’s efficiency measures, as will be noted in later chapters. 

In addition to consumption and distribution efficiency, ENL defines 

three other efficiency measures: for allocation, production, and the 

economy as a whole.  These are covered in chapter three, which covers 

production and cost.  The framework also defines ecological efficiency, 

which is discussed in chapter five in the context of environmental limits. 

ENL’s efficiency measures, with the sole exception of ecological 

efficiency, are referred to as human efficiencies because they relate directly 

to human health.  The key feature of such a measure is that its increase is 

always associated with a health increase.  This is not true for ecological 

efficiency, which is a technical measure that ignores health in its definition.  

Figure 2-8: Consumption and distribution efficiencies.  Consumption 

efficiency at output quantity Q1 is the area under the EVm curve divided 

by the area under the potential value curve.  Distribution efficiency is the 

area under the EVm curve divided by the area under EVp curve. 
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If this measure rises, health may or may not improve, depending on 

concrete circumstances. 

The human efficiencies are included in ENL for two reasons.  First, 

they permit the analyst to quantify the health contributions of an 

identifiable set of economic operations, which may help in isolating a 

problem area.  For example, if the health gains from an output are 

unexpectedly low, it would help greatly to know that its allocation 

efficiency is 90%, its production efficiency is 80%, and its distribution 

efficiency is 20%.  Clearly, the key problem here is distribution, not 

allocation or production.  The second reason for these measures is to 

counter the ideological impact of standard concepts.  This is particularly 

true for allocative efficiency (Pareto optimality), which forbids 

redistribution among individuals even if this would increase a society's 

aggregate well-being.  Such destructive notions cannot be permitted to 

skew analytical thought, and ENL thus provides constructive alternatives. 

A final note: although “distribution" in ENL is a broad term that refers 

to labor and wastes as well as final outputs, distribution efficiency is 

currently defined for final outputs only.  I feel that the introduction of 

efficiency measures with respect to labor and wastes would unduly 

complicate ENL at this stage, and would provide little analytical benefit.  

However, these concepts could easily be defined, and might be considered 

for inclusion at a future stage of the framework’s development. 

 

CROWDING 
While satiation is common in the rich countries and among elites 

everywhere, the poor often suffer from the opposite problem: instead of 

too much output quantity per person, there are too many persons per 

output. Because this commonly occurs with respect to housing and 

transportation, the term used in ENL to describe this economic 

phenomenon is crowding.   The concept is understood most readily in 

relation to housing, so I will use this as my example. 

According to Paul Harrison, in 1979 many residents of Calcutta had 

only eight square feet of housing space per person, while in a Karachi 

slum 40% of the dwellings had more than six people per room.30  By way 

of comparison, the British average at the time was 0.6 people per room. 

(According to more recent statistics, the averages are about 0.5 people per 

room for the rich countries and 3 people per room for the poor countries.31)  

What happens to the effectual value of housing when such crowding 

occurs? 
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As indicated, crowding is the converse of satiation. The concept that 

links them is consumption capacity - the ability of consumers to convert 

potential value into effectual value.  In satiation, consumption capacity is 

too low, which means that some potential value cannot be converted into 

effectual value and is therefore wasted. In crowding the opposite is true: 

consumption capacity is too high.  All available potential value will be 

converted into effectual value, but there is insufficient potential value to 

go around.  As well, the physical conditions associated with crowding 

may give rise to disease, violence, and other dangers, all of which will 

cause effectual value to decrease further.  The overall impact of crowding 

on effectual value is depicted in figure 2-9, where consumers per output 

are on the horizontal axis and total (not marginal) health is on the vertical 

axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To make this concrete, imagine a house that can accommodate three 

people without negative health effects.  Point C1 represents one person, 

who achieves health level H1 as the house’s sole occupant.  Because this 

person's consumption capacity for housing is limited, he or she cannot 

extract all the potential value the house is capable of providing.  This is 

indicated by the fact that H1 is well below the potential value line, which 

also means that the house's consumption efficiency is extremely low. 

As the number of residents rises to three at point C2, each of the two 

newcomers gains the same health as the first resident because there are 

enough rooms for all and thus no physical crowding. Total health 

therefore increases linearly, as does consumption efficiency. After the third 

resident moves in, however, crowding starts to take effect.  Rooms will 

Figure 2-9: 
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the converse of 
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too many consumers 
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usual marginal 

health. 
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have to be shared, sanitary issues may arise, and perhaps violence will 

become more common as people contend for space and privileges. 

However, although the individual effectual health of existing 

residents will drop, total effectual value will continue to rise.  This is 

because the health gained by a new resident, who previously faced the 

elements outdoors, will exceed the cumulative losses of the current 

residents.  At point C* these effects have become equal and total health has 

reached its maximum.  After this point, the negative health effects 

predominate and overall effectual value declines.  As crowding becomes 

increasingly severe, effectual value may decrease to zero, as indicated by 

point C3.  If crowding increases still further, the health effect of occupying 

the house will become negative, implying that it would be better for 

people to suffer the elements outside than to endure the squalor inside.  

They may not wish to do so for personal or social reasons, but health will 

clearly suffer if such extreme crowding is permitted. 

The obvious solution to crowding is to increase the number of 

outputs, thus reducing the ratio of consumers to outputs.  This is one of 

the main reasons why consumption must in many cases increase in the 

poor countries.  We tend to focus on food and water for obvious reasons, 

but the consequences of overcrowded shelters must also be taken into 

account. 

An interesting point about crowding is that it creates conflicting 

interests between the individual and the group.  From the individual 

perspective the number of consumers should not exceed the point where 

individual effectual value starts to decline. From the social perspective, the 

number of consumers should continue to rise until aggregate effectual 

value has been maximized. In the example shown, the individual 

optimum is three residents (point C2), but the social optimum is 

approximately five residents (point C*).  The social and political 

implications of such inherent conflicts are wide-ranging, but they are 

beyond ENL's scope and will not be discussed further here. 

The economic phenomenon of crowding is relevant to production as 

well as consumption, and it will therefore encounter it again in the next 

chapter. 

 

DEATHS FROM CONSUMPTION 
Human deaths resulting from consumption constitute a unique category, 

requiring special treatment.  The issue is not that such deaths raise ethical 

concerns, because this is true for health damage as well.  Ethical and other 

social criteria must always be applied beyond the narrow calculations of 
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any economic framework, including ENL.  The real issue is how to 

estimate the purely economic losses associated with consumption-related 

deaths. 

Fortunately, this type of problem has been thoroughly addressed by 

various governments and global organizations.  For example, the 

provincial government of British Columbia, Canada publishes statistics on 

the "potential years of life lost'' (PYLL) from different types of accidents, 

diseases, etc.  This measurement gives added weight to causes of death 

that afflict younger people.  For example, the PYLL measure is higher for 

car accident deaths than for prostate cancer deaths in part because 

teenagers tend to die in cars, whereas older men tend to die of prostate 

cancer.  In this sense, a death in the average fatal car accident is "worse" 

than the average prostate cancer death.  The Canadian government's 

version of this metric is YLL - years of life lost.  It also defines the HALY - 

health-adjusted life years, which combines YLL with year-equivalents lost 

to reduced functioning.  The HALY measure thus combines the quantity of 

life lost with the quality lost due to health impairment. 

On the global stage, the most common metric used in this connection 

is the DALY - disability-adjusted life years, which was formulated by the 

World Health Organization (WHO).  According to public health expert 

Barry Bloom: 

"These statistics tabulate the number of healthy years lost to injury, 

illness, and premature deaths and can be broken down in numerous 

ways: by disease, region, age, gender, and so on.  By allowing the 

effects of disease to be accurately tallied and tracked, DALYs have 

opened a new era in preventive health care."32 

This health-loss approach has been adopted by ENL.  If a 50-year-old 

dies from a drug overdose, and if this person was expected to live to age 

75, then the health that would have been gained by this person over those 

25 years is negated.  This is referred to in ENL as lost potential health.  

Such losses constitute a decrease in the output's potential value.  For a 

dangerous drug, the overdose deaths it typically causes would contribute 

to its negative potential value.  The same is true for cigarettes. Some of the 

negative potential value of this output is due to the severe health 

degradation caused by smoking.  For the most part, however, it is due to 

the stunning mortality, and thus the massive lost potential health, 

associated with this addiction. 

Some outputs are not inherently deadly, but still cause deaths from 

time to time.  Examples include meat (choking), baby cribs (suffocation), 

parachutes, and diving gear.  For such outputs, the deaths that typically 
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result from their utilization will cause their potential value to slightly 

decline. 

 

NEEDS AND WANTS 
ENL's value concepts are based on physical health, but there is clearly 

more to well-being than this.  Some consumption is desired not because it 

maintains our bodies, but because it is enjoyable.  As will be seen in future 

chapters, both health and enjoyment are valid criteria when making 

production decisions, and ENL thus requires terms to analyze both.  For 

this reason, a need is defined as a consumption desire that increases health 

when it is satisfied, whereas a want is a consumption desire that does not 

increase health when it is satisfied.  However, wants are potentially 

infinite, which means that their full satisfaction would inevitably lead to 

environmental damage.  For this reason a further distinction is required. A 

sanctioned want is one that society has decided to satisfy, and an 

unsanctioned want is one that society has decided not to satisfy.  In 

chapter five, after environmental constraints have been considered, I will 

discuss the factors that bear on these sanctioning decisions.  Figure 2-10 

illustrates the above terminology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note that needs and wants are references to consumption desires, not 

to the outputs that satisfy those desires.  This distinction is most obvious 

when an output that is ingested, such as food or drink, increases health at 
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low quantities but decreases it at higher quantities.  At low quantities an 

output like this satisfies a need, but when its effectual value drops below 

zero its consumption no longer increases health, and it therefore satisfies a 

want. 

Standard economics, which reflects the realities of capitalism, refuses 

to make the above common-sense distinctions.  The discipline of course 

acknowledges consumption desires through the concepts of subjective 

value and utility.  However, it does not split these desires into needs and 

wants, thereby ignoring the fact that some desires have an objective, 

physical basis, while others do not.  As well, because the standard 

discipline does not recognize wants in the ENL sense, it does not recognize 

the split into sanctioned and unsanctioned wants. 

 

 

 

                                                 

Notes 
1 I have attended university economics lectures where the professor, apparently without 
realizing it, flipped from use-value to exchange-value and back again.  This kind of 
intellectual sloppiness is rife in academe - something that shocked me deeply when I 
returned to university in middle age to study economics.  Moreover, it appears to be 
perfectly acceptable so long as the conventional dogma is being effectively conveyed.   
     Note that some authors, perhaps to avoid embarrassment on this score, employ the 
term "economic value."  However, this sidesteps the essential distinction and is therefore 
meaningless.  The pioneering ecological economist Nicholas Georgescu-Roegen, despite 
his many conceptual strengths, is a flagrant offender here. 

2 Adam Smith, An Inquiry into the Nature and Causes of The Wealth of Nations (Chicago: 
University of Chicago Press, 1976 - first published in 1776), 37.  A few pages earlier Smith 
states: "... labour be the real measure of the exchangeable value of all commodities ..." 
(Ibid., 35)  However, when Smith discusses market behavior, he ascribes a commodity's 
market price to "wages, profit, and rent" (Ibid., 62). 

3 Marx's labor theory of value is probably the most distorted social theory in history.  
Many commentators, such as Clive Ponting (A Green History of the World (New York: 
Penguin Books, 1991), 157) naively state that the theory judges value solely by human 
labor and thus disregards the contributions of nature.  Such comments not only ignore the 
distinction between use-value and exchange-value, they fail to acknowledge that Marx 
theorized about how capitalism in fact operates, not how he wished it to operate. 

4 The frequent omission of "value" is strange, because most standard thinkers innocuously 
interpret it as the consumer's willingness to pay for a commodity.  Possibly there is 
concern that the term will be interpreted as "exchange-value", which has become a taboo 
subject. 
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5 However, subjective value becomes ideological when it is used to guide or shape our 
economies.  Referring to the conservative economist Nassau Senior (1790-1864), 
economic historian E.K Hunt notes, "Senior asserted that no matter how unequally 
wealth might be distributed, 'no person feels his whole wants to be adequately supplied; ... 
every person has some unsatisfied desires which he believes that additional wealth would 
gratify.'  ... Therefore, we cannot make comparisons among individuals as to the amount 
of utility that they would receive or lose from an increment or a decrement in their 
wealth."  (E.K. Hunt, History of Economic Thought (New York: HarperCollins Publishers 
Inc., 1992), 178.) 

6 Karl Marx, Capital: A Critical Analysis of Capitalist Production (Moscow: Progress 
Publishers), Vol. 1, 43.  Volume one was first published in 1867. 

7 See Paul Hawken, Amory Lovins, and L. Hunter Lovins, Natural Capitalism: Creating the 
Next Industrial Revolution (New York: Little, Brown and Company, 1999). 

8 Smith, Wealth of Nations, 63. 

9 Paul Harrison, Inside the Third World: The Anatomy of Poverty, 2nd ed. (Bungay, Suffolk: 
Penguin Books, 1979), 300.  In a recent study that examined six leading medical journals, 
researchers at the University of Toronto found, "... a disconnect between what researchers 
are studying and the leading causes of death and disease around the world.  Diarrheal 
diseases, malaria, measles, malnutrition ... are rarely the subject of randomized clinical 
trials published in leading journals. ... but conditions that also affect the affluent, 
developed nations - HIV/AIDS, heart disease, and cerebrovascular disease - are routinely 
studied. ... The findings are further evidence of what's called the '10/90 gap' - the fact that 
less than 10 per cent of health research spending is directed toward conditions that 
account for 90 per cent of the global burden of illness and disease." (Helen Branswell, 
"Researchers neglect deadliest diseases," Toronto Globe & Mail, May 25, 2005, A19) 

10 Vance Packard, The Waste Makers (1960).  Packard tells a revealing story on p. 47 of this 
fascinating book.  The 1950s and 1960s were a time when many people still used potato-
peelers.  Although these items seldom wear out, marketers observed that a considerable 
number were sold each year.  They did some research and found that people inadvertently 
threw them out with the peelings, so they had to be replaced.  The marketing response 
was to encourage this loss by painting the peelers to look more like the peelings.  
However, this made the peelers an unattractive brown, so they were sold in bright 
packages to attract the buyer.  If you find this behavior disturbing, you have not fully 
internalized the logic of capitalism and should probably avoid a career in marketing or 
sales. 
     I can’t resist one more quote from Packard’s book.  This is by B. Earl Puckett, the 
chairman of Allied Stores Corp.: "Basic utility cannot be the foundation of a prosperous 
apparel industry ... We must accelerate obsolescence ... It is our job to make women 
unhappy with what they have ... We must make them so unhappy that their husbands can 
find no happiness or peace in their excessive savings." (p. 72)  Fortunately, my wife buys 
most of her clothes at 2nd hand shops. 

11 Peter Francese in Advertising Age, quoted in Michael Kesterton's "Social Studies," Toronto 
Globe & Mail, January 24, 2006, A28.  The consumerist ethic is nicely captured by the 
slogan in a Toyota automobile ad: "What you want is what you need." 

12 Herman Daly, Steady-State Economics (Washington: Island Press, 1991), 213.  Emphasis 
added.  Daly also acknowledged that subjective value contains the seeds of ecological 
disaster: "Since subjective individual wants are considered infinite as well as sovereign, 
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there is a tendency for the scale of activity devoted to satisfying them continually to 
expand."  (Ibid., 213)   However, as Daly’s ideas were incorporated into the academic field 
of ecological economics, they were stripped of embarrassing lapses such as objective 
needs, much as Adam Smith’s progressive musings in Wealth of Nations were expurgated as 
standard economics was developed.  I have not seen any recurrence of objective value 
among ecological economists since this essay was published.  The field's official position 
today is clear from a 2002 paper on the valuation of ecosystem services: "We use the term 
‘value’ to mean the contribution of an action or object to user-specified goals, objectives, or 
conditions."   (Stephen C. Farber, Robert Costanza, and Matthew A. Wilson, "Economic 
and ecological concepts for valuing ecosystem services," in Ecological Economics 41 (2002) p. 
375.  Emphasis added.) 

13 British economist Richard Douthwaite cites a study that asked 2,000 people in eight 
European countries how satisfied they were with life in general.  His summary:  "... the 
best predictor of whether people would say they were content was whether or not they 
were happy with their health."  (Richard Douthwaite, The Growth Illusion (Gabriola Island: 
New Society Publishers, 1992), 13.)  Also interesting is the consistent finding that beyond 
a threshold level, increased income does not increase happiness: "The scores show a 
correlation between subjective well-being and economic development.  Above about 
$13,000 of gross domestic product per capita, however - roughly half the American level - 
additional income does not seem to enhance reported well-being."  (Rodger Doyle, 
"Calculus of Happiness", Scientific American, November 2002, p. 32)  This implies that, 
based on the criterion of subjective happiness, about half of US production and 
consumption is superfluous. 

14 Irving Fisher, The Nature of Capital and Income (New York: Augustus M. Kelley, 1965 - 
first published in 1906), 176. 

15 Julian L. Simon, The Ultimate Resource 2 (Princeton: Princeton University Press, 1996), 
459. 

16 John Ruskin, The Works of Ruskin - Unto This Last (London: George Allen & Sons, 
1907). 

17 Ibid. - Munera Pulveris. 

18 I used the term "intrinsic value" for almost 15 years before discarding it.  I retained it 
that long because it was John Ruskin's choice, and because I felt that it effectively 
expressed an output's life-supporting or health-increasing capacity.  I finally relinquished it 
because biocentrism, especially the Deep Ecology movement, had succeeded in shifting its 
central meaning to the respect we should accord to non-human nature.  Although 
"potential value" lacks the historical heft of "intrinsic value", I feel it is an adequate 
replacement.  "Effectual value" has no well-known alternative meaning and has therefore 
been retained. 

19 Joseph Schumpeter, History of Economic Analysis (New York: Oxford University Press, 
1954) 991. 

20 Thomas F. Pawlick, The End of Food (Vancouver: Greystone Books, 2006).  In addition, 
research has shown that climate change will make many foods less nutritious by causing 
plants to produce less protein.  In experiments, protein levels fell by 15% for wheat, 
barley, rice, and potatoes.  ("Greenhouse double whammy for some crops ...", New 
Scientist, Jan. 5, 2008, p. 9).  Scientific American magazine recently reported on a 2004 
study that came to the same conclusion: "... fruits and vegetables grown decades ago were 
much richer in vitamins and minerals than the varieties most of us get today. The main 
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culprit in this disturbing nutritional trend is soil depletion: Modern intensive agricultural 
methods have stripped increasing amounts of nutrients from the soil in which the food 
we eat grows. Sadly, each successive generation of fast-growing, pest-resistant carrot is 
truly less good for you than the one before."  (Scientific American website, April 27, 2011, 
"Dirt Poor: Have Fruits and Vegetables Become Less Nutritious?")  These observations 
are not new: the nutritional disaster posed by soil depletion was spotted 60 years ago by 
Aldo Leopold.  See A Sand County Almanac (1949), p. 222. 

21 A British study in 2007 determined that the 10 worst drugs - i.e., those with the greatest 
negative potential value - are the following, starting with the worst: heroin, cocaine, 
barbiturates, street methadone, alcohol, ketamine, benzodiazepines, amphetamine, 
tobacco, and buprenorphine. ("Alcohol, tobacco among worst drugs", CNN website, 
March 23, 2007.  Story from The Associate Press.) 

22 An apparent breakthrough in this area is the electronic cigarette, which does not burn 
tobacco.  It dispenses nicotine by vaporizing a liquid, but does not produce tar or toxic 
smoke, thereby reducing the health risk for both the smoker and those in the vicinity. 

23 This is similar to the confusion, pointed out by Marx in Capital, between a necessary 
and a value-adding factor in capitalist production. 

24 Michael Albert, The Trajectory of Change: Activist Strategies for Social Transformation 
(Cambridge, Mass.: South End Press, 2002), 31.  In a similar vein, an amendment to a UK 
housing bill in 2004 proposed that homeowners should be forced to rent out properties 
that have stood empty for more than six months.  The Labour backbencher who 
introduced the measure explained that, "... there is widespread support in the country for 
making best use of the existing homes before we get on building more homes."  About 
750,000 homes are standing empty in the UK at any one time.  The plans would have 
covered 300,000 homes.  ("Plans to force owners to rent out empty homes", Guardian 
website, May 11, 2004). 

25 Herman Daly has mentioned the satiation effect, although in an ambivalent manner and 
without developing it systematically: "Evidently ascetics believe that once the body is 
maintained at minimal levels, further stocks just get in the way of true welfare.  Without 
going that far, we may question whether there are not some basic limits on service [want 
satisfaction] imposed by the limited capacity of the human nervous system to experience 
the service."  Steady-State Economics, 37. 

26 Richard G. Lipsey et al., Economics 4th ed. (New York: Harper & Row, 1982), 6. 

27 Joan Robinson, Economic Philosophy (Chicago: Aldine Publishing, 1962), 135. 

28 "Americans Toss Out 40 Percent of All Food", Live Science, Robert Roy Britt, 
November 27, 2009 . 

29 I confess that the division between the realms of production and consumption is to 
some degree arbitrary.  Others may choose to extend the realm of production until 
outputs are actually in consumers' hands - that is, until the outputs have left the stores. 

30 Paul Harrison, Inside the Third World: The Anatomy of Poverty, 2nd ed. (Bungay, Suffolk: 
Penguin Books, 1979), 169.  Historian Maurice Dobb cites an extraordinary example of 
crowding in pre-revolutionary Russia: "... an investigation of 1908 showed that 60 percent 
of textile workers live more than one family to a room (inhabitants curtained off 
'corners'), and that on an average a whole family occupied the incredibly small space of 
ten square feet."  (Maurice Dobb, Soviet Economic Development since 1917 (New York: 
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International Publishers, 1948), 58f.)  I have tried to imagine a family living in ten square 
feet (a little more than a square yard), but am unable to do so. 
     For a recent example of crowding in a rich country, consider the "capsule" hotels that 
have appeared in Japan.  The rooms, or "capsules", are about 6 1/2 feet long, 5 feet wide, 
and not tall enough to stand up in.  They have become permanent residences for an 
increasing number of unfortunate workers.  ("For Some in Japan, Home Is a Tiny Plastic 
Bunk", by Hiroko Tabuchi, New York Times, January 2, 2010.) 

31 See www.nationmaster.com and search on "persons per room". Sources cited include 
the United Nations Secretariat, the United Nations Centre for Human Settlements 
(Habitat), and the Compendium of Human Settlement Statistics 2001. 

32 Barry R. Bloom, "Public Health in Transition," Scientific American, September 2005, 95. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 3 
Production and Cost  

 

 

 

In this chapter we move from consumption and its associated value 

concepts to production and its associated cost concepts.  Remember that 

value and cost are intimately related: ENL's estimate of a final output's 

value is the degree to which it increases human health through 

consumption, whereas its estimate of a final output's cost is the degree to 

which it decreases human health through production.  Without this 

converse relationship, value and cost would be incommensurable, and a 

coherent economic framework would be impossible. 

As with value in chapter two, I offer a condensed history of cost to 

give the reader some perspective on this crucial concept. 

 

ALLOCATION AND PRODUCTION 
Figure 3-1 repeats the first figure in chapter two, this time highlighting the 

initial stage of the economic process - allocation and production. 
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As noted earlier, allocation refers to the decisions that determine 

which inputs will be used to produce which outputs.  Allocation thus 

precedes production in time.  Prior to the start of any production activity, 

economic decision-makers must specify the ends to which workers, 

natural resources, buildings, land, machines, and so forth will be 

employed.  One of the most significant differences among economies is 

which economic actors make these decisions, and what criteria they use in 

making them. 

ENL’s criterion for economic success is sustainable well-being, and 

allocation must therefore serve this end.  Ignoring wants for now, this 

means that those making allocation choices must be aware of the 

prospective health consequences of their decisions.  They must therefore 

consider effectual value, which implies that their vision must extend 

beyond production to distribution and consumption.  Although the above 

diagram focuses on the role of allocation in linking inputs with outputs, it 

must be remembered that doing so rationally implies a deep 

understanding of the entire economic process.  Allocation is not only the 

most crucial economic activity because of its broad consequences, it also 

makes the heaviest demands on our information sources, our intellects, 

and our ethical sensibilities. 

The scope of production, by contrast, is much narrower.  Since 

allocation decisions have already been made, those engaged in production 

know which outputs should be produced, and at what quantities.  The 

challenge faced at this stage is simply to produce these outputs at the 

highest possible quality and with the least damage to workers, the 

population as a whole, and the environment.  The concepts introduced in 

this chapter are intended to help a society successfully meet these 

allocation and production challenges. 

Figure 3-1: The economic process.  An economy comprises four major economic 

activities.  Distribution and consumption were discussed in chapter two; allocation and 

production are addressed here. 
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A BRIEF HISTORY OF COST  
Compared to value, cost has had a much quieter ideological history, at 

least on the surface.  Smith defined it as the amount of money a capitalist 

must pay out to produce a commodity.1  Marx had very little to say on the 

subject, although his interpretation was similar to Smith's - cost is the 

capitalist's total outlay in production.2  However, a very different 

interpretation of cost was occasionally expressed by economic thinkers.  

Marx used the terms "real cost" and "social cost" when he discussed the 

pain, toil, disease, and pollution experienced by workers and society at 

large, although he did not formalize this notion.  Alfred Marshall similarly 

referred to the pain or disutility of work as a cost. 

The troublesome contradiction between these two interpretations of 

cost - the capitalist’s financial outlay and social pain - was resolved for 

standard thinkers with the concept of opportunity cost, which is usually 

defined as the value of the best forgone alternative action.  In the context 

of production, opportunity cost means the following: if a set of inputs is 

used to produce commodity A when it could have been used to produce 

best alternative commodity B, then the opportunity cost of producing A is 

the value of B.  In other words, opportunity cost measures the relative 

merits of allocating inputs to various production possibilities through the 

alternative benefits that are expected to result. 

Opportunity cost avoids the outlay-pain confusion by dissociating 

cost from the production process and attaching it to alternative 

consumption benefits.  In the words of Frank Knight, a pioneering 

standard economist: 

"If costs are stated in terms of alternative commodities and all 

reference either to 'sacrifice' or 'outlays' simply omitted, we retain the 

scientific content of cost of production theory while side-tracking the 

sources of a century and a half of controversy."3 

The following is a classic contemporary statement on this topic: 

"If you purchase a house, you may not be able to afford to eat at 

expensive restaurants as often as in the past.  If a firm decides to 

retool its factories, it may have to postpone plans for new executive 

offices.  If a government expands its road networks, it may be forced 

to reduce its outlays on school buildings.  Economists say that the 

true costs of such decisions are not the number of dollars spent on the 

house, the new equipment, or the roads, but rather the value of what 

must be given up in order to acquire the item - the restaurant meals, 

the new executive offices, or the new schools.  These are all 

opportunity costs because they represent the opportunities the 
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individual, firm, or government must forego to make the desired 

expenditure."4 

In standard economics today, two concepts of cost are generally 

recognized.  The first is opportunity cost, which reigns supreme as a broad 

explanatory principle, especially in introductory economics classes.  The 

second is "accounting cost."  This is the "outlay" idea noted above, and is 

normally used when the nitty-gritty of market behavior is discussed.  One 

economics text I own includes both terms in its glossary, but uses "cost" by 

itself to mean accounting cost.  The definition it provides is, "Total 

payment made by a firm for the services of factors of production."5 

It is worth nothing that, of the three cost concepts that have arisen in 

the history of standard thought, opportunity cost and outlay survive, but 

pain is gone.  The disappearance of this intuitively obvious interpretation 

is of deep ideological significance, and is usually kept well hidden.  The 

following statement is the only one I have ever encountered in the 

standard literature that reveals the true situation: 

"We caution that 'labor, toil, trouble, and pain' are not what is meant 

by costs.  'Bads' associated with an action are not its costs; they are 

part of the act."6 

While the conservative authors of this text deserve credit for their 

candor, they neither reveal the history nor explain the logic behind their 

assertion. 

 

OPPORTUNITY COST:  THE GREAT DECEPTION 
Opportunity cost is singled out for more extensive treatment here because 

of its far-reaching human and ecological significance, and because it 

appears to have an intoxicating effect on thinkers, both inside and outside 

the economics profession. 

An example of someone outside the field who fits this profile is the 

progressive scholar for whom I did book research at university.  When 

opportunity cost came up in one of our discussions he nearly swooned at 

the concept's subtlety and incisiveness.  Although he was deeply 

suspicious of standard economics as a whole, he was convinced that at 

least this idea was solid, and that it was therefore the indispensable 

foundation for a new mode of economic thought.  Among specialists in the 

field the situation is, if anything, worse: the ideological origins of 

opportunity cost are completely ignored and the concept is considered 

utterly inviolable. 

The truth about opportunity cost should be evident from the above 

historical sketch: it is not cost.  As stated, it is a forgone consumption 
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benefit arising from allocation, not a loss incurred in production.  It is 

what we could have gained, not what we did in fact lose.  As will be 

explained further below, a forgone benefit and an actual loss are both 

sacrifices, but in entirely different senses that must be kept carefully 

separate.  Since opportunity cost became the predominant cost concept in 

the early 20th century, most economists have bypassed "true cost" - the 

damage to people and nature in production - and have focused their 

attention on a related but different subject - allocation.  Despite its lavish 

press, opportunity cost is a cheap bit of conceptual legerdemain that has 

been astonishingly successful in diverting attention away from the 

injuries, deaths, and ecological destruction that accompany many 

production activities. 

The success of the opportunity cost concept cries out for an 

explanation, so let me try to provide one.  The concept is usually 

introduced to students as follows:  Assume you have a free hour in your 

busy day at school, and you're deciding how to spend it.  Your two best 

options are to study in the library and to attend a documentary film in the 

theater.  If you choose to study, you forgo the film.  Watching the film is 

therefore the opportunity cost of studying.  Conversely, if you choose to 

attend the film, you forgo the study option.  Studying is therefore the 

opportunity cost of attending the film.  Another version of this lesson is to 

focus on money rather than time.  You have ten dollars to spend.  Your 

best options are ... and so forth. 

Most economics students nod their heads vigorously at stories like 

these because they make perfect sense.  Students have understood for 

years that choices must be made with respect to time and money, and that 

making such choices entails the sacrifice of alternative possibilities.  Now 

they have been informed that their intuitive understanding is formally 

recognized, has an impressive technical name, and is a linchpin in the 

subject they’re studying.  For those who continue in economics, this 

revelatory experience is often the first step in a lifelong commitment to 

opportunity cost as the field's most fundamental and unchallengeable 

tenet.7 

Note what such stories achieve.  First, they equate the world of 

personal experience with the economic world of allocation and 

production, although there is little similarity between the two.  Second, 

they apply the word "cost" to a forgone alternative - a crucial but highly 

misleading association.  And third, they establish the idea that all 

resources are essentially the same as time and money - that is, they are 

capable only of being spent.  These subtle falsehoods, along with the true 

nature of cost, can be explained more fully with reference to figure 3-2. 
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At left are four types of "resources"8 used in production, divided into 

two categories. In the first category are time and money, which are non-

material in nature and therefore not subject to wear and tear in 

production.  They can be spent, but not damaged or degraded, and can 

thus be called non-degradable resources.  In the second category are people 

and nature.  Even if we leave ethical issues aside, these are fundamentally 

different from time and money in that they are material, and thus subject 

to wear and tear in production.  Like non-degradable resources they can 

be "spent", but they can also be damaged or destroyed.  They can thus be 

called degradable resources.  The distinction between these two types of 

resources is critical to the protection of humankind and the environment, 

but it is one that standard economics categorically refuses to make.  This 

refusal is at the heart of the massive deception known as opportunity cost. 

When a non-degradable resource is allocated to alternative A rather 

than B, the only sacrifice incurred is the benefit associated with the 

consumption of alternative output B.  The diagram thus shows that they 

entail only opportunity cost.  On the other hand, when a degradable 

resource is allocated to alternative A rather than B, two distinct sacrifices are 

made.  The first is the benefit associated with B, as before.  In addition, 

however, we must count the concrete results of the production process: the 

damage to people, such as injuries, diseases, and deaths, and the 

degradation of nature, such as habitat destruction and pollution.  In the 

diagram, these negative effects are indicated by the downward-pointing 

Figure 3-2: Opportunity cost and real cost.  Only opportunity cost applies 

to “resources” such as time and money, which can be spent but not 

degraded.  People and nature, when treated as economic resources, can be 

both spent and degraded in production, so real cost also applies.   
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arrow.  As the diagram indicates, these two cases entail both opportunity 

cost and "real cost". 

Let me be clear: ENL does not reject opportunity cost.  However, the 

framework notes the concept’s limitations and refuses to apply it beyond 

these boundaries.  As has already been emphasized, ENL recognizes that 

allocation is a critical economic task.  It therefore accepts opportunity cost 

as a valid concept with respect to allocation and incorporates it as such 

into the theory - albeit under a name that expunges the deceptive word 

"cost".  But in addition to this, ENL recognizes "real cost" as the damage to 

a degradable input.  These two sacrifices are discussed later in this 

chapter. 

What is particularly bizarre is that, although opportunity cost is at the 

core of their discipline, standard economists appear to have spent very 

little time thinking about the concept.  According to Cornell economist 

Robert Frank, "Virtually all economists consider opportunity cost a central 

concept.  Yet a recent study by Paul J. Ferraro and Laura O. Taylor of 

Georgia State University suggests that most professional economists may 

not really understand it."9  In the study cited, 200 economists were asked to 

specify the opportunity cost involved in choosing between a free Eric 

Clapton concert and a $40 Bob Dylan concert.  The correct answer was 

chosen by 22% of these scholars - worse than would be expected from a 

random pick. 

A final word on this topic: Those wishing to cling to opportunity cost 

as the sole economic sacrifice, and thus as a comprehensive conception of 

cost, may propose that we extend its meaning so that it applies to the 

damage discussed above.  For example, we could speak about allocating 

worker injuries to this project or that, thereby making human damage 

amenable to opportunity cost calculations.  This, however, is just another 

way of conflating allocation and production.  Allocation refers to the 

assignment of resources to production alternatives, not to the assignment of 

the damage those resources may incur in the chosen production activity.  

There is no escaping the fact that two discrete sacrifices exist on the 

allocation-production axis, and that two separate concepts are required to 

address them. 

 

DEFINING PRODUCTION 
Before ENL’s concepts of allocation and production sacrifices are 

discussed, the term “production" must be clearly defined. 

Production is the conversion of selected inputs into an output, which 

can be either a material object like a cup, desk, or barrel of oil, or an end-
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user service like medical care or bartending.  Inputs are resources such as 

human labor and natural materials, assets such as machines and buildings, 

and productive services such as those used in accounting and financial 

management. 

Production typically occurs at all stages of the output life cycle.  For 

example, a final output is produced from inputs, but most inputs must 

themselves be produced as intermediate outputs.  Once a final output has 

been produced, outputs are often required in its consumption.  An 

airplane, for instance, needs fuel, and this fuel must be produced.  The 

airplane must also be maintained, which requires spare parts.  These parts 

must be produced as well, and the maintenance service itself counts as 

production.  Production is also involved in an output's disposal stage - 

when the plane is disassembled for parts or possibly junked. 

A contentious issue, but one that must be addressed here, is whether 

caring for dependent human beings should be counted as production.  If 

you feed your own child, are you producing something?  If not, is it 

production when you feed an elderly resident as part of your job at a 

nursing home?  As in all social matters (and even in the physical sciences), 

gray areas exist and mature judgments must be made.  The appropriate 

question to ask when making such judgments is this: Is it reasonable and 

ethical to apply economic criteria to the activity in question? 

When a parent feeds a baby, neither the child nor the feeding process 

is normally treated as an output.  As well, parents don’t optimize their 

feeding activities by estimating when the marginal cost of their efforts 

exceeds the marginal benefit of the baby’s sustenance.  The driving forces 

in feeding a child is parental love, not benefit and cost.  Clearly, then, 

feeding a baby is not an economic activity - specifically, it is not 

production. To a lesser degree, the same comments apply to cooking meals 

and otherwise caring for a family’s non-dependent members. 

The nursing home case is dramatically different.  Under current social 

arrangements most nursing homes are profit-oriented enterprises, and the 

attendants are wage-earning employees.  Although the employees may 

show considerable compassion to those in their care, the predominant 

relationship between them is commercial.  The cost-benefit criterion can 

thus be applied, and the feeding of a resident can reasonably be construed 

as the production of a feeding process. 

The related issue of housework is much simpler.  Housework is the 

maintenance of an output such as a house or apartment, and is 

unambiguously seen as production from the ENL perspective.  Although 

rarely done, it would be perfectly reasonable to compare the marginal 

gains and losses incurred when cleaning a residence, and to stop dusting 
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and scrubbing when these are judged to be equal.  This happens to be my 

approach, although my wife does not concur. 

The conceptual position taken here should not be confused with the 

political position adopted by those who demand financial compensation for 

“unpaid labor.”  Economist Marilyn Waring summarizes this stance as 

follows in her book, If Women Counted: 

“I am talking about attributing a monetary valuation to unpaid work, 

productive and reproductive.  This process, called imputation, would 

make this work visible, influencing policies and concepts, and 

questioning values.”10 

Waring’s primary aim here is not to develop an economic framework 

that will take us beyond capitalist logic, but to apply political, moral, and 

intellectual pressure so as to improve women’s lot within the prevailing 

order.  Her aim is certainly worthwhile, but it is short-term and reform-

oriented, and thus fundamentally different from ENL’s purpose. 

 

FORGONE HEALTH AND INPUT COST 
What is sacrificed in the allocation of inputs to a specific output is the 

possibility of using these same inputs in other production to gain 

alternative benefits.  This is the sacrifice that standard economics calls 

opportunity cost.  For inputs that are immediately used up in production, 

such as fuels, this statement is true as it stands.  For inputs that are not 

immediately used up, such as workers, tools, buildings, or recyclable raw 

materials, the statement refers to concurrent production activities.  It is not 

possible to use a specific set of workers to build a bridge and a dam 

simultaneously, but the workers could build both structures at different 

times. 

Although the allocation sacrifice refers to a potential rather than an 

actual loss, it is nevertheless highly significant for an economic framework 

such as ENL.  If inputs are misallocated, resulting in fewer benefits than 

could have been achieved from alternative production, human lives can be 

lost or severely degraded.  This means that the concept of opportunity 

cost, in this limited application, accurately reflects the sacrifice made in 

allocation.  ENL refers to this sacrifice as forgone health.  As explained 

earlier, the word "cost" is avoided in this context because ENL does not 

recognize an allocation sacrifice as a true cost. 

Although forgone health is very similar to opportunity cost, it will be 

useful to explain the concept again, this time using ENL terms exclusively.  

Assume that a set of inputs can be employed to produce one of three 

outputs: A, B, and C.  Based on analysis and experience, it is estimated that 
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the eventual health gains from these outputs will be 20 units, 15 units, and 

10 units respectively.  In this situation, if we choose to produce B, the best 

alternative is A, which results in 20 units of sacrificed health.  The same is 

true if we choose C.  If we choose A, however, the best alternative is B, 

resulting in 15 units of sacrificed health.  Choosing A thus minimizes 

forgone health, which is ENL's aim for rational allocation. 

The second sacrifice relates to the health impact on human beings 

from production, and in this context the term "cost" fully applies.  The 

death of a worker is a cost.  So is a worker's disability through injury or 

disease.  Less obviously, the impact on human health from the emission of 

production wastes into the environment is a cost.  In general, any direct or 

indirect health damage to humankind resulting from production is a cost 

that must be set against the gains achieved from consuming the associated 

final outputs. 

This second type of sacrifice, informally called "real cost" above, is 

called input cost in ENL.  Like potential and effectual value, input cost is 

objective, not subjective.  It has two components, reflecting the direct and 

indirect effects of production on health.  The direct effects are mostly 

experienced by workers engaged in the production process. Such effects 

include excessive fatigue, debilitating stress, injuries, diseases, and deaths.  

These are referred to collectively as labor cost.  The indirect effects, 

through the environmental changes resulting from production, are 

experienced by both workers and the population at large.  These are 

referred to collectively as natural cost.  Just as potential and effectual 

value apply to the duration of a final output's useful existence, input cost 

applies to the duration of these health effects.  For example, if a worker 

contracts an occupational disease in a factory, the input cost involved 

depends on the health loss for the entire disease period, not just the period 

during which production takes place. 

ENL expresses no views on the question of who makes allocation 

decisions.  This could be done by individuals, groups, communities, 

corporations, states, or governments.  While this is an extremely important 

issue, it is primarily political rather than economic, and therefore beyond 

the framework’s analytical scope.  Let me now move on to discussing 

labor cost and natural cost in detail, as well as considering some related 

concepts. 

 

LABOR COST 
Labor is the human input to production.  It includes all activities, such as 

transportation to and from the work site, that are immediately necessary 

for workers to engage in a production process.  However, it excludes 
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education, training, and other preparatory activities, which are not part of 

the production process per se. 

The two determining factors in labor cost are labor quality and 

quantity.  Labor quality refers to such factors as the intensity of work, the 

presence of hazardous materials and dangerous machinery, and stressful 

relationships. It also refers to work that is conducted at night.  In 2007 the 

International Agency for Research on Cancer ruled that overnight shifts 

probably increase the risk of developing cancer.  The Danish government 

has compensated women who developed breast cancer after working 

night shifts for a long period.11  Some night work - police, medical staff, 

etc. - is necessary for most societies, but this necessity should not be 

allowed to obscure the fact that these activities incur a relatively high labor 

cost. 

High labor quality is characterized by such conditions as a clean 

working environment, tolerable noise levels, and manageable stress.  

Particularly important is labor intensity. When this is low or moderate, 

workers can avoid exhaustion, take frequent breaks, and have time to 

observe safety standards, thus avoiding most injuries.  For those doing 

work that requires fine motor skills - factory assembly, sewing, typing, etc. 

- eyestrain and repetitive strain injuries may not have a chance to develop.  

For those in stressful personal situations, frequent breaks may provide 

opportunities to relax and vent. 

Labor quantity simply refers to the hours of labor.  This is represented 

indirectly on most ENL graphs by the output quantity produced in a unit 

of time, on the assumption that labor productivity is constant.  For 

example, if it takes eight hours for a group of workers to produce 100 units 

of an output, then 75 units will be produced in six hours, 50 units in four 

hours, etc.  Higher production quantities are therefore associated with 

higher labor quantity, which for a constant number of workers means a 

longer work-day.  The assumption of constant labor productivity will be 

removed in chapter seven, which closely examines this important topic. 

Labor cost rises with labor quantity for two reasons.  The first is that 

the negative aspects of labor quality - stress, exhaustion, noise, toxins, etc. - 

increasingly damage workers as the work-day becomes longer.  Such 

effects tend to accumulate in the body, much like environmental 

contaminants accumulate in nature.  The risk of thresholds effects is also 

present - a human being who is pushed to the limit of stress or noise can 

suffer a collapse that is analogous to the collapse of ecosystems at their 

tipping points.  As well, injuries will likely escalate among time-harried 

workers.  This is rarely acknowledged by standard economists, although 

Richard Lipsey and his co-authors once provided a commendable 
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exception.  Writing in the early 1980s, before neoconservatism had shifted 

their discipline decisively to the right, they stated candidly that, "Growth 

in productivity has often been accompanied by increased pollution and 

more industrial accidents."12 

The second reason why labor cost increases with labor quantity is that 

more hours at work means fewer hours available for other life activities, 

such as leisure and sleep.  Human beings need adequate leisure time to 

recover from intense work activities, and like other organisms they require 

adequate sleep to keep their bodies fully operational.13  For many people, 

especially the working poor, the most destructive aspect of work is often 

not the labor itself, but the excessive number of hours they spend getting 

to their jobs, working, and then getting back home.  Especially if these 

workers have small children or other time-consuming responsibilities, 

they will be deprived of sufficient sleep and leisure, and their bodies will 

suffer significantly as a result. 

Figure 3-3 depicts labor cost of low, average, and high labor quality.   

As noted, labor productivity is assumed to be constant, so labor quantity 

increases at a constant rate with output quantity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If the graph causes you some confusion, recall that cost is the converse 

of value.  Whereas positive value increases health, positive cost decreases 

it.  Similarly, negative value decreases health, while negative cost increases 

it.  The middle curve, which represents average labor quality, begins in the 

negative range, which means that the health effects of this labor process 

are initially positive.  The curve rises as labor quantity increases, and at 

output quantity Q1 labor cost becomes positive, indicating that the health 

effects have become negative.  It is extremely important to keep this 
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converse relationship in mind, so let me repeat: positive cost means negative 

health effects, and negative cost means positive health effects. 

If labor is of high quality, the cost curve will start below the average 

curve and may never become positive as labor quantity increases.  On the 

other hand, if labor is of low quality, the cost curve will start above the 

average curve and will move rapidly upward.  Workers in a coal or 

uranium mine could be engaged in such labor, which may be destroying 

their health even when output quantity, and thus labor quantity, is 

relatively low. 

In chapter seven the question will be asked: to what degree should 

labor productivity be increased so as to maximize overall health?  

Although other factors are involved, a key factor here is labor quality.  If 

labor quality is low, as in the top curve, productivity should be 

maximized: we want to drive labor quantity to the left as far as possible in 

order to reach the lowest point on the labor cost curve, thus minimizing 

the negative health effects.   If labor quality is average, as in the middle 

curve, productivity should increase until labor cost becomes zero.  At that 

point all positive cost has disappeared, but all negative cost has been 

retained, thus maximizing health gains.  Finally, if labor quality is high, as 

in the bottom curve, productivity should be minimized.  If labor results in 

health gains at all quantities, then any decrease in labor will also decrease 

the health that results.  Of course, the last conclusion sharply contradicts 

standard thought, which seeks to maximize labor productivity 

unconditionally. 

 

LABOR COST:  SOME EXAMPLES 
Very little evidence has to date been published to support the idea that 

labor can increase health.  The reasons for this are unclear to me.  Perhaps 

it is simply an oversight, or perhaps there is an ideological or practical 

reason for researchers to avoid this topic.  On the other hand, the evidence 

for the destruction of health through labor is voluminous.   For instance, 

take this item from the Guardian: 

"An American study published in the Journal of Occupational and 

Environmental Medicine said that overtime and extended work 

schedules are associated with an increased risk of hypertension, 

cardiovascular disease, fatigue, stress, depression, musculoskeletal 

disorders, chronic infections, diabetes, and other general health 

complaints.  In Japan, most karoshi victims succumb to brain 

aneurisms, strokes and heart attack."14 



68  /  THE ECONOMICS OF NEEDS AND LIMITS 

The article points out that these deleterious effects begin at about 45 

hours per week - far fewer than the actual number of hours worked in 

many rich countries today. 

Two of the major links between work and ill health are stress and 

lapses in concentration from fatigue, thus leading to accidents.  Stress 

turns out to be the silent killer of the labor process, and it is important to 

understand how it works.  Biologist Paul Ewald explains the mechanism 

for one specific pathogen in his book, Plague Time: 

"Herpes simplex viruses keep a low profile by hiding out in the 

neurons.  There they are relatively safe because an immune system 

that destroys neurons could irreparably cripple the body.  When a 

person is under stress, the viruses in the neurons break their latency 

and begin producing progeny, which migrate down the neuronal 

fibers."15 

In other words, our bodies are loaded with explosive viral 

components, primed for detonation when highly stressful conditions arise.  

This is especially true for the chronic stress associated with powerlessness 

and insecurity, as in the so-called menial occupations. 

In the rich countries there has been a broad downward trajectory in 

the frequency of workplace-related injuries, which is certainly a positive 

development.  However, this statistical trend could be masking some grim 

realities.  A story in the New York Times stated that American employers 

routinely underreport work-related injuries and illnesses, and that 

workers are pressured to do the same.  A report by the Government 

Accountability Office indicates that up to two-thirds of injuries and 

illnesses are thereby kept off the books.16 

While high labor cost is pervasive, it is largely invisible to the public.17  

In The End of Food, Thomas Pawlick cites a study that reported on the 

detrimental health effects of work in hog confinement buildings.  The 

effects include cough, phlegm, scratchy throat, runny nose, burning and 

watery eyes, headaches, chest tightness, shortness of breath, wheezing, 

muscle aches and pains, and long-term lung damage.18  On the personal 

level we easily forget about such worker experiences when we fry our 

bacon and pork chops.  In economic analysis, however, they must be 

included in the labor costs that are set against the health benefits we gain 

from consumption. 

The high human cost of certain types of labor was fully recognized by 

novelist Herman Melville.  The following passage is from Moby Dick: 

"... upon one particular voyage which I made to the Pacific, among 

many others we spoke [communicated with] thirty different ships, 

every one of which had had a death by a whale, some of them more 
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than one, and three that had each lost a boat's crew.  For God's sake, be 

economical with your lamps and candles! not a gallon you burn, but at least 

one drop of man's blood was spilled for it. 19 

Of course we must also ask why all this work is being done in the first 

place.  Many recent thinkers have remarked on the absurdity of overwork 

in technologically sophisticated economies, but a long work-day was 

already deemed unnecessary in the late 19th century.  In 1899 Peter 

Kropotkin, a Russian anarchist and peasant activist, wrote the following: 

"... if we take into account how few are the real producers of wealth in 

our present society, and how squandered is their labour, we must 

recognize that [Benjamin] Franklin was right in saying that to work 

five hours a day would generally do for supplying each member of a 

civilised nation with the comfort now accessible for the few only.20 ... 

[Y]ou will be struck to see with what facility and in how short a time 

your needs of dress and thousands of articles of luxury can be 

satisfied, when production is carried on for satisfying real needs 

rather than for satisfying shareholders by high profits, or for pouring 

gold into the pockets of promoters and bogus directors."21 

 

Before leaving this subject, let me identify an exception to the 

definition of labor cost.  As stated, this is mostly experienced by workers, 

who are directly engaged in production processes.  However, members of 

the public can be hurt or killed by indirect and inadvertent participation in 

these processes.  Examples are a construction crane that topples and 

injures nearby office workers, and a transport truck that plows into a 

passenger vehicle and kills its occupants.  Such injuries and deaths involve 

non-workers, but they are directly related to production and are therefore 

considered to be part of labor cost in the ENL framework. 

 

WORKER PARTICIPATION RATE 
A striking feature of progressive thought is the divergence of views 

regarding the desirable level of employment - what is here called the 

worker participation rate.22  For some thinkers, work is an abomination 

that should be suffered by no-one, while for others it is a wondrous 

opportunity that should be shared by all.  Murray Bookchin is in the first 

category.   In Post-Scarcity Anarchism he praised the Dadaists, “those 

magnificent madmen”, for demanding “unemployment for everybody”.23  

However, E.F. Schumacher held precisely the opposite view.  In Small is 

Beautiful he summarized the Buddhist perspective on work and then 

commented: 
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“... to strive for leisure as an alternative to work would be considered 

a complete misunderstanding of one of the basic truths of human 

existence, namely that work and leisure are complementary parts of 

the same living process and cannot be separated without destroying 

the joy of work and the bliss of leisure.”24 

For ENL the question must be settled according to its principles.  We 

must therefore ask: What worker participation rate will maximize 

aggregate health?  The answer to this follows from the shape of the labor 

cost curve.  As we have seen, this slopes upward, reflecting the increasing 

levels of stress, injuries, deaths, etc. that accompany a longer work-day.  

With a rising cost curve, a greater number of workers will always result in 

higher aggregate health when output quantity is kept constant.  This can 

be illustrated with reference to figure 3-4, where labor cost is depicted as a 

straight line for simplicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assume that twenty workers are currently employed, and that each 

produces a quantity of Q1, with a work-day of corresponding length.  

Each worker thus incurs a labor cost of -400 + 400 = 0, for a total labor cost 

of zero among the work force.  Now assume that twenty more workers are 

allocated to the production of the same total quantity.  Each worker thus 

produces a quantity of Q2, which corresponds to a work-day that is half 

the initial length, with a labor cost of -400.  In this situation, positive labor 

cost is not incurred by any worker.  The total labor cost among the work 

force is now 40 * -400 = -16,000.  A minus cost is a health gain, so this 

represents a substantial increase in total health.  As you can see by looking 

Figure 3-4: Worker participation rate.  Because the labor cost curve slopes 

upward, total labor cost decreases as the number of workers increases.  The 

correct worker participation rate is therefore the maximum feasible rate. 
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at the graph, or by doing a little more arithmetic, this total continues to 

increase as more workers are allocated to the same production task. 

This leads to a general conclusion: with continuously rising labor cost, 

aggregate health from labor is maximized when the worker participation 

rate is maximized for a given quantity of work.  There are of course 

practical limits to the number of workers that can be fruitfully engaged in 

any production process, based on technical requirements, space 

considerations, etc., but within these limits we should always strive to 

engage as many workers as possible.  On analytical grounds ENL 

therefore sides with Schumacher, rather than Bookchin and those mad 

Dadaists, regarding the “employment” issue. 

There is a catch, however.  If we consider individual workers rather 

than the social aggregate, the participation rate should increase only until 

labor cost decreases to zero.  In the example depicted, this would mean 

allocating 40 workers, but no more.  Any additional workers would 

increase total health, but would also decrease the health of those already 

employed.  In a sense, the new workers would be “stealing” good work 

from existing workers.  Although this is socially fair - healthful work 

should be shared - it could create resentment among the existing workers.  

You may recall that a similar conflict arose in the last chapter in relation to 

crowding.  It thus becomes clear that the opposition of interests between 

individuals and their society is to some degree an inescapable feature of 

collective life, and does not necessarily signal defective social 

arrangements. 

 

MALDISTRIBUTION OF LABOR 
Unlike standard economics, which applies the concept of distribution 

exclusively to final outputs, ENL applies it to final outputs, labor, and 

wastes.  The reason for this more extensive treatment is that all three 

factors can be socially assigned to individuals in ways that significantly 

affect aggregate health.  In other words, they are all subject to 

maldistribution.  In the last chapter maldistribution was discussed in 

relation to final outputs.  In this section it is extended to labor, and in a 

later section to wastes. 

As stated in chapter two, an output is perfectly distributed when each 

unit is consumed by the person who can convert its potential value into 

the highest possible effectual value.  The analogous statement in the 

present context is that labor is perfectly distributed when each unit of 

labor time - say an hour - is assigned to the worker who incurs the lowest 

possible labor cost.  If labor cost is negative, this points to the worker who 
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will gain the most health from working this hour.  If labor cost is positive, 

it points to the worker who will lose the least health.  Any distribution of 

labor that does not satisfy this criterion is called labor maldistribution. 

When dealing with outputs a central concept is consumption capacity 

- the aggregate ability to transform potential value into effectual value.  

This capacity depends on the number of consumers and their overall 

pattern of satiation.  The equivalent concept in the labor context is 

absorption capacity: the aggregate ability to maximize the health effects of 

labor, or - what amounts to the same thing - to minimize labor cost.  This 

again depends on the number of people involved and their “satiation” 

pattern.  Because the latter term is an awkward fit here, ENL uses the term 

saturation instead.  Thus, the absorption capacity for labor depends on the 

number of workers, the overall pattern of labor saturation for these 

workers, and labor distribution.   See figure 3-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The bottom curve, labeled LCp, reflects perfect distribution for labor - 

in this case for labor that is of high quality (largely negative cost).  Each 

labor unit is performed by the worker who can maximize the labor's health 

effects.  The flat portion of the curve is relatively long, indicating that the 

labor saturation point is not reached until well into the work-day.  The 

curve moves gradually upward and becomes positive when the work-day 

becomes excessively long, thus transforming beneficial labor into labor 

that is detrimental to health. 

Figure 3-5: Maldistribution of labor.  Like final outputs, labor is subject to 

maldistribution.  This occurs when the next unit of labor time does not go to 

the worker who is most able to absorb it - that is, to minimize labor cost.  

Labor maldistribution is the difference between the LCm (maldistribution) 

and LCp (perfect distribution) curves. 
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The top curve, labeled LCm, reflects the maldistribution of labor and 

the diminished absorption capacity that results.  Analogous to output 

maldistribution, this modifies the curve in three ways: the flat portion is 

shortened, the entire curve is shifted upward, and the curve rises more 

steeply than before.  In this case labor cost is still negative when the work-

day begins, but this is not necessarily true.  If the degree of maldistribution 

were to increase further, the LCm curve could begin in positive territory, 

indicating that the health effects of labor are negative from the very 

beginning of the work-day. 

As with allocation generally, ENL is neutral regarding the social 

mechanism used to allocate labor.  It is clear, however, that in a rational 

economy we should carefully consider how labor is assigned, always 

striving to minimize labor maldistribution and thus to maximize the 

aggregate health achieved during the work-day. 

 

NATURAL COST 
In the last chapter I stated that value and cost pertain to humankind alone.  

If follows that natural cost does not refer to environmental damage itself.  

Instead, it refers to the human health effects associated with such damage.  

It is thus an indirect rather than a direct effect of production.  

Environmental degradation is obviously addressed in ENL, but this is 

done by treating the environment as a constraint, not as a cost.  

Constraints are addressed through environmental limits, which are 

discussed in chapter five. 

This dual approach to the environment reflects the two key 

dimensions of the ecological problem.  The first dimension consists of 

short-term environmental effects such as pollution and noise that 

predominantly affect human beings who are currently alive.  The second is 

the longer-term threat of ecological decline and collapse that could 

devastate future human beings.  This chapter addresses those now living.  

Unlike the unborn, their health can be measured, and the concepts of value 

and cost can therefore be applied to them. 

Natural cost, like labor cost, can initially be positive or negative, and 

tends to increase at the margin.  It is positive when production degrades 

the environment such that health is adversely affected.  It is negative when 

a cleaner or more habitable environment is created, resulting in increased 

health.  Because input cost is the sum of labor cost and natural cost, 

natural cost is graphically depicted as the difference between the input 

cost curve and the labor cost curve.  See figure 3-6. 
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Natural cost tends to increase at the margin because wastes typically 

accumulate in the environment, as does the impact of habitat destruction 

on non-human species.  This will cause an escalating effect on humankind, 

which is depicted by the growing space between the two curves.  The 

decision to represent labor cost as the bottom curve and natural cost as the 

difference between the curves was made for two reasons.  First, labor cost 

is the direct effect of production, whereas natural cost is the indirect effect.  

It seems more appropriate to explicitly depict the direct factor.  Second, 

natural cost is more likely to be positive across the entire range of an 

output’s quantity, thus preventing the two curves from crossing and 

keeping such graphs relatively uncluttered. 

It is important to understand that, even if the analyst has chosen 

regional geographical scope, the natural cost of local production is always 

considered on a global basis.  When greenhouse gases escape from a 

region, or when agricultural phosphates invade an international 

waterway, the worldwide health impacts of these environmental effects 

are counted as a natural cost for the region that initiated the damage.  In 

this sense there are no environmental "externalities" in ENL - while 

external physical effects are possible when regional scope is employed, 

their health consequences are always included in the originating region's 

economic calculus. 

Given today's mounting alarm about the environment, research on the 

harmful ecological effects of production is even more prolific than for the 

deleterious effects of labor.  Here are a few recent examples: 

 "A University of Texas study found a possible link between 

childhood leukemia and living close to the city's refinery row along 

the Houston Ship Channel ... living within two miles of elevated 

Figure 3-6: Natural 
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levels of 1,4-butadiene around the ship channel's petrochemical 

complex was associated with a 56 percent increased incidence of 

childhood acute lymphocytic leukemia compared with those living 

more than 10 miles away ... ."25 

 "A recent study conducted by New York University confirmed the 

link between bouts of asthma and one particularly disagreeable 

component of diesel exhaust — elemental carbon, also fittingly 

known as black soot. ... The solution lies in reducing the city’s 

dependence on trucks."26 

 "Chemical pollution may have harmed the brains of millions of 

children around the world in what scientists [at the Harvard School 

of Public Health] are calling a "silent pandemic". ... The main 

exposure to the pollutants is through contamination of the 

environment during manufacture, when the chemicals seep into 

ground water, are carried in air, or contaminate food."27 

In dealing with pollution, particular attention must be paid to the 

vulnerable members of a population, who are affected much more 

severely by environmental toxicity than its healthy members.  

Unfortunately, federal standards in the U.S. are set by exposing robust 

adults to pollutants, thus ignoring the heightened sensitivities of the very 

young, the very old, and anyone whose immune system or general health 

has been significantly compromised.28   This difference in vulnerabilities 

within a population is one aspect of the next topic to be discussed, the 

maldistribution of wastes. 

 

MALDISTRIBUTION OF WASTES 
Recall from chapter one that wastes are the material residues of economic 

activities, and therefore include pollution, discarded production materials, 

and discarded outputs.  Because these residues can be harmful to human 

health, their distribution among countries, regions, neighborhoods, and 

individuals is an important topic.  The concept of maldistribution is 

therefore appropriate in this context. 

Wastes are qualitatively very different from labor, and we have to 

think about them in a different manner.  By its nature, labor must be 

absorbed by human beings if the work is to be performed.  However, 

human beings are by no means compelled to absorb wastes.  In principle, 

all wastes could be diverted away from human habitation and processed 

by the environment.  Recall that our concern at this point is not 

environmental degradation, but determining how the natural cost 
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experienced by human beings can be minimized.  Clearly, the best way to 

do this is to ensure that wastes don’t impact people at all.  However, this 

will likely fail to at least some extent.  We must therefore seek to perfectly 

distribute the wastes that have entered the human domain.  Akin to labor 

cost, this is achieved when each unit of waste is assigned to the person 

who incurs the lowest possible natural cost.  Any distribution that does 

not meet this criterion is called waste maldistribution. 

As with labor, a population has an absorption capacity for wastes.  

This refers to the group's aggregate ability to minimize their negative 

health effects.  The two factors previously cited apply here as well.  The 

absorption capacity for a waste depends on the number of people involved 

and on the overall pattern of tolerance for the waste.  “Tolerance” refers to 

the point where the absorption of a waste begins to degrade health.  As 

noted above, this capacity is strongly affected by a population’s most 

vulnerable members.  See figure 3-7. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

This graph is somewhat unusual because it depicts natural cost (NC) 

explicitly.  As we saw earlier, ENL normally depicts natural cost as the 

difference between the labor cost and input cost curves.  Another unusual 

aspect of the graph is that the natural cost it depicts is restricted to 

pollution and similar wastes, thereby excluding habitat destruction and 

other environmental changes associated with production.  A final point is 

that wastes are assumed to be capable of decreasing but not increasing 

health.  This means that, although natural cost in general can be positive, 

zero, or negative, in this context it is restricted to being either zero or 

positive.  Let's now examine the graph and extract it meaning. 

The lower curve, labeled NCp, reflects the perfect distribution of 

wastes.  Until output level Q1 is reached, the population is below its 
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tolerance level for the waste in question, and no natural cost is therefore 

incurred.  Beyond this point, natural cost becomes positive, and the curve 

rises slowly in accordance with the population’s waste absorption 

capacity.  Now assume that maldistribution occurs.  That is, some of the 

waste is assigned to individuals who have already reached their tolerance 

level, even though others are below this point.  This typically occurs when 

pollution “hotspots” are permitted to form.  Another possibility is that 

waste is assigned to the most vulnerable, which occurs when we ignore 

different sensitivity levels for environmental toxins.  In such cases, the 

population’s absorption capacity declines and the tolerance level shifts left 

to Q2.  In other words, aggregate health will begin to degrade at a lower 

output quantity than previously.  In addition, the natural cost curve rises 

more steeply than before.  As shown, the difference between the two 

curves represents the maldistribution of wastes. 

An excellent example of such maldistribution appeared in a New York 

Times article: 

“The South Bronx is home to miles of expressways, more than a 

dozen waste-transfer stations, a sewage-treatment plant and truck 

traffic from some of the busiest wholesale produce, meat and fish 

markets in the world. It is also home to some of the highest asthma 

hospitalization rates for children in the city. The N.Y.U. study found 

that the students were exposed to high levels of air pollutants in their 

neighborhoods and that children in the South Bronx were twice as 

likely to attend a school near a highway as were children in other 

parts of the city.”29 

In this situation, let’s assume that the expressways and plants are 

socially necessary and that their wastes cannot be diverted away from the 

New York City population.  Under these conditions, the wastes mentioned 

in the article should be distributed among the five boroughs rather than 

being concentrated almost exclusively in the South Bronx.  It is of course 

impossible to apportion each unit of waste individually and to achieve 

perfect waste distribution, but a cruder approach could still be effective.  

Perhaps the sewage treatment plant could be located on Staten Island 

rather than in the Bronx, and the waste-transfer stations could be placed in 

Queens and Manhattan.  More people would then suffer from the 

pollution, but the waste absorption capacity of New York’s population 

would rise, and the aggregate health damage would decline.  The current 

maldistribution of wastes in New York, and in many other cities around 

the world, clearly reflects the political clout of the rich in diverting wastes 

away from themselves and toward the area’s less affluent inhabitants.  

ENL's concepts cannot prevent this clout from being exercised, but it can 



78  /  THE ECONOMICS OF NEEDS AND LIMITS 

certainly help the poor in exposing the irrationality of waste 

maldistribution, thereby allowing them to more effectively express their 

anger and concern. 

 

CROWDING 
The phenomenon of crowding as it relates to consumption was introduced 

in chapter two.  We saw that, as more residents “consume” a house, 

cumulative health eventually flattens out, declines, and possibly becomes 

negative.  A similar effect is evident in the production sphere, particularly 

in relation to the various modes of transportation that take people to and 

from work.   For example, consider the old and badly maintained buses 

that are heavily used in poor countries.  These are frequently involved in 

serious accidents when they become overcrowded.  Another example is 

ferries in countries like Indonesia and Bangladesh.  These capsize all too 

often due to overloading, resulting in the drowning deaths of dozens and 

sometimes hundreds of people.30 When people are injured or die in such 

accidents, ENL counts this as an increase in labor cost.  The trips are 

assumed to be an unavoidable part of the labor process, and any negative 

health effects must therefore be counted against the effectual value of the 

outputs produced.  See figure 3-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This graph is similar to the one that depicted consumption crowding 

in chapter two.  It has total health on the vertical axis and users per output 

on the horizontal axis.  The curve isolates the health effects of 

transportation - that is, it does not depict labor cost as a whole.  This 

means that the health effect shown must be added to the other 

components of labor cost for this production process.  Until a bus or ferry 

is loaded to its safe capacity, the danger to its passengers is relatively low.  

Figure 3-8: Crowding.  
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This is indicated by the horizontal portion of the curve.  Averaged over 

time, the labor cost from injuries and deaths in this baseline situation is 

H0.  When the number of users rises beyond the conveyance’s safe 

capacity at U*, the risk of accidents increases sharply, as do the negative 

health effects. 

The optimum number of users in this situation is U*.  At this point the 

conveyance is fully used, but without increasing the baseline danger level.  

Crowding begins after U*, when the accident rate starts its rapid rise.   If 

the number of users increases to U1, a health loss of H1 is incurred.  As 

stated, this is an incremental factor, which must be added to the other 

components of labor cost for each worker on the bus or ferry.  In a rational 

economy, whatever is being produced by these workers must create 

sufficient effectual value to cover the health cost of not only the labor 

process and the natural effects of production, but also the perils of 

traveling on an overloaded bus, train, or ferry. 

 

DEATHS FROM PRODUCTION  
In chapter two I discussed ENL’s method for quantifying the health effects 

of deaths that are attributed to consumption.  You may recall that various 

national and international organizations have developed measures, such 

as the PYLL (potential years of life lost), to account for the fact that a 

young person’s death is, in an important sense, more serious than an older 

person’s death.  ENL has adopted this approach, and refers to its measure 

as lost potential health.  In the context of consumption, this means 

decreased potential value.   In the context of production, it means 

increased labor cost or natural cost. 

Consider a 30-year-old steelworker who dies while constructing a 

building.  If this worker was expected to live to age 75, he or she will lose 

the health that would have been gained over the 45 years from ages 30 to 

75.  This labor cost must be added to the overall labor cost of constructing 

the building.  Similarly, if 10,000 people around the world have shortened 

lives because of air pollution caused by local production, then the lost 

potential health due to these early deaths must be added to the natural 

costs of the associated outputs. 

 

VALUE, COST, AND THE OUTPUT LIFE CYCLE 
Figure 3-9 repeats the output life cycle diagram from chapter one, but adds 

the value and cost concepts discussed in this and the preceding chapter. 
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Note that potential value applies only to the final output, and that 

effectual value applies only to the consumption of this output.  Input cost, 

however, applies to all stages of the output's life cycle because production 

is typically required at each stage. 

This diagram is important because it captures the essence of ENL's 

approach to the gains from economic activities, which is discussed in the 

next chapter.  In this approach, effectual value is compared to life-cycle 

input cost.  If effectual value is greater than input cost, people within the 

geographical scope of analysis will gain health from this output at the 

current quantity.  Ignoring ecological limits, the output should thus be 

produced at this quantity unless a better allocation choice is available.  If 

effectual value is less than input cost, health is being lost, and the output 

should be produced at a lower quantity, or possibly not at all. 

I emphasize that such a conclusion is not intended to be definitive, but 

rather to serve as ENL's contribution to a broader social decision regarding 

the output's production.  In effect, ENL says the following to economic 

decision-makers: Here are the potential health effects of a decision to 

proceed with the production of this output at the suggested quantity.  You 

presumably understand that the health standard was not chosen 

arbitrarily, but rather reflects the vital needs of present humankind and 

Figure 3-9: Output life cycle in relation to value and cost.  All stages in a 

final output’s life cycle typically incur input cost, but only the consumption 

stage creates effectual value.  For an output’s production to be rational, its 

effectual value must be greater than its life-cycle input cost. 
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the opportunities for life and health of future humankind.  If you choose to 

override ENL's conclusion, ensure that you have fully weighed the ethical 

implications of your decision and that you have rationally balanced ENL's 

health results with all relevant non-health factors. 

To make this perspective more concrete, consider the announcement 

in February 2007 that the International Linear Collider (ILC), an advanced 

atom-smasher, could be built in five years with 22 million worker-hours.31  

Assume that the labor cost and natural cost of this project will both be 

modestly positive.  The health gains from "consuming" the collider are 

likely to be zero.  The collider's net health effects are thus projected to be 

modestly negative.  In addition, analysis will likely conclude that there are 

numerous ways to allocate the 22 million worker-hours to alternative 

production so that significant health gains could be achieved. 

On this narrow basis, an ENL-based analyst would reject the collider's 

construction.  To override this rejection, social deliberation would have to 

conclude that the benefits to humankind from the expected advances in 

fundamental knowledge will offset not just the actual health lost (the life-

cycle input cost), but also the forgone well-being from employing 22 

million worker-hours to build the collider instead of producing the best 

available output alternatives.  The point is not that the collider’s 

construction should be cancelled, but that a social process such as this is 

necessary before it can legitimately proceed. 

A letter-writer to New Scientist magazine captured the spirit of this 

approach perfectly.  The topic was NASA's claim that postponing a space 

program would have "devastating consequences" for our understanding of 

the cosmos.  The writer wryly commented that, "I decline to be devastated 

by the idea.  The cosmos has been there for a long time and the chances are 

that it will survive for later study even if NASA's plans are delayed for a 

couple of hundred years.  I would be much happier if the money and 

effort from that programme were devoted to ensuring that we will still be 

here in a couple of hundred years."32 

 

ALLOCATION EFFICIENCY 
As explained previously, allocation is the critical social process of 

assigning inputs to the production of outputs, thereby initiating the whole 

chain of economic activities.  If inputs are misallocated, health 

maximization will be impossible, no matter how efficiently the subsequent 

tasks are performed. 

One measure of allocation success is forgone health, which is 

analogous to opportunity cost in standard economics.  Forgone health is 
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the health that would have been gained by producing the best alternative 

output to which a set of inputs could have been applied.  As with 

opportunity cost in standard thought, this sacrifice should be minimized 

when allocation decisions are made.  ENL’s second measure of allocation 

success is allocation efficiency (Ea).  This is a ratio, expressed as a 

percentage: the gains from allocating inputs to the selected output divided 

by the maximum gains that could have been achieved by allocating the 

same inputs to the best alternative output.  That is: 

Ea = (Gains/Maximum gains * 100)% 

For example, if the estimated gains from an allocation choice are 30 

units of health, and the estimated gains from the best alternative are 120 

units, then the allocation efficiency of this choice is 25%.  If the best 

alternative is chosen, the actual and maximum gains are equal and 

allocation efficiency is 100%. 

Until we reach chapter eight the possibility of trade is ignored, and all 

outputs are therefore assumed to be locally produced and consumed.  

However, it should be pointed out that trade further complicates the 

allocation problem because it becomes possible to allocate inputs to an 

output that will be exported.  Allocation efficiency can help us address this 

task more intelligently.  The aim in allocation is to maximize allocation 

efficiency, and this holds no matter where consumption and production 

take place.  Allocation efficiency thus includes the trade possibility and 

can help us make complex decisions in an open economy. 

 

PRODUCTION EFFICIENCY 
E.F. Schumacher's Small is Beautiful includes the following jarring passage: 

"The most striking thing about modern industry is that it requires so 

much and accomplishes so little.  Modern industry seems to be 

inefficient to a degree that surpasses one's ordinary powers of 

imagination.  Its inefficiency therefore remains unnoticed."33 

Schumacher's defends this statement by noting that the world's most 

advanced industrial economy, the United States, uses enormous quantities 

of resources for relatively unimpressive human results: 

"An industrial system which uses forty per cent of the world's 

primary resources to supply less than six per cent of the world's 

population could be called efficient only if it obtained strikingly 

successful results in terms of human happiness, well-being, culture, 

peace, and harmony.  I do not need to dwell on the fact that the 

American system fails to do this."34 



PRODUCTION AND COST  /  83 

One can debate the degree to which the United States is successful in 

human terms, but Schumacher's main point is indisputable: the efficiency 

of industry must be measured, at least in part, by its human results in 

relation to the inputs it requires.  To be analytically useful, however, his 

sweeping claims must be converted into well-defined statements.  The 

issue here is not the efficiency of "an industrial system", but of production 

itself, and specifically the production of a final output.  Similarly, the 

human results cannot include the non-economic issues of happiness and 

peace, but must focus on health exclusively.  Finally, the production stage 

of a final output cannot be held accountable for inefficiencies elsewhere in 

the output life cycle.  A factory, for example, cannot be blamed if the social 

act of distribution channels the bulk of its outputs to those who have 

already reached satiation.  With these caveats clearly stated, we can 

proceed. 

To identify the restricted responsibilities of the economy’s production 

phase, ENL uses the concept of potential gains.  This is the difference 

between a final output's potential value (PV) and the input cost (IC) 

incurred during its production, at the quantity specified by the allocation 

decision: 

Potential gains = PV - IC  

Effectual value is absent here because this is beyond the purview of 

production activities.  Similarly, the input cost used in this context is not 

the life-cycle input cost, which is too broad to attribute entirely to 

production, but the input cost incurred during the production phase itself.  

This excludes the natural cost and labor cost associated with resource 

extraction, consumption, maintenance, and disposal.  Finally, potential 

value refers to delivered potential value, which is what remains after the 

output loss caused by transportation to the sphere of consumption has 

been subtracted.  The reference here is to the first “leak” in the pipeline of 

figure 2-7. 

With this definition in place, it can be stated that a production process 

should strive to maximize the potential gains of its output while 

minimizing the quantity of its required inputs.  Production efficiency (Ep) 

measures the degree to which this is successful, and is thus defined as the 

ratio between potential gains and input quantity (Qi).  That is: 

Ep = Potential gains/Input quantity 

Ep = (PV - IC)/ Qi 
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For generality, input quantity can refer to a single input, such as hours 

of software programming, or to a combination of inputs, such as days of 

construction labor plus the use of a backhoe. 

Input quantity is the correct denominator here because a decrease in 

production resources is in most cases conducive to greater overall health.  

If input quantity is reduced for a specific production process, a promising 

choice opens up for those making allocation decisions: they can leave the 

input quantity unchanged, thereby increasing output quantity, or they can 

reduce input quantity and redirect the unused inputs to the production of 

different outputs.  If neither option will increase health, the inputs can be 

left unused.  For natural resources this could mean a reduction in 

environmental damage, while for labor it could mean a welcome 

shortening of the work-day. 

Because the definition of production efficiency includes potential 

value, the measure can be applied either to a final output or to a sequence 

of production stages that results in a final output.  If the analyst wants to 

judge the production of any other part of the output life cycle, potential 

value is not available and production efficiency cannot be determined.  To 

use an earlier example, the production of jet fuel results in an intermediate 

output that is required for the utilization of airplanes.  The potential value 

resides in the airplane, however, and not in the fuel it utilizes.  In all such 

cases, production can be judged only by input cost and - as we will see in 

chapter seven - by labor productivity. 

There is an important dimensional difference between allocation 

efficiency and production efficiency.  Allocation efficiency is a pure 

number expressed as a percentage, which means that all such efficiencies 

are commensurable.  Production efficiency, however, is a ratio of mixed 

dimensions:  health divided by the quantity of an input or input mix.  This 

means that production efficiencies are incommensurable unless the input 

mix is substantially the same.  It is possible, for example, to compare the 

production efficiencies of several three-worker construction crews if they 

all use nail guns and electric saws.  However, it is impossible to compare 

production efficiencies between such a crew and one that uses six workers 

but avoids automated tools.  This incommensurability is unfortunate, but 

it is inevitable for a logic that dispenses with the money measure and 

focuses instead on the concrete realities of humankind and nature.  We 

will meet this problem again when dealing with an economy’s total 

outputs in the next chapter. 
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RANKING PRODUCTION FACILITIES 
The concept of potential gains, which was introduced above, can also be 

used to rank production facilities.  Up to this point it has been implicitly 

assumed that all facilities capable of producing an output at a specific 

quantity will do so with the same results for value and cost.  This is 

unlikely to be true.  A particular manufacturing plant may have superior 

production methods and stricter quality controls than others in its 

industry, resulting in above-average potential value.  A specific farm 

might be extremely careless with pesticides and herbicides, resulting in 

above-average natural cost.  Because of differences such as these, ENL 

needs a method for determining which production facilities should be 

preferred to others.  The production of final outputs is considered first.  

See the two graphs in figure 3-10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Facility A and B produce the same output, and both are able to 

produce quantity Q in a specified period of time.  At facility A, however, 

potential value is higher and input cost is lower than at facility B.  This is 

evident from the larger potential gains area for facility A.  If these are the 

only two facilities producing this output, production should initially take 

place at facility A.  I say “initially” because potential gains decrease at the 

margin, as is evident by the shrinking distance between potential value 

and input cost in both cases.  Once these marginal gains are lower for 

facility B than for facility A, incremental production should shift to facility 

B. 

If facility A is located at a greater distance from consumers than 

facility B, more of its output may be spoiled or destroyed en route, and 

Figure 3-10: Ranking two production facilities.  Facilities are ranked according to 

the potential gains they achieve in producing the assigned quantity of an output. 
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more natural cost may be incurred through pollution from trains and 

trucks.  The additional output loss would decrease the potential value of 

A's outputs, and the additional natural cost would increase A's input cost.  

Recall, however, that ENL considers transportation to be part of the 

production process.  This means that the effects of distance and 

transportation are already captured by the two graphs and do not alter the 

ranking.35 

Facilities that produce intermediate outputs must also be ranked. 

Examples include the production of coal, trucks, and fuel for ships.  

Because potential value is absent in such cases, potential gains cannot be 

used, and the ranking must be based entirely on input cost.  For example, 

an iron mine that produces a specific quantity of iron with the lowest 

number of worker injuries and deaths, and with the least habitat 

destruction and other environmental damage, will have the lowest input 

cost.  This mine will thus contribute least to the life-cycle input cost of the 

associated final outputs.  On the assumption that this mine uses the same 

input quantities as other mines, it would initially be the preferred iron 

producer in an ENL-driven economy. 

 

DEFINING WELL-BEING 
To this point I have been using "well-being" informally, with the 

conventional meaning of satisfactory conditions for human existence.  

Now that some core ENL concepts have been established, it is possible to 

offer a formal definition.  To fully capture human experience, the term 

must refer to a combination of health achievement and want satisfaction.  

Unfortunately, this runs into the problem of incommensurability.  Health 

is objective and directly measurable, whereas want satisfaction is 

subjective and measurable only in the indirect sense, through the 

expenditure of money.  There is no generally valid way to combine these 

two discrete components into a single measure. 

The solution to this quandary is two-fold.  First, ENL defines well-

being not as a measure but as a goal: the achievement of maximum health 

from consumption and production, plus the satisfaction of all sanctioned 

wants.  Thus, well-being means the maximization of effectual value from 

consumption, the minimization of input cost from production, and the 

satisfaction of all wants that have been socially approved.  This definition 

avoids the incommensurability issue while retaining the required 

combination of health and wants.  The second aspect of the solution is to 

acknowledge that a society can combine health and want satisfaction into 

a single measure according to its own criteria, just as discrete components 

are today combined by standard economists to form an index of stock 
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prices.  This would make well-being a fully quantifiable concept within a 

specific social context.  For the remainder of this book the above definition 

will be employed, and well-being will therefore refer to a goal rather than 

a quantifiable concept. 

 

ENL’s APPROACH TO VALUE AND COST 
This chapter and the last have introduced ENL’s concepts of value and 

cost.  The next task is to apply these concepts to the construction of various 

analytical tools.  Before doing so, however, let me make a few summary 

comments about these foundational ideas. 

The fact that health can both increase and decrease means that value 

and cost in ENL can be either positive or negative.  Something we 

consume can be nutritious and thus have positive value.  But consumption 

can also be detrimental, for example through mercury pollution in fish, 

certain fats in fried foods, and ingredients that lead to obesity.  Such effects 

are captured through negative value.  Similarly, when we engage in 

production we can incur injuries or debilitating fatigue.  These are positive 

costs, resulting in lower health.  But labor can also enhance our fitness and 

vitality, resulting in negative costs and higher health. 

This perspective will likely entail a mental adjustment for many 

economic thinkers because they are accustomed to monetary 

interpretations of value and cost.  While negative numbers frequently 

occur in accounting, the use-value or utility of commodities is always 

positive.  There is no analogue in standard thought to ENL's negative 

potential and effectual value.  Likewise, when a capitalist purchases labor, 

materials, and other inputs, the monetary outlays will invariably be 

positive - there is no analogue to negative input cost.  This aspect of ENL's 

value and cost concepts is necessary given the subject matter it addresses: 

the complex, largely material world of humankind and nature, where both 

enhancement and degradation are possible.  Under capitalism these 

complexities are reduced to one-dimensional monetary representations, 

which are duly reflected in the one-dimensional quantities of standard 

economics.  Figure 3-11 graphically depicts the two-sided nature of ENL's 

key quantities. 
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The health of human beings increases from economic activities that 

result in either positive value or negative cost.  These are shown in the 

middle of the diagram.  Conversely, health decreases from activities that 

result in either negative value or positive cost.  These are shown at top 

right.  When losses are subtracted from gains, the result is the net health 

achieved.  This is the overall impact on health from engaging in economic 

activities, and is shown in the diagram at bottom right.36  Hopefully this 

simple picture will help the reader overcome any residual puzzlement 

about ENL's value and cost, and we can proceed to the maximization of 

gains in chapter four. 
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33 Schumacher, Ibid., 125. 

34 Schumacher, Ibid., 126f. 

35 We have to be careful not to fixate on transportation in deciding which production 
facility to use: “... while it might seem logical that the further an item of food journeys, the 
more carbon emissions it generates, this turns out not to be the case. When you count the 
energy used by harvesting and milking equipment, farm vehicles, feedstock and chemical 
fertilizer manufacture, hothouses and processing factories, transportation emerges as just 
one piece of the carbon dioxide jigsaw puzzle. ... Sometimes this might mean choosing 
products with far-off origins because the methods used to raise or process them are more 
environmentally sustainable than the local equivalent.” (“The Deep-Fried Truth” by Sarah 
Murray, New York Times, December 14, 2007.)  Most studies that draw such conclusions 
are suspect because they come from organizations - such as the Times - that are deeply 
committed to capitalist globalization.  Nevertheless, an underlying truth probably remains. 

36 In this respect ENL is similar to cost-benefit analysis (CBA) in standard economics.  
However, the value and cost quantities used in CBA are based on the conventional 
concepts of subjective value and opportunity cost, not on objective value and cost.  In 
addition, ENL applies to all major economic activities, not just government projects and 
selected private projects. 
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Chapter 4 
Maximizing Gains 

 

 

 

This chapter marks a shift from ENL's basic concepts to its core analytical 

tools.  These tools are intended to assist us in directing the economy 

towards sustainable well-being.  They must therefore address the gains 

derived from outputs, the environmental constraints on production and 

consumption, and the appropriate population level.  The first of these 

tasks is addressed in this chapter.  The last two are addressed in chapters 

five and six. 

Because there are strong interactions among gains, environment, and 

population, a systematic approach is necessary to avoid errors and 

confusion.  With this in mind, the present chapter deals with gains in 

isolation from the environment, and assumes that the population level is 

fixed.  Its conclusions are therefore tentative.  Chapter five modifies these 

conclusions by taking the environment into account, but it retains the 

assumption of a fixed population.  Chapter six finalizes the conclusions by 

considering the effects of population changes.  Needless to say, real-world 
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economies will not follow this artificial pattern: its only purpose is the 

logical development of ENL's analytical components. 

The maximization of human gains from economic activities is a broad 

topic that includes two specialized areas - labor productivity and trade.  

Because these areas require fairly extensive treatments, they are deferred 

until the core components have been presented.  This means that I will 

return to gains in chapter seven, which deals with labor productivity, and 

in chapter eight, which discusses trade. 

 

OPTIMIZATION 
In general, to "optimize" means to achieve the best possible outcome, 

based on the stated objective and any restrictions that apply.  In standard 

economics a typical optimization involves the maximization of utility 

within the restriction of a financial budget.  In ENL, optimization refers to 

the extraction of the greatest possible health from an economic activity, 

without regard to environmental limits.  More specifically, ENL's 

optimization answers the following question: for a given final output, 

what quantity should be produced during the period in question so as to 

maximize gains?  This question is considered first with respect to the short 

run, during which the value and cost curves are fixed.  It is then 

considered with respect to the long run, where basic economic conditions 

can be modified, thus allowing the curves to change their positions and 

shapes. 

The distinction between the short run and long run is an important 

one, so let me clarify it before proceeding.  The short run is distinguished 

by changes that are predominantly behavioral rather than physical.  At 

least in principle, a society could one day decide that it was drastically 

over-consuming, and immediately lower its consumption level.  This 

would quickly reduce the natural flows associated with its production and 

consumption.  Output quantities and natural flow rates can thus change in 

the short run.  This is also true for distribution, which is driven by 

considerations of fairness and equity that could shift rapidly. 

Population change is clearly in a different category.  Sharply reducing 

a society’s population would entail not just behavioral modifications, but 

also the physical realities of births and deaths.  Similarly, changes in 

potential value and input cost typically require physical modifications to 

production methods, as well as technological changes that depend on the 

physical processes of experimentation and testing.  This means that 

population, potential value, input cost, and technology are in the long-run 

category.   Let me now return to the question of optimization. 



MAXIMIZING GAINS  /  95 

Technically speaking, optimization applies only to final outputs.  This 

is because the method deals with gains, which require the availability of 

both effectual value and input cost.  An intermediate output is not directly 

consumed and therefore does not result in effectual value, which means 

that its optimum quantity cannot be directly defined.  However, I find it 

convenient to relax the terminology here and to apply the term "optimum" 

to intermediate outputs as well.  This is discussed further below. 

Optimization requires the consideration of life-cycle input cost.  Recall 

from chapter three that this is the inclusive interpretation of input cost - 

the aggregate of all five life-cycle stages, from resource extraction to 

disposal.  Unless specifically stated otherwise, this is how input cost 

should be interpreted in this chapter. 

To begin, note that the value and cost curves introduced in the last 

two chapters can be combined in a single graph, as shown in figure 4-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following a convention used in standard economics, the symbol “Q*” 

(pronounced "Q-star") denotes the optimum quantity, which in ENL's case 

means the health-maximizing output quantity.  The unadorned symbol 

“Q”, you may remember, denotes the current quantity - that is, the 

quantity actually being produced during the specified time period.  In 

figure 4-1, the current output quantity is higher than the optimum output 

quantity. 

Figure 4-1:  Combining the value and cost curves.  This diagram shows all 

the value and cost curves discussed in the previous two chapters.  For many 

analytical purposes, only the effectual value and input cost curves are 

relevant. 
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The above graph includes four curves, which explicitly depict the two 

types of value and two of the three types of cost.  Natural cost is also 

present, but as an implicit quantity - the difference between the input cost 

and labor cost curves.  However, for many analytical purposes only the 

actual health effects are relevant, and in such cases this graph is 

unnecessarily complex.  Potential value refers to possible health rather 

than realized health, and labor cost is just one component of input cost.  

Thus, when analysis requires only the consideration of actual health, both 

of these curves can be omitted.  This is done in the next few discussions for 

simplicity.  The other curves will return when the long run is considered 

and all relevant economic factors must be taken into account. 

In the descriptions below I repeat some of the principles that were 

introduced in the previous two chapters.  This is intended to help the 

reader come to grips with ideas that are presumably unfamiliar.  As well, 

in several of the explanations I initially avoid using the term "marginal" in 

order to simplify the presentation.  I then switch to a more technical mode 

in order to describe the graphs and to present additional details. 

 

HOW MUCH BREAD? 

OPTIMUM QUANTITY FOR A FINAL OUTPUT 
If we are trying to maximize gains, the most basic task is to determine the 

optimum quantity for a single final output, such as bread.  Remember that 

ENL is intended to provide broad economic guidance only.  Thus, to 

determine an optimum quantity does not mean to calculate a precise 

number, but to produce an estimate that is sufficient for such social 

direction.  The specific numbers below are intended for explanatory 

purposes only. 

Imagine that we are members of a small, self-contained economy.  

There is by assumption no trade, so all values and costs are experienced by 

the members themselves.  Our task is to decide how many loaves of bread 

our economy should produce so as to maximize the resulting health.  

Fortunately, this society is perfectly democratic, so there is no political or 

other interference with our choice.  What method should we use in making 

our decision?  The correct approach is to use marginal analysis to 

determine the optimum number of loaves based on the current value and 

cost curves for this final output. 

The optimization rule is straightforward: increase the output's 

quantity until its cost is equal to its value.  The first type of value to 

consider in implementing this rule is potential value: the maximum 

capacity of a loaf of bread to increase our health.  Let's say this capacity is 
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100 health units.  Potential value is defined as a maximum capacity 

because it assumes perfect consumption conditions, no matter how much 

is produced and consumed.  The bread's potential value of 100 health units 

is thus a constant number. 

Potential value is the necessary starting point for this analysis, but it is 

only a potential - considered by itself, it has no effect on health.  The 

realization of this potential, which will determine the actual health our 

society will gain from bread consumption, depends on the attainment of 

effectual value.  This is the result of three factors: the destruction of bread 

that may occur through output losses, the bread’s distribution, and the 

satiation we experience when it is consumed.  Maldistribution and 

satiation are directly related - as the first gets worse, so does the second. 

Because we are imagining a more or less ideal situation, let's assume 

that output loss is very low, and that distribution is perfect.  A few loaves 

are destroyed in production, a few others are crushed during delivery, and 

some are left on the shelf too long and get moldy.  However, most of the 

loaves survive, and these are consumed by people who can, and do, 

extract the maximum amount of effectual value from them.  Let's assume 

that, under these conditions, the effectual value of the loaves starts at 95 

units.  If the pattern of distribution remains unchanged as more loaves are 

produced, and if satiation does not occur, then 95 units will be a constant 

quantity, and we should continue to produce loaves until cost rises to this 

level.  However, satiation will inevitably occur - this is an unavoidable 

consequence of all consumption.  Thus, even with perfect distribution, the 

effectual value resulting from our bread consumption will decline, 

although the rate at which this occurs is entirely an empirical issue. 

Now let's consider the cost side.  The only "true cost” in ENL is input 

cost.  The so-called opportunity cost of standard economics, which in ENL 

is called forgone health, addresses allocation instead of production.  Here 

we are focusing on production, after our society's allocation decisions have 

already been made.   

The input cost to be considered refers to the bread's entire life cycle.  

Producing bread involves a lot more than just putting dough in ovens - it 

entails a whole string of prior activities, including the production and 

transportation of flour, yeast, salt, sugar, additives, and packaging.  After 

the bread is consumed, the packaging must be recycled or discarded.  The 

facility that produces the bread must initially be constructed, then serviced 

and maintained, and eventually dismantled.  The labor cost and natural 

cost for all these steps must be included when estimating the bread's input 

cost.  Let's assume that the labor required to produce small quantities of 

bread consists of healthy activities, but that there is some natural cost 
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associated with this production.  The input cost of the initial loaves is 

therefore quite low - let’s say 10 health units. 

As explained in the last chapter, input cost tends to rise as output 

quantity goes up.  As bread production increases, it might turn out that, 

when production reaches 10,000 loaves, the effectual value derived from a 

loaf of bread has decreased from 95 to 55 units, and its input cost has 

increased from 10 to 55 units.  This means that, for the next batch of loaves 

to come out of the oven, input cost will be greater than effectual value.  In 

other words, if we bake more than 10,000 loaves, our society will lose more 

health from producing the next batch than will be gained from its 

consumption.  This is clearly irrational given our aim of health 

maximization, and production should therefore stop at this number. 

What we have just done, using informal terms and fictitious numbers, 

is to establish the optimum level of bread production for our society.  

Although many practical issues must be resolved before such an estimate 

can be made in a complex environment, this is the heart of the rationality 

we should strive to achieve.   

This procedure is not new with ENL.  Standard economics has for 

many years used the method to optimize a firm's activities (i.e., to 

maximize its profits) by equating its marginal cost with its marginal 

revenue, expressed in money terms.  What is new here is that this well-

established technique has been applied to the basic human realities of 

health gains in consumption and health losses in production in order to 

reach a preliminary conclusion about the rational quantity for a final 

output. 

The graph in figure 4-2 depicts the situation just described, specifically 

the case where production goes beyond the optimum output of 10,000 

loaves.  The potential value and labor cost curves are omitted, as 

previously explained. 
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In ENL, "gains" is a formal term. Gains arise when the effectual value 

from consuming an output is greater than its input cost.  Here this is true 

for quantities between 0 and Q*, and the gains achieved are therefore 

represented by the light-colored area at left.  Losses are incurred when the 

situation is reversed - when input cost is greater than effectual value.  This 

is true for quantities between Q* and Q.  Losses are thus represented by 

the dark-colored area at right. 

The gains and losses depicted here apply to everyone within the 

geographical scope of our analysis.  All people in this area are treated 

equally, which means that a health increase from consumption by one 

person is offset by a health decrease from production by another.  To 

determine the overall health effects from the situation shown in the graph, 

we must calculate the net gains, defined as the difference between gains 

and losses.  For example, if the gains area at left represents 50 health units 

and the losses area at right represents 7 units, the net gains are 50 – 7 = 43 

units. 

In general, losses are incurred whenever an output is overproduced - 

that is, whenever the current quantity is greater than the optimum 

quantity, as in figure 4-2.  Whether such losses result in net gains or net 

losses depends on the actual numbers involved, so no general statement 

can be made.  Net gains arise in this case because the gains (50) are greater 

than the losses (7).  If output quantity were to increase so that losses rose 

to 60, the result would be net losses. 

The losses shown above can be reduced by decreasing output 

quantity.  It is clear from the diagram that if the current output quantity 

goes down, the losses will go down as well. However, if this decrease goes 

too far, the error of overproduction will turn into the error of 

underproduction.  This is shown in figure 4-3. 

Figure 4-2:  
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Here the current quantity is less than the optimum quantity, resulting 

in too little output, or underproduction.  Outright losses are avoided, but 

some achievable gains are unrealized.  These unrealized gains are 

represented by the dark-colored area at right.  If we assume that this area 

represents 7 units of health, output quantity Q results in the same net 

gains as in the previous situation: 43 units. 

Although this demonstration is by no means rigorous, it should be 

apparent that health is maximized, and output quantity is therefore 

optimized, when the current quantity is precisely Q* - the output level 

where marginal input cost equals marginal effectual value.  This is shown 

in figure 4-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: 
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Figure 4-4: Optimum production. Production is at the optimum level when 

marginal input cost equals marginal effectual value.  Because there are no 

losses or unrealized gains, health gains have been maximized. 
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In this situation all achievable gains are realized and no actual losses 

are incurred.  The net gains of 50 health units are the maximum possible 

given the effectual value and input cost curves shown.  In the short run, 

therefore, this is the optimum quantity for this final output.  Unless the 

value and cost curves are modified in the long run, no greater health can 

be achieved by this output than this ideal quantity. 

The above diagrams demonstrate that both overproduction and 

underproduction are sub-optimal in that they fail to maximize health.  In a 

capitalist economy, underproduction typically occurs when outputs are 

predominantly consumed by the poor, who cannot adequately back up 

their demands with money.  Overproduction, on the other hand, typically 

occurs when outputs are predominantly consumed by the rich, who have 

the financial resources to purchase what they desire, thereby shifting input 

costs to those with fewer means.  This should remind us that equity issues 

are masked when dealing with aggregate quantities, and that additional 

methods are required to address them.  ENL's approach to economic 

equity is discussed below. 

In general, underproduction is better than overproduction for the 

economy's overall health results because underproduction uses fewer 

inputs.  This leaves unused inputs for allocation to other outputs, and 

causes less damage to the environment.  Thus, if a choice must be made 

between overproduction and underproduction, the latter should normally 

be preferred. 

A critical point is that an output's optimum quantity is also its 

economic limit.  That is, under current value and cost conditions there is 

no conceivable economic rationale for increasing the output's quantity 

beyond this point.  The consideration of ecological limits might decrease the 

rational output level in subsequent analysis, but no economic reason can 

be cited to increase it.  An output's optimum quantity can therefore be 

interpreted as the formalization of what some environmental thinkers 

have called sufficiency or enoughness.  According to Indian economist 

Narindar Singh, for example: 

"... what we need is a just and sustainable civilization having an 

entirely new system of ethics and a new organizing principle specific 

to itself.  The principle which suggests itself is the following: 'Enough 

is Beautiful'."1 

ENL's optimization of final outputs, I suggest, gives theoretical 

expression to Singh's proposed organizing principle.2   However, we must 

be careful to avoid what might be called the "rich environmentalist" 

perspective, which sees excess everywhere and strives for reduced 
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consumption across the board.  An eloquent reminder that an economy 

should strive for broad-based sufficiency as well as enoughness is this 

statement by George Orwell, from his extraordinary essay, "Looking back 

on the Spanish Civil War" (1943): 

"The damned impertinence of these politicians, priests, literary men, 

and what-not who lecture the working-class socialist for his 

'materialism'!  All that the working man demands is what these 

others would consider the indispensable minimum without which 

human life cannot be lived at all.  Enough to eat, freedom from the 

haunting terror of unemployment, the knowledge that your children 

will get a fair chance, a bath once a day, clean linen reasonably often, 

a roof that doesn't leak, and short enough working hours to leave you 

with a little energy when the day is done."3 

 

HOW MANY CIGARETTES?  

OPTIMUM QUANTITY FOR A HARMFUL OUTPUT 
Some outputs, such as cigarettes, result in sharply negative effectual value 

because of the severe health problems they cause.  Even if such outputs are 

produced under excellent conditions, allowing workers to gain health 

during production, the value derived from their consumption will likely 

be lower than production cost at all output levels.  Based on ENL's criteria, 

such outputs should not be produced at all, and they are therefore called 

irrational outputs.  The optimum quantity for such outputs is zero, which 

means that production at any level would constitute overproduction.   

Figure 4-5 depicts two examples of irrational outputs. 
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For cigarettes, input cost is assumed to be negative across the whole 

output range.  Because negative cost implies positive health, this means 

that considerable health is achieved in the production process. However, 

the effectual value from consumption is so low that this prospective gain is 

entirely cancelled out.  Social losses are incurred at even the lowest 

quantities, so any production of this output is economically unjustified. 

The same can be said for war materiel, such as bombs and bombers. 

The potential value of such outputs is roughly equal to their capacity to 

destroy human lives, which means it is highly negative.  Their effectual 

value is roughly equal to the lives actually destroyed (lost potential 

health), hence negative to the extent that this occurs.  War materiel thus 

consists of irrational outputs that should never be produced for economic 

reasons.  Political justifications will of course be cited for such production 

despite this conclusion, but these are beyond ENL's analytical scope. 

Unlike the examples of cigarettes and bombs, the output in the top 

graph generates positive effectual value across its entire range, indicating 

that health would be gained from its consumption.  Here, however, the 

input cost is so high that this prospective gain is completely wiped out.  

Production of this output is therefore irrational as well.  A possible 

example of this situation is tomatoes and other field crops.  These 

generally result in high effectual value when consumed, but they are often 

grown under unhealthy conditions of extreme heat, exhaustion, and 

chemical contamination, thus incurring high labor cost.  As well, the 

Figure 4-5: Irrational outputs.  An output is irrational if its input cost is 

greater than its effectual value at all quantities.  Here this is true for 

tomatoes (top) because of high input cost, and for cigarettes (bottom) 

because of low effectual value. 
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outputs are usually transported long distances to their markets, thus 

incurring considerable natural cost.  The sum of these costs, which is the 

input cost of their production, could in some cases exceed their effectual 

value even at low quantities. 

Although our conclusions regarding optimum output quantity are the 

same in these two situations, there is an important distinction between 

them with regard to equity.  In the bottom case (cigarettes) the losses are 

caused by consumption, which in most cases is a voluntary activity.  If this 

output is produced despite its irrationality, this will be due to demand 

from consumers who will incur the negative effectual value themselves.4  

In the top case (tomatoes) the losses are caused by production, which is 

largely an involuntary activity because most people have to work to 

survive.  If these tomatoes are produced, this will be due to demand from 

consumers who very likely will not incur the input cost themselves.  These 

consumers will gain from the effectual value, but will shift the labor cost to 

workers and the natural cost to the public.  In general, when the input cost 

of producing an output is high - whether or not overall losses result - we 

must ensure that the burdens of production have not been imposed 

unfairly on the powerless, and that the social standard of equity is met 

across the geographical scope of our analysis. 

 

HOW MANY TRANSPORT TRUCKS?  

OPTIMUM QUANTITY FOR AN INTERMEDIATE 

OUTPUT 
A transport truck, when used for its intended purpose, is an example of an 

intermediate output. Such outputs are distinguished from final outputs in 

that they are not consumed as end products, but are instead used in the 

production (including transportation) of other outputs - either 

intermediate or final.  Because an intermediate output cannot directly 

affect human health in consumption, it does not have potential value and 

cannot achieve effectual value.  As emphasized in chapter two, anything 

that is necessary for production, but does not possess value itself, must be 

counted as a cost.  Transport trucks and other intermediate outputs are 

therefore part of the life-cycle input costs of the final outputs with which 

they are associated. 

As we have seen, the optimization procedure for final outputs 

requires both effectual value and input cost.  The fact that an intermediate 

output cannot achieve effectual value means that its optimum quantity 

must be indirectly determined.  Because an intermediate output is part of 

the input cost for each of the final outputs with which it is associated, the 
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optimum quantity for an intermediate output is the quantity that will 

minimize these input costs.  In most cases this means that the optimum 

quantity is the minimum quantity required in the current production 

process. 

For example, if we are using transport trucks to move the optimum 

quantity of bread from a central bakery to various stores, and 

transportation costs are minimized when eight transport trucks are used, 

this is the optimum number of such trucks our society should have on the 

road.  However, the optimizing principle should be more broadly 

construed: we are not actually seeking the optimum number of transport 

trucks, but the means of bread transportation with the lowest input cost.  

Thus if input cost is lower for trains than for trucks, we should switch to 

trains.  Still more broadly, we should consider decentralizing bread 

production to further reduce the input cost of transportation.  An economy 

based on ENL's principles should be as ruthless in cutting input costs to 

increase aggregate health as a capitalist CEO is in cutting monetary costs 

to increase the financial wealth of corporate shareholders. 

I have been reluctant to apply the term "optimum quantity" to 

intermediate outputs for the reason stated above: such outputs have no 

effectual value and cannot themselves be optimized.  This is also true for 

the concept of "target quantity", which is addressed in the next chapter.  

However, there are advantages in being able to lump all outputs together 

and to ascribe the same objectives to them.  My view is that this economy 

of expression outweighs the slight technical inaccuracy, and I therefore 

apply the terms “optimum” and “target” to both types of outputs.  Careful 

analysts will presumably understand that for a final output the optimum 

and target quantities are directly determined, while for an intermediate 

output they are indirectly determined - or, in the words of standard 

economics, that they are derived quantities. 

 

HOW MANY CONCERTS?  

OPTIMUM QUANTITY WHEN VALUE IS ZERO  
In many cases, especially in the rich countries, an economy will produce 

numerous outputs that are non-essential in that they satisfy wants instead 

of needs.  Such outputs either generate no positive health effects when 

they are consumed, or the health effects are so diffuse or difficult to 

identify that they cannot realistically be quantified.  Some minor examples 

are movies, electronic gadgets, and concerts.  More significant examples 

include scientific research and the construction of universities and 

museums. 
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The questions of whether and at what quantities society should 

sanction wants requires mature social judgments.  Such judgments should 

take into account how widely shared these wants are, alternative 

production possibilities (the allocation issue), the input cost of production, 

and ecological limits.  I will defer further consideration of this important 

topic until the next chapter, after environmental factors have been 

considered and ecological limits can be included in the discussion. 

 

WHAT LEVEL OF TOTAL OUTPUTS?  

OPTIMUM SCALE FOR THE ECONOMY  
Before addressing an economy's total outputs analytically, it must be 

introduced as a broader topic in economics.  Lumping outputs together 

has long been a troublesome issue for economic thinkers because it is 

difficult to measure, or even to properly define, the total quantity of non-

homogeneous outputs.  Standard economists now call this the 

"aggregation problem", but the difficulty was spotted two centuries ago by 

Jeremy Bentham: "Tis in vain to talk of adding quantities which after the 

addition will continue distinct as they were before, ... you might as well 

pretend to add twenty apples to twenty pears."5  Despite longstanding 

difficulties in this area, ENL is compelled to confront the issue because it 

must be able to compare the effects of various economic changes relating 

to the economy as a whole. 

There is no problem in quantifying relative changes to a specific 

output mix.  If an economy produces 5 bicycles and 100 pomegranates, 

and this mix increases to 10 bicycles and 200 pomegranates, it can be 

coherently stated that the economy's size has doubled.  But what can be 

said if the output proportions change, and the new mix includes 10 

bicycles and 150 pomegranates?  Worse, what if the mix itself changes, and 

the economy now produces 8 bicycles, 75 pomegranates, and 50 pounds of 

carrots?  In such cases it is impossible to quantify the changes in an 

economy's size unless we have a unit of measurement that is common to 

all outputs. 

Standard economics solves this problem by expressing all outputs in 

monetary terms.  This allows its practitioners to talk about increases and 

decreases in an economy's output level by citing changes in its GDP.  The 

fact that this reduction of outputs to money removes all distinctions 

regarding output quality - their objective effects on humankind and nature 

- does not faze the standard discipline.  Although numerous 

commentators have pointed out the absurdity of this approach, the 
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business world and its economists continue to speak with reverence about 

GDP fluctuations.6 

Because ENL is deeply concerned about an economy's effects on 

people and planet, it cannot solve this problem in such a facile manner.  

However, ENL's rejection of this radical abstraction also means that it 

rejects a universal measurement unit.  Consequently, whenever ENL talks 

about an increase or decrease in an economy's total outputs, it must 

assume that the output mix remains largely unchanged.  When plotting 

total outputs, therefore, the current output quantity on the horizontal axis 

refers to the present mix of outputs, at their present quantities.  Moving 

left or right on this axis indicates that the mix becomes smaller or larger, 

but that its composition remains substantially unaltered.  The precise 

meaning of "substantially" must be left to the analyst's judgment.  If the 

output mix does change in this manner, ENL treats the new mix as a 

qualitatively different set of outputs.  This necessitates a new graph and a 

new starting point for analyzing economic changes.  For this reason, all 

ENL graphs that deal with total outputs assume that the output mix is 

relatively stable. 

One further note on terminology is required at this point: In order to 

avoid confusion with GDP growth and shrinkage in standard thought, and 

with ecological expansion and contraction in environmental thought, 

changes in the size of the current output mix are referred to as increases 

and decreases in the economy’s scale.   This term is consistent with 

ecological economics, which has long used "scale" to refer to an economy's 

size. 

With the above considerations in mind, we can apply the graphs that 

have already been introduced to an economy's total outputs.  See figure 4-

6. 



108  /  THE ECONOMICS OF NEEDS AND LIMITS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To create this graph, the first step is to sum the marginal values and 

costs for all outputs in the current output mix.  These sums are placed on 

the vertical line that represents the current quantity Q.  The curves are 

then drawn based on estimates of the changes in these summed values and 

costs as the economy's scale increases and decreases.  In the example 

shown, output level Q2 represents a 50% increase in the economy's scale, 

whereas output level Q1 represents a 50% decrease. 

For a concrete example, assume that the economy currently produces 

12 bicycles and 50 pizzas a week.  This is output level Q.  Level Q1 would 

then represent 6 bicycles and 25 pizzas a week, while level Q2 would 

represent 18 bicycles and 75 pizzas a week. The graph thus shows the 

value and cost results of increasing or decreasing the quantity of all 

outputs in an economy by the same proportions.  Although this is 

obviously simplistic with respect to a real economy, it is a useful starting 

point for the systematic treatment of total outputs and their effects on 

health. 

Based on the above, optimizing an economy's scale means finding the 

health-maximizing level for the current output mix.  An example is shown 

in figure 4-7. 

 

Figure 4-6: An economy's scale.  In ENL, an economy’s scale refers to its 

size based on the current output mix.  Without reducing all outputs to 

money, it is impossible to compare the “sizes” of economies that have 

substantially different output mixes. 
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In this graph the current economic scale should be increased by 

roughly 50% in order to reach the optimum level Q*, thereby maximizing 

the gains for the population served by this economy.  If the current 

quantity is greater than the optimum quantity, the economy's scale should 

be decreased instead. 

Increasing an economy's scale is both different from and similar to the 

standard concept of economic growth.  The major difference is that 

economic growth, because it is measured by money, can result in either a 

higher or a lower level of overall health.  Increased scale, on the other 

hand, will always result in a higher level of health until the optimum total 

quantity is reached.  The key similarity is that both concepts refer to a 

general increase in outputs, without paying attention to the specific effect 

of each individual output.  For ENL, this lack of discrimination means that 

increased scale (up to the optimum quantity) is an economic improvement, 

but is very unlikely to be the best improvement.  In order to achieve the 

best possible results, each output must be treated independently, and its 

quantity must increase or decrease as previously discussed. 

An important aspect of ENL's treatment of total outputs is that the 

framework is blind to the monetary "size" of an economy.  This should be 

obvious, but I point it out because it can lead to superficially bizarre 

results.  For example, the US economy has a total GDP of $14 trillion and a 

per capita GDP of $46,000.  The comparable figures for Samoa are $1.2 

billion and $2,100.  By every standard measure, the US economy is 

Figure 4-7: Optimizing an economy's scale.  An economy’s scale is 

optimized by treating its current output mix as a single aggregate output 

and then applying the previous optimization method.  This approach 

ignores individual outputs, and therefore does not necessarily maximize 

health. 
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overwhelmingly larger than Samoa's.  Nevertheless, ENL attaches no 

meaning to such comparisons because the output mixes of the two 

economies are strikingly different.  Thus, the US economy cannot be scaled 

down to Samoa's, and Samoa's economy cannot be scaled up to that of the 

US.  The health effects of the two economies are completely distinct, and 

their sizes are therefore incommensurable.  This counterintuitive 

conclusion might make more sense when seen from the health perspective.  

Assume, for instance, that $45,000 out of the $46,000 annually available (on 

average) to each US citizen is spent in a manner that generates zero or 

negative health results.  Assume further that $2,000 out of the $2,100 

available to each Samoan is spent so as to generate positive health results.  

If this were the case, Samoans would be healthier than Americans, and in 

this sense their economy would be "larger".   While this example is entirely 

hypothetical, it demonstrates that monetary comparisons are logically 

irrelevant for a guiding logic based on the objective standard of physical 

health. 

 

LONG RUN OPTIMIZATION 
The optimization of output quantities has to this point assumed that value 

and cost remain unchanged.  In graphical terms, this means that the value 

and cost curves are fixed.  However, the health results of an economy can 

be significantly enhanced by modifying the underlying value and cost 

conditions, which would be reflected graphically by shifting and rotating 

the curves. 

The following are some examples of beneficial changes in economic 

conditions: Potential value will rise if improvements are made to food 

nutrition, toy safety, and output durability.  Effectual value will increase 

with lower output spoilage and lower maldistribution.  Labor cost will 

decrease if excessive stress and fatigue are avoided in the workplace, and 

if worker injuries, diseases, and deaths are reduced.  Natural cost will 

decrease if the rate of toxins released from production processes goes 

down. Of course, decreasing either labor cost or natural cost will decrease 

input cost.  The various improvements in cost and value are depicted in 

figure 4-8, which can pertain to either a single output or an economy's total 

outputs. 
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For the economy as a whole the beneficial changes can be applied to 

one or more outputs of the current output mix, but it is also possible to 

alter the mix itself.  Existing outputs can be dropped and new outputs can 

be added.  Aggregate effectual value, for example, will increase if an 

output that result in negative effectual value is no longer produced.  

Aggregate input cost will decrease if an output with a sufficiently negative 

input cost is added to the output mix.  However, it should be clear that the 

addition of an output with above-average potential value does not 

necessarily increase aggregate health.  The effectual value for such an 

output could be below average, thereby causing overall health to decrease 

instead.  Potential value, because it is only a capacity, is exceptional in this 

regard.  The addition of outputs with above-average effectual value, or 

below-average labor cost and natural cost, will unconditionally increase 

aggregate health. 

One of the key effects of shifting the value and cost curves is that the 

optimum output quantity will likely change as well.  An example is shown 

in figure 4-9, which can again pertain to either a single output or to an 

economy's total outputs. 

 

 

 

Figure 4-8:  Long-run 

optimization.   Health 

can be increased by 

changing the output 

quantity while leaving 

the value and cost 

curves unchanged.  

Another approach, 

available over the long 

run, is to shift the curves 

themselves by 

increasing output 
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cost, and so forth. 
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If effectual value rises or input cost declines, the output's optimum 

quantity will increase.  In the bread example at the start of this chapter, we 

can imagine input cost decreasing due to better working conditions in our 

bakeries.  As will be seen in chapter seven, this could be due to a change in 

technological intensity associated with a change in labor productivity.  A 

lower input cost could mean that marginal input cost will not equal 

marginal effectual value until we reach 12,000 loaves, which would be the 

new, higher optimum quantity for bread.  In general, any outward 

movement of the curves will expand the prospective gains area and 

increase the optimum output quantity.  Conversely, any inward 

movement of the curves will contract the prospective gains area and 

decrease the optimum output quantity. 

In figure 4-9, the light-colored area at left represents the initial gains.  

When the effectual value curve shifts up from EV1 to EV2 and the input 

cost curve shifts down from IC1 to IC2, additional gains will be achieved 

even if the output quantity remains stable.  However, the optimum output 

quantity will shift to the right, resulting in the unrealized gains indicated 

by the dark-colored area at right.  To capture these newly available gains, 

output quantity must increase from the original optimum Q*1 to the new 

optimum Q*2. 

It may seem odd that our society will rationally consume more bread 

because of improved working conditions in our bakeries.  However, this is 

Figure 4-9: New unrealized gains.  When economic conditions are 

improved by increasing effectual value or decreasing input cost, the 

optimum quantity increases, thereby generating unrealized gains.   To reach 

the new optimum, output quantity must increase. 
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the logical result of treating everyone in our society as economic equals, 

meaning that a gain for one is a gain for all, and a loss for one is a loss for 

all.  If labor conditions improve in our bakeries, we as a society will be able 

to produce more loaves before our overall losses exceed our overall gains.  

The fact that the reduced losses are experienced by bakers while the gains 

are experienced by consumers makes no difference based on the 

framework's ethical perspective. 

 

AGGREGATION AND EQUALITY 
Estimating aggregate health effects is indispensable if we are to 

understand the broad human consequences of economic activities.  

However, the method has two significant deficiencies.  First, it ignores the 

injustice of unequal distribution: an economic change could increase 

aggregate health while decreasing the health of some individuals or 

groups.  Second, it ignores changes in population: an increase in aggregate 

health resulting solely from a population increase could mislead us into 

thinking that the economy has improved, even though individual health 

remains constant or declines.  Although population is currently assumed 

to be constant, this assumption will be dropped later, and some theoretical 

preparation is necessary at this stage. 

Before proceeding, it must be pointed out that ENL's aggregate health 

maximization creates a strong and automatic tendency towards health 

equality.  Unlike monetary income or wealth, which in a capitalist 

economy can increase virtually without limit, an individual's health level 

has a strict upper bound due to the nature of the human body.  Once the 

health of privileged individuals has been maximized, aggregate health can 

increase only by increasing the health of the less privileged.  Shifting the 

value and cost curves outward will therefore not only increase overall 

health, it will likely equalize it as well.  Despite this inherent tendency, it 

remains possible for some individuals to be healthier than others, and 

equality must therefore be addressed as a distinct topic in the framework. 

The ENL concept that addresses these issues is individual net gains 

(ING).  In general terms, this is the health gained or lost by an individual 

from engaging in economic activities.  Specifically, ING is the difference 

between the effectual value gained by an individual through consumption 

and the input cost incurred by this same individual from production, over 

a specified period of time.  As an example, an individual might typically 

gain 500 health units per day from consumption, and lose 300 health units 

per day from production.  This person's ING would thus be 200 health 

units per day.  Another individual might gain 400 health units per day 
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from consumption, and gain another 200 health units per day from 

production.  This person's ING would be 600 health units per day. 

Because labor cost is typically incurred by workers, the determination 

of ING differs between workers and non-workers.  For a worker, both 

labor cost and natural cost must be subtracted from effectual value to 

arrive at ING.  For a non-worker, only natural cost must in general be 

subtracted.  This distinction is not a fine point - it highlights the fact that 

workers require specific protections from the health damage they might 

incur while engaged in production activities.  Such protection should not 

be perceived as just a contractual right or a legal privilege, but as a clear 

consequence of ENL's economic principles and ethical stance. 

It would be useful to have a measure for ING distribution in an 

economy.  Fortunately, as with lost potential health, considerable work has 

already been done in this area.  A widely used measure of inequality is the 

Gini coefficient, which is normally applied to income distributions.  The 

coefficient was originally defined as a number between 0 and 1, with 0 

indicating complete equality and 1 indicating complete inequality.  It is 

now sometimes expressed as a percentage and called the Gini index.  The 

UN's Human Development Reports uses a third alternative: the 

organization uses the original term - Gini coefficient - and expresses it as a 

number between 0 and 100.7  This measure can be usefully applied to the 

distribution of individual net gains among an economy's individuals. 

The ING concept allows for a more succinct definition of well-being.  

In the last chapter the general definition offered was the maximization of 

effectual value, the minimization of input cost, and the satisfaction of all 

socially-approved wants.  Because ING includes the first two elements, the 

alternative definition for individuals is the maximization of their ING and 

the satisfaction of all their socially-sanctioned wants. 

 

INEQUALITY 
In chapter one I said that ENL’s ethical posture, which is based on the 

equal worth of human beings, does not preclude inequality if this 

increases health for all.  I pointed out that equality (sameness) is not 

synonymous with equity (fairness), and that the two must be 

distinguished if we are to rationally apply ENL’s ethical position.  It is 

now time to address this stance in more depth, using the ING concept.  

Let’s begin with a society that is perfectly equal in the economic sense, as 

depicted in figure 4-10. 
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In this and subsequent figures in this section, the vertical direction 

indicates the achievement of ING.  The line marked “distribution” 

indicates the relative ING achieved by those at the lowest level (left side) 

and those at the highest level (right side).  A horizontal line signifies that 

ING is the same for everyone, which is the definition of perfect equality. 

Now assume that an economic change is being considered that would 

increase ING significantly for those at the high end while decreasing it 

slightly for those at the low end, as in figure 4-11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The old distribution line is hashed; the new one is solid.  It is visually 

clear that the ING gained at the high end far exceeds the ING lost at the 

low end.  On aggregate, therefore, society has increased its health with this 

shift.  However, the new distribution violates ENL’s ethical principle.  

People are of equal worth, and it is therefore unjustifiable to deprive some 

for the benefit of others.  It is irrelevant that the aggregate gain is 

substantial - no gain can be justified if it is ethically unsound.  For a society 

that bases its economy on ENL, the change being considered must 

therefore be rejected. 

ING ING 

Figure 4-10: Perfect 

equality. An economy’s 

distribution pattern is 

represented by a line that 

indicates the individual 

net gains (ING) for those 

at the low end relative to 

those at the high end.  A 

horizontal line, as in the 

figure, indicates perfect 

equality in ING 

distribution. 
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Figure 4-11: Unjustifiable 

inequality. Many have 

gained, but some have lost.  

Based on ENL’s ethical 

principle of equal human 

worth, the many cannot be 

allowed to gain at the 

expense of the few.  ENL 

thus rejects this type of 

inequality on ethical 

grounds. 
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Now consider another possibility: everyone’s ING increases, and no-

one’s ING decreases.  This is depicted in figure 4-12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this situation those at the low end have gained a little, and those at 

the high end have gained a lot.  No-one ends up with a lower level of 

health, and no-one has therefore been deprived for the benefit of others.  

This change is consistent with ENL's ethical principle, and from the 

economic perspective it should therefore be permitted.  I emphasize the 

economic perspective here because society may decide that the new 

distribution is inequitable - that is, it may judge that the perceived lack of 

fairness will result in unacceptable levels of stress, envy, conflict, loss of 

social solidarity, criminal behavior, etc.  Because these negative social 

consequences could easily overwhelm the increased economic benefits, 

they must be carefully considered. 

A society could also decide that the new distribution is unnecessarily 

unequal.  The only reason to countenance inequality in the first place is 

because, given the realities of human nature, this is the only way to 

achieve a general increase in ING.  Those with exceptional energy and 

organizational talents frequently demand more than the average in order 

to perform their tasks.  Society must decide if such demands are 

reasonable, thus determining if the inequality is in this sense necessary.   

The inequality principle outlined here is applied to ING - that is, to the 

health derived from consumption and production.  Note, however, that it 

could also be applied to want satisfaction and to socially-defined well-
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Figure 4-12: Justified 

inequality.  Here 

everyone’s ING has 

increased, although some 

have gained more than 

for others.  Because all 

gain, and because the 

inequality is the minimum 

required to achieve this 

gain, ENL considers the 

inequality to be justified.  

A society must decide on 

non-economic grounds if 

this level of inequality is 

nevertheless inequitable 

and should therefore be 

rejected. 
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being.  It may even be useful to extend the principle to the distribution of 

labor and wastes, although I have not explored this avenue in depth. 

 

ECONOMIC EFFICIENCY 

Economic efficiency (Ee) is a summary measure that combines production 

efficiency and consumption efficiency, thus reflecting the economy's 

overall success in transforming inputs into health.  Now that gains 

maximization has been discussed, this measure can be formally 

introduced. 

The combination of the two efficiencies is straightforward.  Production 

efficiency is based on potential gains (PV - IC), as discussed in chapter 

three.  We now apply consumption efficiency (EV/PV) to the potential 

value in this definition in order to transform it into effectual value.  This 

converts potential gains into actual gains (EV - IC): 

PV (EV/PV) - IC = EV - IC 

Economic efficiency is defined as these actual gains divided by input 

quantity: 

Ee = Gains/Input quantity 

Ee = (EV - IC)/Qi 

As with production efficiency, input quantity can refer to a single 

input or a related combination of inputs.  Input cost in this case means the 

life-cycle input cost of the final output under consideration.  The human 

efficiency measures are summarized in figure 4-13. 
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The two efficiencies that are capitalized in the diagram, allocation and 

economic, are the most important.  Allocation efficiency indicates the 

degree to which the chosen outputs potentially maximize a society's 

health, while economic efficiency indicates the degree to which the 

economy realizes this potential through efficient production and 

distribution.  If we ignore environmental factors, the achievement of 100% 

efficiency in both cases is the definition of a perfect economy. 

 

To summarize, the five human efficiencies are defined below: 

Allocation efficiency:  (Gains/Maximum gains * 100)% 

Production efficiency:  Potential gains/Input quantity 

Distribution efficiency:   (EV/Maximum EV * 100)% 

Consumption efficiency:  (EV/PV * 100)% 

Economic efficiency:  Gains/Input quantity 

 

The only ENL efficiency measure not included here is ecological 

efficiency, which is a technical measure.  This means that it does not refer 

to either value or cost, and thus to health.  As noted previously, the 

distinction between a human efficiency and a technical efficiency is 

significant because the increase in a human efficiency will always increase 

Figure 4-13: Human efficiencies.  Depicted are four of the five efficiency measures that 

involve health.  (Absent is distribution efficiency, which is part of consumption 

efficiency.)  The two most important efficiencies -allocation and economic - are 

capitalized. 
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aggregate health, whereas the increase in ecological efficiency may or may 

not have this effect, depending on circumstances. 

The three efficiency measures that are expressed as percentages are 

commensurable.  That is, each instance of allocation efficiency can be 

quantitatively compared with every other instance, and the same holds 

true for the consumption and distribution efficiencies.  Instances of 

production efficiency and economic efficiency, on the other hand, are 

commensurable only if the input mixes are substantially the same, where 

sameness is based on the analyst’s judgment. 

 

 

                                                 

Notes 
1 Narindar Singh, Economics and the Crisis of Ecology 3rd ed. - Revised (London: Bellow 
Publishing, 1978), 229. 

2 Marx alluded to "enoughness" 140 years ago: "It is ... clear that in any given economic 
formation of society, where not the exchange-value but the use-value of the product 
predominates, surplus-labour will be limited by a given set of wants ...". (Capital Vol. 1, 
226.) 

3 George Orwell, Homage to Catalonia (Hardmondsworth: Penguin Books, 1938), 244.  The 
essay is included at the end of the book. 

4 We must be careful to avoid blaming the victim when assigning responsibility for 
cigarette production.  I agree with the following statement by two Marxist biologists: 
"Smoking increases inversely with the degree of freedom one has at work.  People who 
have few choices in life at least can make the choice to smoke.  It is one of the few 
legitimate ways in some jobs to take a break and step outside ...  So there are people who 
choose: 'Yes,' they say, 'it might give me cancer in twenty years, but it sure keeps me alive 
today.'  The unhealthy choices people make are not irrational choices.  We have to see 
them as constrained rationality, making the best of a bad situation."  (Richard Lewontin 
and Richard Levins, Biology Under the Influence: Dialectical Essays on Ecology, Agriculture, and 
Health (New York: Monthly Review Press, 2007), 315. 

5 Quoted in Nicholas Georgescu-Roegen, The Entropy Law and the Economic Process 
(Cambridge: Harvard University Press, 1971), 98. 

6 I fully appreciate that, under capitalist conditions, economic growth is critical for 
workers because they rely on employment income to earn a living, and their employment 
is often tied to rising GDP.  The discussion here is conceptual, and therefore ignores the 
concrete capitalist realities that I address in Contractionary Revolution. 

7 When applied to income, the Gini coefficient for the rich countries varies from 0.25 to 
0.43, with Japan, Sweden, and Norway at the low end of this inequality range and 
Singapore, Hong Kong, and the United States at the high end.  For poor countries the 
Gini coefficient is generally above 0.40, with a high of 0.71 for Namibia.  However, there 
are some remarkable exceptions, including 0.29 for Rwanda and 0.30 for Ethiopia.  When 
everyone on the planet is lumped together, the Gini coefficient of income distribution is 
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0.67, which denotes a greater global inequality than for any individual country except 
Namibia.  
     The Gini coefficient has been applied to the distribution of physical health, although 
this is still rare.  One report by the Pan American Health Organization (part of the World 
Health Organization - WHO) applied the Gini calculation to a combination of health 
criteria, including infant mortality, for several South American countries. (Carlos Castillo-
Salgado et al., "Measuring Health Inequalities: Gini Coefficient and Concentration Index",  
Epidemiological Bulletin, Vol. 22 No. 1, March 2001.)  The result was a coefficient of 
0.20.  This low level of inequality presumably reflects the restricted range of health 
outcomes due to the physical nature of the human body.  ENL-based economies should 
therefore achieve Gini coefficients that are close to 0. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 5 
Environmental Limits 

 

 

 

In the last chapter marginal analysis was used to determine an output's 

optimum quantity, without taking environmental limits into account.  It is 

now time to consider these constraints using non-marginal methods in 

order to establish an output's ecological limit.  This will allow us to modify 

our preliminary conclusions about rational output quantities.  Recall that 

population is still assumed to be fixed.  This restriction will be dropped in 

the next chapter. 

As will be explained further in chapter nine, ENL is intended to 

address two distinct aspects of the ecological crisis: resource overshoot and 

impact overshoot.  The first refers to a production level that cannot be 

maintained once nonrenewable resources are effectively depleted, whereas 

the second refers to the violation of the biosphere's capacity safely to 

absorb the environmental effects of economic activities.  The concepts and 

tools introduced in this chapter are based exclusively on the more critical 

of these two challenges: impact overshoot.  Chapter nine discusses how 

resource overshoot might be addressed. 
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Dealing comprehensively with environmental limits means that we 

must address four types of natural flows: habitat destruction, the 

utilization of renewables, the expulsion of wastes, and the depletion of 

nonrenewables.  The first three of these are called biological flows because 

they can directly degrade the natural world, possibly leading to ecosystem 

decline and collapse.  Such effects are scientifically detectable as they 

develop, thus providing us with natural signals that damage is being done 

and that thresholds are being approached.  By contrast, the flows of 

nonrenewable resources do not, in themselves, cause ecosystem damage.  

That is, nature gives us no indication that uranium, oil, coal, iron, etc. are 

being depleted "too rapidly."1  This means that, while the biological flows 

can be used to set limits on our economic activities, nonrenewable flows 

cannot be used for this purpose.  This is a crucial distinction that must be 

kept in mind as we proceed. 

There are two aspects to ENL's treatment of ecological constraints.  

The first is the widely accepted notion that our economic activities must 

avoid violating natural limits.  The second is the less familiar idea that 

these restrictions should be imposed so as to maximize human health.  The 

involvement of health in setting environmental limits means that the 

analytical tools developed in this chapter must be integrated with the 

analytical tools developed in previous chapters. 

 

PRESENT AND FUTURE HUMANKIND 
William Catton opens his seminal book, Overshoot, by asserting that, 

"Today mankind is locked into stealing ravenously from the future."2  

Consistent with this theme, Catton ends his book with the warning that 

humankind must quickly end its excessive ecological impact, because, 

"...the longer we delay beginning, the more numerous and colossal we 

become - thereby trapping ourselves all the more irredeemably in the fatal 

practice of stealing from our future."3 

As Catton emphasized, the relationship between present and future 

humankind is fundamental to our ecological awareness, and it is therefore 

imperative that this relationship be clearly defined.  The key questions 

have been posed, albeit rhetorically, by liberal economist Robert 

Heilbroner: 

"Suppose we knew with a high degree of certainty that humankind 

could not survive a thousand years unless we gave up our wasteful 

diets of meat, abandoned all pleasure driving, cut back on every use 

of energy that was not essential to the maintenance of a bare 

minimum.  Would we care enough for posterity to pay the price of its 

survival?  I doubt it. ... Why should I lift a finger to affect events that 
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will have no more meaning for me 75 years after my death than those 

that happened 75 years before I was born?  There is no rational 

answer to that terrible question."4 

However, as Heilbroner well understood, the relationship between 

present and future humankind is not subject to purely logical 

considerations, but is instead a matter of ethics.5   Based on ENL's ethical 

principle, the framework asserts that, while the present must utilize nature 

so as to maximize its own health, it must also protect nature so that future 

humankind can maximize its health in turn.  This commitment to 

intergenerational equity is the basis for ENL's treatment of ecological 

constraints.  To use Heilbroner's formulation, ENL assumes that those who 

apply the framework care enough for posterity to pay the price of its 

survival. 

To state the obvious, present humankind refers to people who are 

now alive, and future humankind refers to people who will be alive in the 

future.  There is a wrinkle, however.  The future refers not only to the long 

term, but to the short term as well.  Future humankind thus includes 

present human beings to the extent that they will be alive in the near-term 

future.  The real significance of the distinction is that present humankind 

makes economic decisions, whereas future humankind will experience the 

ecological and other consequences of those decisions.  With the choices we 

make today we can enhance or degrade our own lives as well as those of 

our children, our grandchildren, and our more distant descendants. 

The extent to which the present and future are linked can easily be 

underestimated.  Present health benefits not only those now living, but 

future lives as well.  Future generations are not spawned from thin air, but 

issue from the bodies of those who are now breathing.  If the current 

generation does not adequately meet its own needs, it will impair both its 

own health and the health of future generations.  This physiological link 

has recently been established in a most disturbing way: 

"Sperm defects caused by exposure to environmental toxins can be 

passed down the generations, research suggests. Scientists say fathers 

who smoke and drink should be aware they are potentially not just 

damaging themselves, but also their heirs. Tests on rats showed 

sperm damage caused by exposure to garden chemicals remained up 

to four generations later."6 

What this implies is that the maximization of health is not just a right 

the present can claim for its own sake, it is also an obligation it must fulfill 

for the sake of those yet unborn. 
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The Heilbroner quote above reflects a negative view on the future, but 

positive views also abound.  It is highly encouraging that these can be 

found across the political spectrum.  In fact, one of the most eloquent 

expressions of the social bond between generations comes not from a 

present-day environmentalist, but from the conservative Edmund Burke, 

writing over 200 years ago: 

"Society is indeed a contract. ... It is a partnership in science; a 

partnership in all art; a partnership in every virtue, and in all 

perfection.  As the ends of such a partnership cannot be obtained in 

many generations, it becomes a partnership not only between those 

who are living, but between those who are living, those who are 

dead, and those who are to be born."7 

This sense of partnership across the generations - we benefit from the 

past just as the future will benefit from us - is the essence of ecological 

responsibility and deeply informs ENL's environmental approach. 

 

ENVIRONMENTAL BUDGETS 
A typical family has a financial budget for what it can spend each month.  

Such a budget depends largely on its income, and is usually divided into 

expenditure categories: so much for mortgage or rent, so much food, so 

much for entertainment, etc.  An economy is similar: it has an 

environmental budget for each biological flow that it requires for its 

economic activities.  Just as a family budget specifies how much can be 

spent on particular items in order to avoid financial ruin, an 

environmental budget specifies how much of a biological flow the 

economy can use without risking ecological ruin.  Because only the 

physical sciences can determine when such points are reached, 

establishing environmental budgets is largely a scientific rather than an 

economic matter. 

If the analyst chooses regional scope, and if a biological flow impacts 

the economy's geographical area exclusively, then its budgets derive from 

the natural characteristics of that area.  For example, if local industries 

pollute regional waterways without spillover into other areas, then the 

regional economy can independently establish environmental budgets for 

these pollutants, based on the natural characteristics of its waterways.  

However, if a flow spills over the region's boundaries and impacts the 

global environment, the budget must be established through a political 

process such as those that resulted in the Montreal protocol on ozone-

depleting substances (1987) and the Kyoto protocol on greenhouse gas 
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emissions (1999).8  If the analyst chooses global scope, the budgets are 

derived from the global environment, so no spillover is possible. 

A broad consensus exists among environmental thinkers with respect 

to sustainable limits for two of the three biological flows - renewables and 

wastes.  A typical formulation is the following statement by ecological 

economist Herman Daly, as quoted by the authors of Limits to Growth: The 

30-Year Update: 

"For a renewable resource - soil, water, forest, fish - the sustainable 

rate of use can be no greater than the rate of regeneration of its 

source. ... For a pollutant [i.e., waste] the sustainable rate of emission 

can be no greater than the rate at which that pollutant can be 

recycled, absorbed, or rendered harmless in its sink."9 

The limits for these flow categories have a firm biological foundation 

and have therefore been adopted by ENL. 

Daly does not offer a guideline for the maximum rate of habitat 

destruction, so the authors provide their own.  They reject species 

extinction as the criterion because the number of species is unknown and 

the extinction rate is extremely difficult to determine.  Their suggested 

method is one that has been developed by the World Wide Fund for 

Nature (WWF): 

"Instead of tracking the decline in the number of species, the WWF 

tracks the population sizes of a large number of different species.  

These trends are then averaged to obtain a quantitative estimate of 

the change over time in the population of a 'typical' species."10 

More specifically, the WWF tracks 695 land-based species.  Of these, 

562 are in temperate zones and 150 in tropical zones.  The population 

index shows that terrestrial species declined by an average of 30% between 

1970 and 2003, although these declines occurred almost exclusively among 

tropical species.  For marine species, the WWF tracks the trends in 1,112 

populations of 274 species.  These populations show an average 25% 

decline between 1970 and 2003, concentrated mostly in the Indian, 

Southeast Asian, and Southern Oceans.11 Using the term "species decline" 

to mean a measurable population decrease for a typical species as 

estimated by this method, ENL's limit for habitat destruction is the level at 

which species decline is initiated. 

These restrictions on the three biological flows have a common 

element: the effects of economic activities are not permitted to accumulate 

in the environment to cause escalating effects.  If a renewable resource is 

harvested at or below its regeneration rate, the resource will remain at a 

more or less stable level, and humankind's impact on the resource will not 
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accrue over time.  If expelled wastes can be safely absorbed by the 

environment, they will not build to concentrations that are dangerous to 

life: there is again no steadily increasing impact that could trigger 

threshold effects and precipitate an ecological crisis.  Finally, limiting 

habitat destruction below a level that causes species decline will permit 

existing species to survive until they are eliminated through natural 

processes.  This non-growing, non-accumulating human impact on nature 

is the essence of ENL's interpretation of the term "sustainability". 

Aside from wastes that spill over regional boundaries, the other 

complicating issue for environmental budgets is trade.  The question is 

this: if an output is produced in region A and then exported to region B, 

which region should be charged for the natural flows used in its 

production?  Unfortunately, there is no obvious answer to this question.  

The principle currently used by ENL is that an economy is responsible for 

the economic activities that occur within its boundaries. In the example 

cited, the environmental budgets of economy A are charged with the 

natural flows incurred during the output's production, but the 

environmental budgets of economy B are charged with the natural flows 

incurred during the output’s consumption, maintenance, and disposal (on 

the assumption that disposal occurs within economy B).  Similarly, 

economies that participate in resource extraction and the production of 

intermediate outputs are charged with the natural flows associated with 

those activities.  This approach ascribes the environmental impacts of 

economic activities to those most directly responsible for them.  It is thus 

to some degree fair and provides an incentive for efficiency improvements. 

Nevertheless, there are excellent reasons to consider an alternative 

approach, as can be seen from a perceptive article that appeared in the 

Boston Globe: 

"The West has worked long and hard to transform China into what it 

is today: an industrial platform for the world where some of the most 

noxious, occupationally hazardous production processes are 

concentrated.  Western governments and corporations have not only 

benefited, but have helped lead China down this road of energy-

intensive, environmentally destructive development with resulting 

rapid increases in greenhouse gas emissions.  In addition, Western 

consumers have directly profited from the inexpensive products that 

pour from China’s factories."12 

 

Given this consequence of capitalist globalization, it might be better to 

split the production-associated natural flows between the exporter and the 

importer.  If a contractionary economy had to absorb 50% of China's 
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pollution effects when importing goods from that country, the trade 

relationship would be significantly altered, and the Chinese economy 

might gradually become more balanced and less exploitive. 

Consistent with its budgetary approach to ecological limits, ENL 

refers to an economy's biological flows as environmental expenditures, not 

as environmental costs.  As noted previously, value and cost apply 

exclusively to the human domain and thus have no bearing on the 

environmental sphere.  Natural cost, you will recall, refers to the damage 

done to human beings through the environmental effects of production; it 

does not refer to environmental damage itself.  ENL's interpretation of an 

informal expression such as "high environmental cost" is that the economic 

activity in question entails significant expenditures of the economy's 

environmental budgets, and possibly significant depletion of the area’s 

nonrenewable resources. 

 

BUDGET SHARES AND SHARE LIMITS 
Once an economy's budget for a biological flow has been scientifically or 

politically established, the budgeted amount must be allotted to the final 

outputs that require the flow in their life cycles.  Each such allotment is 

called a budget share.  The question is: how should these budget shares be 

determined? 

 To frame this question using a simple example, consider the case 

where the budget is 100 units of a particular pollutant, and four outputs 

unavoidably expel this pollutant in their life cycles.  What is a rational 

basis for establishing the budget shares for these four outputs?  The most 

obvious choice is to divide the budget evenly by allotting 25 units of the 

pollutant to each.  However, this makes little sense from the ENL 

perspective: one of the outputs may be able to achieve a great deal of 

health, while another may be able to achieve very little; some may even 

result in negative health.  If our objective is to maximize a society's overall 

health, an environmental budget should not be divided evenly or 

arbitrarily, but strictly on the basis of an output's health-generating 

potential. 

For this reason, ENL’s method is to allot the next unit of a biological 

flow to the output that will achieve the greatest incremental health benefit.  

The size of this unit is a matter of convenience and will likely differ for 

each flow.  To illustrate, let me continue with the above example.  The four 

outputs are called A, B, C, and D, and the output quantity for each is 

currently zero.  When the first unit of A is consumed, it is expected to 
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achieve the highest marginal gains of the four outputs.  The first unit of B 

is expected to achieve the second-highest marginal gains, etc. 

Clearly, the initial unit of the pollutant should be allotted to output A.  

In fact, the pollutant should continue to be allotted to A until its marginal 

gains have decreased to those of B.  After this the pollutant should be 

allotted to A and B equally, up to the point where their marginal gains 

have decreased to those of C.  Then the pollutant should be allotted to A, 

B, and C equally, until their marginal gains have decreased to those of D.  

Finally, the pollutant should be allotted equally to all four outputs until 

the budget of 100 pollutant units is fully exhausted. 

This method of equalizing marginal effects, which is well-known in 

standard economics, ensures that the greatest health gains will be 

squeezed from the waste in question.  I should add that the method also 

applies to allocation in general: the next unit of an input should be 

allocated to the output that, at its current quantity, will achieve the 

greatest marginal gains.  The method is general, powerful, and works 

whenever we must choose rationally among multiple alternatives.  It 

should also be noted that the allotment of renewable resources is precisely 

the same as their allocation.   Allocation means the assignment of inputs to 

the production of outputs, which means that the allotment method just 

described is congruent with their allocation method. 

ENL’s approach to environmental budgets and the allotment of 

budget shares is summarized in figure 5-1. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 5-1: Environmental budgets and budget shares.  An economy has a 

budget for every biological flow, based on physical realities as established 

by science and possibly through political agreements.  Each budget is 

allotted to the final outputs that need the flow in proportion to the marginal 

health gains expected from these outputs.  
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In this highly simplified picture, the economy requires three biological 

flows, and therefore has three environmental budgets.  The budget for the 

second flow is divided into four budget shares, corresponding to the four 

outputs that require this flow.  As explained above, the division of these 

shares is done on the basis of the relative health-generating capacities of 

the outputs at the margin.  This allotment method results in the maximum 

amount of health that the economy can achieve from utilizing this flow at 

the budgeted rate.  It should be emphasized that a budget share pertains to 

the final output's entire life cycle.  The effectual value from the 

consumption of a final output is not achieved in isolation, but requires all 

stages before and after consumption.  The flows required for all these 

economic activities must therefore be totaled in order to determine the 

final output's overall flow requirement. 

We now have to shift our attention from a specific flow to a specific 

output.  Our initial task, after all, is to determine an output's ecological 

limit.  The practical consequence of assigning a budget share to an output 

is that this indirectly sets the maximum quantity for its production.  Once 

an output has exhausted its budget share by using its entire allotted flow, 

it has reached its share limit for this flow.  To safeguard the environment, 

production must stop at this output quantity.  However, this is obviously 

not the whole story.  Each output will typically have not one but many 

biological flows associated with it.  Imagine any output - a cup, a book, a 

set of skis - and consider the numerous natural impacts each has during its 

life cycle, from resource extraction to disposal.  A typical output thus has 

multiple share limits associated with it.  The next question to be answered 

is therefore: What is the relationship among these share limits in setting 

the ecological limit for an output's production? 

 

ECOLOGICAL LIMIT – SINGLE OUTPUT 
Based on ENL's ethical stance towards future humankind, an economy 

must respect all of its budgets, without exception.  This means that an 

output cannot contribute to the violation of any of the economy's 

environmental budgets.  This in turn implies that, once an output has 

exhausted the first budget share it encounters as its production increases, 

any further increase in output quantity is prohibited.  That is, the 

ecological limit for a final output is the lowest share limit with which it is 

associated.  See figure 5-2. 
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(NOTE: Starting with this figure, the abbreviations "EV" and "IC" will be 

used for effectual value and input cost, respectively, in order to minimize 

clutter.) 

 

The output depicted here requires three biological flows, and 

therefore has three budget shares.  Based on the economic conditions 

associated with the output's life cycle, these shares are exhausted at the 

share limits shown.  The lowest of these three - share limit #1 - is the 

output's ecological limit.  Unless conditions change, the output's 

production cannot exceed this quantity.  If conditions anywhere in the 

output's life cycle do change and flow #1 is no longer required, or if this 

share limit shifts significantly to the right, share limit #2 will become the 

new ecological limit and thus the new maximum allowable output 

quantity.  This applies to each share limit in turn, until the last biological 

flow required by the output has been taken into account. 

To allow the reader to review the above thinking about budgets, 

shares, and limits, let me run through it again, this time using a concrete 

example.  As in the last chapter, I will repeat some ideas and use 

simplified terminology. 

At one point in my life I ran a small house-framing business, so I will 

use houses as the final output.  The houses I have in mind are constructed 

of wood and are of standard size and features.  Because wood is a 

renewable resource, the economy will have a budget for wood utilization - 

that is, for the flow of wood into the economy.  Extracting wood from 

forests causes habitat destruction, which is subject to a second budget.  

Let's confine ourselves to these two budgets and see how they determine 

the ecological limit for house production. 

Like anyone with a budget and responsibilities, we have to think like 

wise managers.  Take the wood budget first.  We can spend this entirely 
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on a specific output, such as guitars, chopsticks (the non-plastic kind), 

dining room furniture, or baseball bats.  However, given ENL's goal, we 

should utilize our budget in such a manner that the health of our society is 

maximized.  Using it all for baseball bats, or even for houses, is probably 

not the best way to achieve this. 

What should guide our spending decisions are the gains discussed in 

the last chapter.  The simplest approach is to assign each unit of wood to 

the output that can, under current conditions, achieve the greatest health 

gains.  Thus, if houses currently have a higher health potential than 

guitars, chopsticks, and furniture, the next unit of wood should be 

assigned to houses.  Assume that the same is true for the next 100 units.  

At this point, enough houses have been built, and it turns out that the next 

unit of wood should be assigned to furniture.  Then perhaps the wood 

should go to guitars, and finally to chopsticks.  With this approach, each 

output receives its "fair" share, where fairness is judged by the incremental 

contribution it makes to society's health.  Let's assume that, when this 

allotment method is applied, house builders are permitted to use 40% of 

our society's wood budget, and with this wood they are able to construct 

25,000 houses.  This output quantity is therefore the first share limit for 

houses. 

Now let's shift our attention to the second budget - forest habitat 

destruction.  If we assume for simplicity that wood extraction is the only 

reason our economy destroys forest habitat, then the outputs mentioned 

above will have no competition for this privilege, and houses will again 

receive 40% of the budget.  However, it may turn out that the habitat 

budget is considerably "smaller" than the wood budget, in the sense that 

only 15,000 houses can be built by exhausting the budget share for forest 

habitat destruction.  In this situation we therefore have two share limits for 

houses - 15,000 units and 25,000 units.  Which of these should apply? 

ENL's goal is sustainable well-being.  This means that well-being must 

be achieved within ecological constraints.  Building more than 15,000 

houses would cause this output to exceed its budget share for habitat 

destruction, which could very well cause our economy as a whole to 

exceed its budget for this flow.  This is unsustainable, and the limit of 

15,000 houses thus applies.  Given the scenario presented here, this 

quantity must be accepted as the ecological limit for house construction.   

To summarize: because of the potentially disastrous consequences of 

overexploiting a biological flow, ENL takes the precautionary stance of 

choosing the lowest share limit to set the maximum quantity for an 

output’s production.  This share limit is called the output's ecological limit. 
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ECOLOGICAL LIMIT - ECONOMY 
When dealing with an economy's total outputs, recall the approach that 

has been adopted: the output mix remains the same, and the economy's 

scale changes by increasing and decreasing this fixed output combination.  

With this in mind, ecological constraints apply to an economy's total 

outputs in much the same way as they do to a single output.  The only 

difference is that the constraints are based on environmental budgets 

instead of budget shares. 

When an economy's scale increases, it will eventually exhaust an 

environmental budget.  The scale at this point is called the economy's 

budget limit with respect to this flow.  Because numerous outputs are 

produced by an economy, it will have numerous budgets and budget 

limits.  The budget limit currently associated with the lowest economic 

scale establishes the economy's maximum allowable scale, and is therefore 

the economy's ecological limit.  See figure 5-3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As this economy increases in scale, its total outputs will sooner or later 

exhaust the economy's first budget limit, which is the economy's current 

ecological limit.  Scale cannot increase beyond this point until the flow is 

no longer used or the budget limit is increased, as with share limits for 

individual outputs.   If this should happen, the second budget limit will set 

the ecological limit, and so forth. 

It should be noted that the violation of an economy's ecological limit is 

essentially a local version of global overshoot.  In fact, global overshoot 

has occurred because numerous rich countries have drastically 

Figure 5-3: Budget limits and ecological limit.  The economy as a whole 

has many budget limits.  The lowest of these is the ecological limit for the 

economy’s scale.  

 

Marginal 

Health  

EV 

IC 

Quantity/ 

Time 

Budget 
Limit 

#1 

0 

Budget 
Limit 

#2 

Budget 
Limit 

#3 

ECOLOGICAL 
LIMIT 

 



ENVIRONMENTAL LIMITS  /  133 

overstepped the ecological limits of their economies.  In chapter nine this 

broader topic will be addressed in some detail. 

 

TARGET OUTPUT QUANTITY 
Let me continue with the house example and establish what has been 

informally called an output's rational quantity.  Recall that houses have 

two share limits - 15,000 units and 25,000 units - and that 15,000 units was 

therefore the ecological limit.  Assume that, by applying our method for 

maximizing gains, we determine that the optimum quantity for houses is 

40,000.  Houses therefore have an ecological limit of 15,000 and an 

economic limit of 40,000.  If we exceed 15,000 houses we will potentially 

cause our economy to exceed its budget for forest habitat destruction, so 

this is the quantity for which our economy should aim.  But what would 

happen if we change the way wood is extracted, thereby reducing habitat 

destruction and increasing the ecological limit for houses to 60,000?  In 

that case the output quantity could rationally rise to the optimum quantity 

of 40,000, but no further.  Even though we are now "permitted" on 

ecological grounds to produce 60,000 houses, we should nevertheless aim 

for the economic limit of 40,000 houses. 

Generalizing from this example, the rules for setting an output's 

"rational" quantity are the following: 

1. If the output’s ecological limit is lower than its optimum quantity, 

the ecological limit is should be chosen because a higher output 

level is unsustainable. 

2. If the output’s optimum quantity is lower than its ecological limit, 

the optimum quantity should be chosen because a higher output 

level will result in health losses. 

The term used in ENL to designate the lower of these two limits is the 

final output's target quantity.  This output level is rational in a sense that 

precisely reflects ENL's ethical principle: it maximizes the health of present 

humankind while maintaining the natural conditions for the health of 

future humankind.  By combining the methods for maximizing human 

gains and respecting environmental constraints, this result identifies the 

unique quantity that an economy should strive for with regard to each 

output it produces.  Figure 5-4 depicts the case where the ecological limit 

is the lower of the two limits. 
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In this situation output quantity should increase to, but not beyond, 

the ecological limit.  If production is lower than this, some potential health 

will not be realized for present humankind, thus hurting both present and 

future generations.  If production is higher that this, we risk 

environmental degradation, thus undercutting the basis for future health.  

The output's target quantity (Qt) is therefore its ecological limit.  The 

second possibility is that the optimum quantity is lower than the 

ecological limit.  This is shown in figure 5-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-4: Target quantity is the ecological limit.  The target quantity for 

an output is the lower of its ecological limit and its optimum quantity.  This 

quantity maximizes the health of present human beings without 

endangering the health of future human beings. 
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Figure 5-5: Target quantity is the optimum quantity.  Here the situation is 

reversed from the previous figure: the optimum quantity is lower than the 

ecological limit, and the target quantity is therefore the optimum quantity. 
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In this case production should increase to, but not beyond, the 

output's optimum quantity.   If production is lower than this, present 

health is not maximized.  If production is higher we will initially incur 

losses, and we will eventually risk future health if the ecological limit is 

exceeded.  The output's target quantity in this situation is therefore its 

optimum quantity, or economic limit. 

The same reasoning can be applied to an economy's total outputs, thus 

giving us the economy's target scale.  As stated earlier, the concept of 

economic scale fails to discriminate among outputs according to their 

health effects, and this target should thus be considered an immediate 

rather than an ultimate objective.  Nevertheless, if practical circumstances 

prevent us from dealing with each output individually, the next best 

approach is to move the economy's current scale to its target scale, thereby 

maximizing our society's health under prevailing conditions. 

In chapter four it was pointed out that optimization must be 

considered both in the short run, when value and cost remain fixed, and 

over the long run, when these factors can change.  This applies here as 

well.  In figure 5-5, for example, reduced output maldistribution will shift 

the effectual value curve up and the optimum quantity to the right.  This 

will increase the target quantity until the ecological limit is encountered.  

Reduced maldistribution for labor or wastes will shift the input cost curve 

down, again moving optimum quantity to the right and increasing the 

target quantity. 

 

ECOLOGICAL EFFICIENCY 
Ecological efficiency measures the success of production activities in 

minimizing a required natural flow.  The concept is introduced here 

because a change in ecological efficiencies can shift budget limits and 

share limits, and thus ecological limits and target quantities.  As well, the 

concept is required to establish target rates for natural flows, as discussed 

below.  Note that, although the limits we have been discussing are based 

on biological flows, ecological efficiency applies to all natural flows, and 

can therefore be specified for nonrenewables as well. 

Ecological efficiency (EE) is the relationship between a natural flow 

and its associated output, and is expressed as a ratio - the output's 

quantity divided by the amount of the flow used in its production: 

EE = Q/flow 

If an output incorporates multiple natural flows, it will have multiple 

ecological efficiencies associated with it. 
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Because ecological efficiency is a technical measure (its definition 

excludes health), it is relevant to production in general, and can therefore 

be applied to any stage of the output life cycle.  For instance, even though 

a printing press is an intermediate output and thus lacks potential value, 

we can calculate the ecological efficiencies for the natural flows used in its 

production. 

Ecological efficiency is a ratio of mixed dimensions.  The numerator is 

a unit quantity of an output, and the denominator reflects the material 

nature of the associated flow.  Following are three examples of such ratios: 

 One house/Board feet of lumber 

 One construction beam/Pounds of iron 

 1,000 hours of consulting services/Kilograms of greenhouse gases 

The mixed nature of this ratio means that ecological efficiencies are 

commensurable only if the outputs are the same and the natural flows are 

of the same types.  For example, it is possible to compare the ecological 

efficiencies of two house-building methods by citing how many board feet 

of lumber each requires for a standard-size house.  However, it is not 

possible to compare these ecological efficiencies with those for the 

construction of a commercial building that uses steel. 

The effects of changes in ecological efficiencies on share limits (for a 

single final output) and budget limits (for the economy as a whole) are 

depicted in figure 5-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-6: Ecological efficiency and share/budget limits.  An increase in 

ecological efficiency will increase a share limit or budget limit, thus 

permitting higher output quantities.  A decrease has the opposite effect. 

Marginal 

Health  EV 

IC 

Quantity/ 

Time 

0 

Share Limit or 
Budget Limit 

Share Limit or 
Budget Limit 

Higher 
Ecological 

Efficiency 

Lower 
Ecological 

Efficiency 



ENVIRONMENTAL LIMITS  /  137 

Consider a single output first.  If ecological efficiency rises for a 

biological flow, less of the flow is required per unit of output, which 

means that more of the output can be produced within its budget share.  

The output’s associated share limit thus increases - that is, it shifts to the 

right.  If this share limit is also the ecological limit, the ecological limit 

increases.  If the ecological limit is also the target quantity, the target 

quantity increases as well.  The reverse sequence applies if ecological 

efficiency falls. For an economy's total outputs, a rise in ecological 

efficiency means that the associated budget limit shifts to the right.  If 

ecological efficiency falls, the budget limit shifts to the left.  The impacts on 

the ecological limit and target scale are parallel to those for a single output. 

It is important to recognize that increased ecological efficiency is the 

only way to increase share limits and budget limits.  These limits are based 

entirely on the physical world, and therefore cannot be affected by 

economic factors such value, cost, or population levels.  On a graph the 

limits could therefore be imagined as fixed, with the other quantities 

shifting around them, unless technical changes occur that modify their 

associated ecological efficiencies. 

Ecological efficiencies can be illustrated by returning to the house 

example.  If we stop clearcut logging and choose a more environmentally 

benign method of harvesting wood, habitat destruction per unit of wood 

will decrease.  This will constitute an increase in ecological efficiency for 

this flow, and will permit us to extract more wood and thus to build more 

houses.  If we are sufficiently successful in reducing habitat destruction, 

the ecological limit will shift to the wood budget.  If this occurs, our 

efficiency efforts should be redirected - we should now focus on using less 

wood per house, building smaller houses, emphasizing multiple-

occupancy residences over single-family houses, or perhaps moving away 

from wood to a construction material with less environmental impact.  

Efforts such as this will continually shift the ecological limit to the next 

higher share limit, until the ecological limit is higher than the optimum 

quantity and we can rationally produce up to the output's economic limit.  

A few additional points should be made regarding ecological efficiencies: 

First, if an output is recycled rather than discarded, some of the 

natural resources it contains will be recovered.  This will effectively reduce 

the natural flow requirement per unit of output quantity.  Recycling is 

thus one way to increase ecological efficiency. 

Second, ecological efficiency applies not only to scarce resources 

(those obtained through economic production, such as metals and oil), but 

also to resources that are widely available without production, such as air, 

sunlight, and water.  For example, a solar panel than uses less sunlight per 
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unit of electricity is more ecologically efficient than one that uses more, 

even though sunlight is not the result of production.  The same can be said 

for a windmill with respect to wind requirements. The unconditional 

maximization of ecological efficiencies is necessary if we are to delay the 

onset of scarcity, thus postponing the day when painful choices must be 

made with respect to resource allocation. 

Third, an increase in ecological efficiencies will typically lower natural 

cost.  If less of a pollutant is generated per unit of output, the human 

damage from this production will likely be reduced as well.  Of course this 

reduced cost can easily be negated by an increase in output quantity.  This 

is called the rebound effect or Jevons paradox, and arises when people 

consume more of the same output with the money they save from higher 

efficiencies.  Although this is always a potential danger, it should not be a 

major issue for an ENL-driven economy. 

Last, ecological efficiencies complicate the ranking of production 

facilities.  In chapter three this choice was based solely on potential gains 

(see figure 3-11).  However, it is possible that facility A achieves higher 

potential gains than facility B, but that B has higher ecological efficiencies 

than A.  In such cases, which production facility should be preferred?  

Unfortunately, no analytical method appears to exist here.  Potential gains 

relate largely to present health, whereas ecological efficiency relates 

largely to the natural conditions for future health.  Such temporally 

separated quantities are difficult to compare, and social judgment must 

therefore determine which production facility should be preferred. 

ENL’s definition of ecological efficiency is strongly reminiscent of the 

well-known “IPAT” equation.  This was developed in the 1970s during 

debates about the factors involved in ecological impact.  Written out in 

full, the formula is this: 

Impact = Population * Affluence * Technology 

This means that the level of ecological impact is determined by 

population, affluence (per capita consumption), and the level of 

technology.  If we interpret the latter as efficiency, it must appear as the 

denominator.  The formula then becomes: 

I = PA/T 

Thus, ecological impact rises if population increases or per capita 

consumption increases; it drops if technical efficiency increases.  Compare 

this to ENL’s formula for ecological efficiency: EE = Q/flow.  This can be 

rearranged as follows: 

Flow=Q/EE 
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The terms in these two formulas are equivalent: ecological impact is 

the result of natural flows, population multiplied by affluence results in 

output quantity, and technical efficiency is equivalent to ecological 

efficiency.  The formulas are thus consistent with each other, reflecting the 

fact that they are different approaches to the same underlying issues.  

From this brief discussion it should be clear that the IPAT formula, when 

interpreted in ENL terms, is a powerful tool for reducing ecological 

impact, and thus for reversing our perilous overshoot condition.  This will 

be evident when overshoot reversal is discussed in chapter nine. 

 

TARGET FLOW RATES 
The first aim of this chapter's analytical tools was to modify the 

conclusions of chapter four by taking ecological constraints into account 

and determining target output quantities.  This has now been done.  The 

second aim is to establish target rates for natural flows. 

It is important to distinguish this task from the discussion about 

environmental budgets above.  An environmental budget is the maximum 

permissible rate for a biological flow.  What is being sought now is not the 

maximum rate, but the rational rate, which must apply not only to 

biological flows, but to all natural flows - both biological and 

nonrenewable.  Up to this point, the only thing that has been established is 

that, if an output's target quantity is its ecological limit, then the biological 

flow associated with this limit should be used at this particular rate.  In the 

house example, the target output quantity was 15,000 houses because of 

habitat destruction.  We thus know that the target rate for this specific flow 

is the habitat destruction associated with the construction of 15,000 houses.  

However, this tells us nothing about the flow rate for wood.  The share 

limit for wood was 25,000 houses, but because we can build only 15,000 

houses, the wood for 10,000 houses is unneeded.  The target flow rate for 

wood is not the maximum as specified by the budget share, but the actual 

rate required for the target output quantity of 15,000 houses. 

Figure 5-7 will be used to describe the overall logic that must be 

applied here, for a single final output. 
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At top left is the final output's optimum quantity, and to its right is the 

output's ecological limit.  These two establish the final output's target 

quantity, as explained earlier in this chapter.  Once the target quantity is 

known for each final output, we can determine the target quantity for each 

associated intermediate output.  As has been emphasized, such an output 

incurs input cost but does not result in effectual value, so it is impossible 

to establish its target quantity directly. 

The rule for establishing the optimum quantity for an intermediate 

output was stated in chapter four, and the rule for establishing the target 

quantity is similar: it is the minimum quantity required for the target 

quantities of all associated final outputs.  The diagram shows only a single 

final output for simplicity, but it should be kept in mind that numerous 

final outputs may contribute to the determination of an intermediate 

output's target quantity. 

What the above implies is this: the target rate for any natural flow is the 

minimum rate required for the target quantities of its associated final and 

intermediate outputs, at the maximum achievable ecological efficiencies.  The 

target rate for the economy as a whole results from extending this 

principle to the economy's total outputs. 

This conclusion is one of the features that distinguishes ENL from 

ecological economics.  ENL establishes maximums for the three biological 

flows in order to avoid threshold violations, and establishes targets for all 

four natural flows in order to minimize the economy's impact on nature 

and resources.  Ecological economics, in conjunction with the physical 

Figure 5-7: Target rates for natural flows.  These targets are determined by 

estimating the flows required for the target quantities of associated 

intermediate and final outputs, at the maximum achievable ecological 

efficiencies.   
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sciences, sets appropriate maximums for the biological flows, and these 

have been adopted by ENL.  However, the field is silent about targets - 

that is, not the maximums we can use based on ecological limits, but the 

minimums we should use based on human optimizations.  The reason for 

this reticence is that ecological economics does not independently address 

human gains and thus has no way to optimize output quantities - instead 

it relies on capitalist markets for this purpose.  Lacking such a method, the 

field can only discuss the maximums that nature will permit. 

 

FLOW RATE PATTERNS 
As is evident from the preceding discussion, target rates for natural flows 

are tightly linked to target levels for outputs: as output levels rise, flow 

rates will tend to rise; as output levels fall, flow rates will tend to fall.  For 

the rich countries, many output levels are presently far above their targets, 

and we would therefore expect both output levels and flow rates to 

decrease sharply when these economies adopt ENL.  For the poor 

countries, conversely, output levels are typically below their targets, and 

we would therefore expect both output levels and flow rates to increase.  

Once target levels have been achieved in both rich and poor countries, we 

would expect output levels to remain roughly constant, but flow rates to 

decrease further as ecological efficiencies continue to rise and other 

economic modifications are made. 

As noted, ENL refers to changes that can be achieved quickly as the 

short run.  During this restricted period, ecological efficiencies and 

economic conditions that determine value and cost are assumed to be 

fixed, but output quantities can change.  The longer-term period is 

referred as the long run.  During this more extended span, ecological 

efficiencies and economic conditions can change as well.  Based on this 

distinction, figure 5-8 shows a hypothetical flow rate pattern for a rich 

country that has recently adopted ENL for economic guidance. 
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The current, excessive flow rate is F1, due to the excessive quantities 

for the various outputs that use this flow.  If ENL's principles are 

vigorously applied, these quantities will drop to their target levels in the 

short run, thereby decreasing the flow rate sharply to target rate F2.   The 

diagram shows this decrease occurring over time t1.  The actual duration 

will obviously depend on circumstances, but based on the severity of our 

ecological predicament it should probably represent a decade or two at 

most.  Once rate F2 is reached, the flow rate declines further over the long 

run, albeit at a slower pace. 

What economic modifications might achieve a continuing decline in 

natural flow rates?  Below is a brief list of the more significant ones, 

assuming a fixed population. 

1. Increase ecological efficiencies.  While my focus in ENL is on 

rational guidance rather than technical ingenuity, there will 

always be room for clever innovation.  Within the scope of 

society's chosen level of technological complexity, this deeply 

ingrained human facility should be fully exploited to create 

technologies and production methods that will continuously 

increase our ecological efficiencies.  Ingenuity is problematic 

today because conventional thought relies on it heavily to provide 

technological fixes to the massive problems we face.  This is too 

large a burden for even the most inventive minds to bear.  

However, once contractionary revolutions have occurred and our 

Figure 5-8: Natural flow rate pattern - rich country.  Flow rates should 

decrease sharply in the short run (until time t1) as a rich country moves 

towards target output quantities.  Flow rates should continue a steady but 

slower decline over the long run due to increased ecological efficiencies and 

other economic improvements. 
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demands on nature have been significantly reduced, ingenuity 

can be relied on to make our modest life-styles increasingly 

efficient. 

2. Re-organize the economy.  Achieving target output quantities in 

the short run already implies fundamental economic changes: 

some outputs may cease to be produced, while others may be 

sharply ramped up.  Beyond these quantitative changes, however, 

there are qualitative factors that can be modified.  Natural flows 

can be reduced by choosing the most efficient production 

facilities, by building new facilities that are designed and located 

so as to minimize resource use, and by using communication 

technologies to prevent environmental expenditures where these 

are not absolutely required. 

3. Reduce the consumption of wants.  Society should critically 

examine the consumption of sanctioned wants so as to maximize 

the fun, entertainment, knowledge, etc. derived from 

environmental expenditures.  This will likely result in a profound 

cultural shift, including the rediscovery of beneficial social 

patterns that were abandoned during the unsustainable bubble of 

plenitude of the last several centuries. 

Even more dramatic than the above changes is a conscious reduction 

in a society’s level of technological complexity.  A simpler life-style will 

significantly lower our reliance on natural resources, for both production 

and consumption.  As will be shown in the next chapter, this choice will 

also decrease the optimum population, a change that could drastically 

reduce our natural flows over the long run. 

 

NATURAL FLOWS - SYNOPSIS 
The four natural flow categories overlap in some of their attributes and 

differ in others, which can cause confusion for those studying ENL.  This 

problem certainly afflicted me during the framework’s development, and I 

would like to spare the reader similar headaches. The following table and 

discussion will hopefully provide some clarification. 
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The four natural flow categories are listed in the table at left.  As 

shown at far left, what the top three have in common is that they are all 

biological flows.  They are therefore subject to environmental budgets, as 

indicated in the second column.  The last flow category is nonrenewables, 

which are non-biological in nature and therefore not budgeted.  The 

bottom two flows also have something in common.  As shown at far right, 

they are both resources that are used as inputs to production.  This is not 

true for wastes and habitat destruction, which are consequences of 

production (and consumption), but not part of the material flows ending 

in outputs.  As shown in the third column, resources are allocated - that is, 

they are assigned to specific outputs so as to maximize overall health. 

Renewables are the only natural flow that falls into both categories: 

they are biological resources that are both budgeted and allocated.  

However, ENL deals with budgeted flows by allotting them to outputs 

based on the marginal health criterion.  For renewables, therefore, 

allotment and allocation are synonymous: once allotment is complete, 

there are no additional allocation decisions to be made. 

Another characteristic of renewables is that they can serve as final 

outputs, in which case they are subject to output distribution.  Important 

examples are the foods that nourished humankind during its lengthy 

hunter-gatherer stage, and that still nourish much of our species today: 

fish, game, nuts, fruits, and edible roots.  This attribute is not recorded in 

the table. 

 

UNIQUE ASPECTS OF NONRENEWABLES 
The nonrenewables have unique attributes that have been ignored to this 

point: they are typically hidden in the earth's crust, thus making it difficult 

 Budgeted? Allocated? 

Habitat destruction Yes No 

Wastes Yes No 

Renewables Yes Yes 

Nonrenewables No Yes 
Resources 

Biological 
Flows 

 

Table 5-1: Key attributes of natural flows.  Habitat destruction and wastes are subject 

to environmental budgets and are thus used to set ecological limits.  They are not 

resources and are therefore not allocated.  Renewables are biological resources, which 

means they are both budgeted and allocated.  Nonrenewables are non-biological 

resources; they are therefore allocated but not budgeted. 
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to quantify their physical stocks, and many of them are irrevocably 

depleted.  These crucial factors call for additional discussion. 

As an example of supply uncertainty, consider coal, which is currently 

making a huge comeback despite its devastating ecological consequences.  

The longstanding assumption has been that, even at high rates of use, 

there is sufficient coal in the ground to serve humankind for more than 200 

years.  Several recent developments, however, paint a different picture.  

The price of coal has increased five-fold since 2002, but reserves have 

continued to fall, indicating that coal extraction is starting to encounter 

geological limits.  One study that applied the methods of M. King Hubbert 

to coal depletion concluded that "peak coal" would occur around 2025, 

meaning that supplies will decline after that date.  While such studies are 

dismissed by the World Coal Institute and other industry groups, which 

insist that coal supplies could last for up to 1,000 years,13 it appears that the 

final words on future coal availability have yet to be written. 

Even though we cannot be certain about a nonrenewable's ultimate 

quantity, we do know that this stock can be depleted, at least in the 

economic sense.  This is especially true for resources that cannot be 

recycled or re-used, such as the fossil fuels and the minerals used in 

fertilizers and pesticides.  The unavoidable and remorseless nature of this 

depletion means that present humankind has an ethical responsibility to 

the future with respect to these flows. 

 We might therefore ask if it was a mistake to lump the nonrenewable 

flows with the biological flows in determining target flow rates.  Perhaps a 

different utilization pattern should apply to nonrenewables in recognition 

of their unique attributes.  To examine this possibility, let me present an 

important alternative to ENL's approach: the oil depletion protocol.  

Although the protocol applies specifically to petroleum and natural gas, 

the principle it embodies could be applied to nonrenewables generally. 

The oil depletion protocol, also known as the Rimini Protocol or 

Uppsala Protocol, was initially drafted by peak oil analyst Colin Campbell.  

It has since been popularized in a book by Richard Heinberg.14  The term 

"protocol" is used because the statement is intended to regulate 

international conduct with respect to oil depletion.  The key principle is 

straightforward: 

"The world and every nation shall aim to reduce oil consumption by 

at least the world depletion rate."15 

A numerical example will clarify this statement.  Assume that the 

world's present stock of oil is 1,000 units, and that we are using 50 units 

per year.  This means we are currently depleting oil at an annual rate of 
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5%.  In this situation the protocol says that each country must reduce its 

annual use of oil by 5% or more.  If the world as a whole chooses the 

minimum permissible reduction, this means that next year we will use 

95% of 50 units, or 47.5 units.  The following year we will use 95% of 47.5 

units, or 45.1 units.  If this pattern is continued, in year 10 we will use 30 

units of oil, in year 30 about 10 units, and in year 50 about 4 units.  The oil 

stock will never be entirely depleted, and our annual utilization will move 

towards zero as we shift to a lower-energy lifestyle. 

At first glance this protocol appears to be an excellent principle for the 

global transition to a post-petroleum future.  However, I find it 

unsatisfactory for two reasons: it is arbitrary with respect to health (or any 

other criterion of well-being), and its flow reduction is far too slow, 

particularly over the short run. 

Regarding the first objection, assume that the world will require only 

30 units of oil to maximize its health in the second year.  The protocol lets 

us use 47.5 units, so depletion will likely be much faster than is necessary.  

Assume further that, 50 years from now, the world will need 10 units of oil 

for health maximization.  The protocol lets us use only 4 units, so 

depletion will be slower than necessary and global health will suffer.   

Conforming to the protocol could thus mean excessive short-term 

utilization of oil and inadequate long-term utilization, neither of which is 

optimal from the health perspective. 

Regarding the second objection, the protocol provides no basis for 

reducing oil use by more than the "least" required: the current global 

depletion rate of 2.6%.16  This minimum figure has a sound basis, and 

some countries might agree to it, but why would any country, or the world 

as a whole, decrease its utilization rate more quickly?  Campbell doesn't 

address this question in the protocol statement itself, and Heinberg 

refrains from commenting in his book.  While heroic measures by 

progressive societies are always possible, the protocol does not offer a 

rational economic reason to cut oil use by more than the minimum 

percentage specified.  It is clearly true that a 2.6% annual decrease in oil 

utilization would be better than the current rapid increase, but a modest 

decrease is a far cry from the sharp drop that our situation demands.  

Heinberg himself points to the urgent need for a dramatic reduction in oil 

use: "Society must engage in a crash program of truly radical conservation 

if we are to avoid economic and humanitarian catastrophe as industrialism 

comes to its inevitable end."17 

To visually gauge if a 2.6% annual decrease constitutes a "crash 

program", examine figure 5-9, which applies this rate of decrease to the 
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European Union's current oil use - about 15 million barrels per day - for 

the next 20 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After 20 years the EU's annual oil use will have gone down by only 

41%, to 8.8 million barrels annually.  Even if we double the annual 

decrease to 5.2%, after 20 years oil use will still be at 5.2 million barrels a 

year - a 66% decline.  If we did want to achieve a decline of 90%, which 

might reasonably qualify as the "radical conservation" Heinberg has 

proposed, this would take 87 years at an annual decrease of 2.6%, and 43 

years at 5.2%.  If we decided that a 90% reduction within 10 years is what 

the world really needs, this would require a 20% annual rate of decrease in 

oil use.  Such a reduction is about eight times the current world depletion 

rate of 2.6% and would be extremely difficult to justify on this basis. 

The problem of a too-gradual decrease in resource use afflicts any 

principle that applies a percentage decline to current utilization rates.  

Such approaches are far too conservative: they fail to recognize that 

current rates are utterly irrational and that rapid adjustments are required, 

which for the rich countries means massive short-term cuts.  Principles 

such as the oil depletion protocol might be considered realistic and 

politically achievable, but they will nevertheless act as impediments to the 

fundamental changes that are now clearly necessary. 

To illustrate this point, consider the EU oil example again, but this 

time with respect to the amount of oil utilized.  If the protocol is applied 

and utilization is reduced at the minimum 2.6% annually, Europeans will 

Figure 5-9: Decreases in EU oil use - oil depletion protocol.  The protocol 

would mandate an annual decrease in oil use of at least 2.6%.  However, 

even double this rate does not constitute a radical decline such as that 

shown in figure 5-8.  We must achieve a sharp break from past patterns of 

resource utilization, which the protocol fails to encourage. 
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use about 245 million barrels of oil by 2028.  If the ENL pattern is followed 

instead, with a sharp 90% utilization decrease in the first 10 years and a 

gradual 0.5% decrease in the next 10 years, Europeans will use only 84 

million barrels.  The difference of about 160 million barrels of oil would 

constitute an extraordinary "gift" to future humankind - one that could 

mean the difference between reconstituting tolerable conditions quickly 

after a collapse, and living in unbearable conditions for centuries to come.  

Alternatively, the latter consumption pattern could be construed not as a 

gift, but as the cessation of the ravenous theft from the future that William 

Catton has correctly ascribed to present humankind. 

 

SANCTIONED WANTS 
Chapter four briefly discussed consumption desires that do not 

significantly increase health when they are satisfied.   Such desires are 

called wants, and the associated outputs require social judgment to 

establish their appropriate production levels.  Now that environmental 

limits have been discussed, this topic can be explored further. 

Before doing so, however, let me make an important point regarding 

social judgment.  This arises in two distinct contexts with respect to ENL.  

As has been pointed out, a society must balance the framework’s economic 

conclusions against non-economic considerations such as esthetics, social 

solidarity, fairness, and spirituality.  These judgments are beyond ENL’s 

conceptual boundaries, and a society can therefore apply whatever 

principles it deems to be suitable.  The production of outputs that satisfy 

wants is quite different.  Here society is making judgments within ENL’s 

conceptual boundaries in that the framework needs social assistance in 

drawing economic conclusions.  A society’s freedom of choice is therefore 

constrained: on the assumption that ENL has been chosen for economic 

guidance, it can apply its own principles only insofar as these are 

consistent with those of ENL.  Contradictory principles would destroy the 

framework’s conceptual integrity and undermine the guidance it provides.  

As will be seen shortly, this applies with particular force to ecological 

limits. 

Let me now discuss the criteria that ENL applies in order to separate 

wants into the sanctioned and unsanctioned categories.  Concretely, wants 

pertain to outputs like movies and concerts, which play a major role in the 

economies of the rich countries.  Much more significant on the global 

stage, however, are poor families that have only modest quantities of basic 

items like soap, clothing, and shoes.  In such cases higher quantities, while 

not necessarily improving health, could lead to substantial improvements 

in comfort and dignity. 
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The distinguishing feature of a want-satisfying output is that both its 

potential value and its effectual value are essentially zero.  This leaves us 

with two cases to investigate: where input cost is negligible and can 

therefore be set to zero as well, and where input cost is non-negligible, 

requiring us to treat is as non-zero.  The latter case is discussed first.  See 

figure 5-10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This situation has not been presented before and may therefore look 

unusual on a graph, but it poses no new challenges.  When input cost is a 

factor, an effectual value of zero is treated exactly the same way as an 

effectual value that is positive or negative.  In this figure the effectual 

value (EV) curve is congruent with the horizontal axis, which is the zero 

level for marginal health.  The input cost curve cuts the horizontal axis at 

Q*.  This is the point where health is maximized, and thus identifies the 

optimum output quantity.  The ecological limit marks the absolute 

maximum quantity, which is subject to change only if ecological 

efficiencies rise or fall. 

To illustrate, consider again the small, self-contained economy of 

chapter four, and let’s apply this idea to the number of concerts that 

should be performed over a year.  Assume that input cost is negative for 

the first 10 concerts because, at this low level of activity, there are positive 

health effects from labor and no significant environmental impacts.  At Q* 

these gains have been maximized.  However, input cost is positive for 

concerts above this number.  Labor cost increases as instruments and 

equipment are moved around more frequently, and natural cost rises as 

pollution from the transportation of performers and audience members 

Figure 5-10: Non-zero input cost.  When potential value and effectual 

value are essentially zero, but input cost is non-zero, optimum output 

quantity can be determined through input cost alone. 
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takes its toll on public health.  If more than 10 concerts are performed, 

losses will start to accrue, and net losses could result if the number of 

concerts goes beyond about 20.  Based on the principles enunciated so far, 

the annual “production” of concerts should stop at 10. 

But let’s assume that people have immense fun at these concerts, and 

that there is strong social pressure to increase their number - that is, to 

sanction this want.  From the figure it is clear that losses would occur, and 

that net gains would therefore decline.  In effect, society would be 

sacrificing the health of concert workers (labor cost) and the public 

(natural cost) for the fun of concert attendees.  Because this contravenes 

ENL’s ethical stance - everyone is of equal worth - this want should not be 

sanctioned. 

Looking only at labor cost for simplicity, there are at least two ways to 

escape from this conclusion.  First, it might be possible to compensate the 

workers for the health loss they incur in production by increasing the 

health gain they derive from consumption.  In other words, they could be 

paid more.  Whether or not this is feasible must be evaluated for each 

individual case, but the possibility should be explored.  The other option is 

to increase the number of workers.  As noted in chapter three, because the 

labor cost curve slopes upward, total labor cost declines as the worker 

participation rate rises for a given amount of work.  Although it is clearly 

impractical to have a horde of workers travel with a band, it is possible for 

the able-bodied members of an audience to show up a few hours early and 

help the roadies set up.  In today’s business environment this is difficult 

because of union rules and insurance requirements, but as our economic 

perspective changes, such restrictions could be eased. 

 The other case to be considered - where input cost is essentially zero - 

is depicted in figure 5-11. 
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Assume that the output being analyzed here is shoes.  The initial 

quantity consumed will have definite health benefits by preventing cuts 

and diseases, keeping feet warm, etc.  This is shown by the positive and 

constant portion of the effectual value curve.  When all consumers have 

obtained these benefits, the health effect will quickly decline.  However, 

unlike ingested outputs like food, drinks, and drugs, the consumption of 

shoes cannot cause effectual value to become negative.  The curve thus 

declines to zero (the horizontal axis) and remains there.  Because input 

cost is by assumption negligible, it is also congruent with the horizontal 

axis. 

In this situation, consumption is objectively justified until quantity Q*.  

Up to this point, effectual value is greater than input cost and quantity is 

less than the ecological limit.  The shoes thus represent a need that can be 

sustainably satisfied.  For quantities greater than Q* we are dealing with a 

want that is subject to social decisions.  In the range from Q* to the 

ecological limit, society may decide to approve further shoe production 

based on its chosen criteria.  In other words, it may decide that additional 

shoes satisfy wants that should be sanctioned.  However, society cannot 

sanction the production of quantities beyond the ecological limit.  Doing 

so could mean sacrificing the needs of future humankind for the wants of 

present humankind, thus contravening ENL’s ethical foundation.  The 

only way to escape from this conclusion is to abandon ENL's economic 

guidance. 

Figure 5-11: Zero input cost.  Up to quantity Q* the production of this 

output is justified on the basis of need satisfaction.  From Q* to the 

ecological limit, society must decide if the want should be sanctioned.  

Beyond the ecological limit the want cannot be sanctioned based on ENL 

principles because its satisfaction could harm future humankind. 
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A highly significant point here is that sanctioned wants are possible 

only when an output's ecological limit is higher than its optimum quantity.  

Stated differently, sanctioned wants can arise only if an output's target 

quantity is its optimum quantity.  If the target quantity is instead the 

ecological limit, the range for sanctioned wants has disappeared.  You can 

see this in the graph by mentally moving the ecological limit to the left and 

noting that the range for satisfying these wants is squeezed out.  This 

underscores the importance of applying human ingenuity so as to increase 

ecological efficiencies to their maximum feasible levels.  Doing so creates 

valuable "ecological space" for social decisions about the satisfaction of 

deeply-felt wants. 

Aside from ecological reasons, a society may decide not to sanction a 

want because it does not consider the consumption desire to be genuine.  

That is, it may determine that the want has been implanted by residual 

manipulation or peer pressure, and does not constitute an autonomous 

human desire.  Society may also judge that a want-satisfying output has 

undesirable social consequences: undue violence, invidious distinctions, 

etc.  As well, society may determine that, while the output would satisfy a 

genuine want, other outputs have greater priority, and its satisfaction 

should therefore be deferred. 

The decisions referred to in this section could be imposed by 

government, as would presently be the case in Cuba,18 or they could be 

made collectively by members of a small economic community.  They 

could also be made indirectly through social attitudes and pressures.  Just 

as smoking is becoming socially unacceptable in many areas, it may soon 

become disreputable to own shoes, clothes, houses, etc. beyond health 

requirements and the credible claims of life enrichment.  Once capitalist 

logic has significantly subsided we might even see ads on television 

promoting moderation and thrift rather than fast cars and exotic vacations.  

Such ads would constitute social decisions about want satisfaction just as 

much as stern edicts from a central authority. 

 

                                                 

Notes 
1 It is necessary to distinguish between depletion, which refers to the decrease in resource 
availability, and extraction, which refers to the economic activities associated with 
depletion.  These activities - fracking, mountaintop removal, surface removal in the 
Alberta tar sands, etc. - frequently cause immense environmental damage.  The discussion 
here is about depletion, not extraction. 
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2 William R. Catton, Jr., Overshoot: The Ecological Basis of Revolutionary Change (Urbana and 
Chicago: University of Illinois Press, 1980), 3. 

3 Catton, Ibid., 266. 

4 Robert L. Heilbroner, An Inquiry into the Human Prospect (New York: W.W. Norton & 
company, 1975), 169f. 

5 William Ophuls dedicated his important 1977 book, Ecology and the Politics of Scarcity, "To 
the posterity that has never done anything for me."  He was referring to a famous 
question that has been variously attributed: "What has posterity ever done for me?"  In 
the text Ophuls says, "In fact, any purely economic man must ignore the interests of 
posterity, for it has no agent he can bargain with in a market place and nothing of 
economic value to offer him.  It is an economic fact that posterity never has and never 
will be able to do anything for us.  Posterity is therefore damned if decisions are made 
'economically.'"  (p. 180) Unfortunately, Ophuls here identifies the sphere of economic 
thought with the logic of capitalism - a significant weakness in an otherwise admirable 
thinker. 

6 "Sperm damage 'passed to children'", BBC website, Feb. 19, 2008. 

7 Edmund Burke, Reflections on the Revolution in France (Aylesbury, Bucks: Penguin Books, 
1790), 194f.  William Ophuls (see note 5) also invokes Burke's views: "... steady-state 
values bear a particularly uncanny resemblance to the ideas of British conservative thinker 
Edmund Burke, the last great spokesman for the pre-modern point of view.  For instance, 
the major tenet of both ecological philosophy and Burke is trusteeship or, better yet, 
stewardship."   (Ophuls, Ibid., 233) 
     A relatively obscure but heartfelt declaration of concern for future generations is that 
of standard economist A.C. Pigou, the successor to Alfred Marshall at Cambridge 
University.  In his "Economics of Welfare" (1920), he said the following: 
     "A number of other large undertakings, such as works of afforestation or water supply, 
the return to which is distant, are similarly handicapped by the slackness of desire towards 
distant satisfactions.  This same slackness of desire towards the future is also responsible 
for a tendency to wasteful exploitation of Nature's gifts.  Sometimes people will win what 
they require by methods that destroy, as against the future, much more than they 
themselves obtain.  Over-hasty exploitation of the best coal seams by methods that cover 
up and render unworkable forever worse, but still valuable, seams; fishing operations so 
conducted as to disregard breeding seasons, thus threatening certain species of fish with 
extinction; farming operations so conducted as to exhaust the fertility of the soil, are all 
instances in point. 
     "There is also waste, in the sense of injury to the sum total of economic satisfaction, 
when one generation, though not destroying more actual stuff than it itself obtains, uses 
up for trivial purposes a natural production which is abundant now but which is likely to 
become scarce and not available, even for very important purposes, to future generations.  
This sort of waste is illustrated when enormous quantities of coal are employed in high-
speed vessels in order to shorten in a small degree the time of a journey that is already 
short.  We cut an hour off the time of our passage to New York at the cost of preventing, 
perhaps, one of our descendants from making the passage at all."  (p. 27f) 

8 As many environmental thinkers have noted, such political processes should ideally give 
each human being on the planet, possibly after a suitable transition period, equal rights to 
the earth's resources.  If this standard is applied, regional budgets can be determined 
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objectively by sharing the global budget based on relative population.  Thus, a region with 
2.5% of the world's population would have rights to 2.5% of its resources. 

9 Quoted in Donella Meadows, et al., Limits to Growth: The 30-Year Update (White River 
Junction: Chelsea Green, 2004), 54.  Daly identifies soil as a renewable resource, which I 
find surprising.  The following comment appears to me more accurate: "Although soils 
are created over time this process is, on a human timescale, so slow that soil is in effect a 
nonrenewable resource."  (Clive Ponting, A Green History of the World: The Environment and 
the Collapse of Great Civilizations (New York: Penguin Books, 1991), 15.) 

10 Quoted in Meadows, et al., Ibid., 86. 

11 WWF, Living Planet Report 2006, 6 and 8. 

12 "China’s Not Alone in Environmental Crisis", Joshua Muldavin, Boston Globe, 
December 19, 2007.  Exporting misery to China is not just an environmental issue, but 
applies to worker health as well.  Some Chinese workers are forced to work 360 days a 
years, for up to 14 hours per day.  Approximately 50,000 fingers are sliced off in China’s 
factories every month.  Chinese workers have protested vigorously, but “... they bumped 
into a huge obstacle. Groups representing Western corporations with factories in China 
sent armies of lobbyists to Beijing to cajole and threaten the dictatorship into abandoning 
these new workers’ protections.  The American Chamber of Commerce - representing 
Microsoft, Nike, Ford, Dell and others - listed 42 pages of objections. The laws were 
‘unaffordable’ and ‘dangerous’, they declared. The European Chamber of Commerce 
backed them up.”  (“We Shop Until Chinese Workers Drop”, The Independent, May 3, 
2007.) 

13 "The great coal hole", David Strahan, New Scientist, Jan. 19, 2008, p. 38.  Strahan is a 
useful source of information on peak oil and energy issues.  See his book, The Last Oil 
Shock: A Survival Guide to the Imminent Extinction of Petroleum Man (London: John Murray, 
2007).  I was particularly impressed by Chapter 5: "Last Oil Shock, First Principles", 
which convincingly demonstrates that standard economics, in part because of Robert 
Solow’s superficial growth model, has massively underestimated the significance of energy 
for capitalist growth. 

14 Richard Heinberg, The Oil Depletion Protocol: A Plan to Avert Oil Wars, Terrorism and 
Economic Collapse (Gabriola Island: New Society Publishers, 2006). 

15 Ibid., 155.  The full protocol is included as an appendix to Heinberg's book.  It can also 
be found on the web by searching on "oil depletion protocol".  Note that the term 
"consumption" is used in ENL only in the context of final outputs.  In standard 
economics, however, the term is used for both end-user consumption and "productive 
consumption".  The latter meaning is employed in the protocol statement. 

16 Heinberg, ibid., 78.  This is Colin Campbell's estimate. 

17 Richard Heinberg, The Party's Over: Oil, War and the Fate of Industrial Societies (Gabriola 
Island: New Society Publishers, 2005), 4. 

18 Things are changing rapidly in Cuba.  Shortly after my wife and I returned from the 
country in April, 2008, Raoul Castro (who replaced Fidel Castro as Cuba's president in 
February, 2008) announced a spate of changes, including the right of Cubans to stay at 
hotels formerly reserved for tourists and to own computers, DVD players, cell phones, 
and other consumer items.  Legislation was also introduced to allow more private 
ownership of farms, unlimited incomes, and even travel abroad.  The latter was utterly 
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inconceivable to Onelio, our excellent Cuban tour guide.  (Update: My wife visited Cuba 
again in May, 2011, this time with our daughter, and reports significant changes from 
three years ago.  Numerous shops and other small enterprises have opened up in the 
country, some foreign travel is permitted, and computer ownership is spreading rapidly.  
However, most Cubans are still not permitted on boats lest they escape, and Internet 
access remains slow and expensive.) 
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Chapter 6 
Population 

 

 

 

Chapter four addressed the maximization of gains without considering the 

environment or allowing the population level to vary.  Chapter five took 

environmental limits into account, but the assumption of a fixed 

population was retained.  This assumption is now dropped in order to 

examine the effects of population changes on the achievement of 

sustainable well-being. 

The treatment of population in this chapter must be distinguished 

from that in chapter nine.   At this point population is a topic in ENL 

theory.  What must be established is its rational level - that is, a society's 

target population.  In chapter nine, population is addressed again, but this 

time as a key factor in humankind's overshoot condition.  What is 

discussed there is the contribution that a population reduction can make in 

reversing overshoot.  Stated differently, the present chapter sees 

population as an opportunity to sustainably increase health through the 

future application of ENL logic, whereas chapter nine sees population as 

an ecological threat arising from today's application of capitalist logic.  
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Please keep this important point in mind as you examine my treatment 

below. 

Before delving into the details I would like to clarify ENL's overall 

perspective on population.  The main point here is that ENL does not seek 

to maximize aggregate health, but rather the lived experience of individual 

health. 

 

ARE MORE PEOPLE BETTER? 
From the purely economic perspective, are more people better than fewer 

people?  Imagine a society with a population of 5 million, who achieve an 

average ING (individual net gains) of 50 health units per day.  Over time, 

the population doubles to 10 million people.  Economic conditions remain 

the same, so the average ING stays at 50 units per day.  However, the 

social health aggregate has doubled from 250 million to 500 million units 

per day.  Is this more populous society in some sense better off than the 

original one? 

According to many economic thinkers through history, the answer is 

an emphatic "yes".  Economic historian Joseph Schumpeter points out that, 

"With rare exceptions [economists] were enthusiastic about 

'populousness' and rapid increase in numbers.  In fact, until the 

middle of the 18th century, they were as nearly unanimous in this 

'populationist' attitude as they have ever been in anything.  A 

numerous and increasing population was the most important 

symptom of wealth; it was the chief cause of wealth; it was wealth 

itself - the greatest asset for any nation to have."1 

This longstanding attitude ignores both the ecological dangers of 

excessive population levels and the concrete facts of people's lives, 

especially the poor.  For the most part, people experience their individual 

states, not social aggregates.  People who are going hungry will hardly 

rejoice that the aggregate health of their society has increased because its 

population has multiplied.  What matters to them is whether they and 

their families have enough to eat and a decent place to live.  From the 

perspective of lived experience, population - or any other aggregate - is an 

abstract and largely meaningless notion.  Although other factors were 

undoubtedly at play, a major driving force for higher populations over the 

past several centuries has been the economic logic of capitalism.  The 

system requires a growing number of people both as workers and as 

consumers to maintain profits at an acceptable level.2  Much of the 

enthusiasm for expanding populations among conventional thinkers 

clearly derives from this fact. 
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Based on these considerations, ENL's goal of sustainable well-being 

does not refer to the maximization of aggregate health, but of average 

individual health.  To achieve this end it is frequently necessary to deal 

with social aggregates, but these aggregates themselves are not the goal.  

Thus, a higher population that achieves nothing more than an increase in 

total health does not constitute economic progress.  Progress is achieved 

only when average ING rises in a sustainable manner.  In other words, 

ENL does not recognize population increase as an end in itself, but rather 

as a means to the end of maximum individual health for all members of a 

society. 

Let me now proceed to the determination of a society's target 

population.  The procedure is similar to that used for a single output or a 

society's total outputs: find the optimum level and the ecological limit, and 

choose the lower of the two.  I begin with a population's optimum level. 

 

OPTIMUM POPULATION LEVEL 
Try this thought experiment: You and few dozen fellow adventurers have 

decided to establish a new society on an unpopulated island.  The island is 

large, and environmental limits are not an immediate concern.  If your 

only objective is to maximize the average ING of this society's members, at 

what point will you stop the growth of its population?  That is, what 

would you consider to be the optimum population for your island? 

Although a rigorous definition of "optimal population" is difficult to 

formulate, it is reasonable to state that a population is too low if a society 

does not have sufficient opportunities for cooperation, specialization, and 

exchange to permit average ING to reach its maximum attainable level.  

Conversely, population is too high if these opportunities have been largely 

exhausted and the increases in crowding and stress cause average ING to 

decline. 

Many standard economists have adopted a similar perspective.  The 

following explanation by Robert Solow, the 1987 Nobel Prize3 winner in 

economics, is typical: 

"We all know the bad consequences of too large a population: 

crowding, congestion, excessive pollution, the disappearance of open 

space - that is why the curve of average well-being eventually turns 

down at large population sizes.  Why does the curve ever climb to a 

peak in the first place?  The generic reason is what economists call 

economies of scale, because it takes a population of a certain size and 

density to support an efficient chemical industry, or publishing 

industry, or symphony orchestra, or engineering university, or 



160  /  THE ECONOMICS OF NEEDS AND LIMITS 

airline, or computer hardware and software industry ... But after all, it 

only takes a population of a certain size or density to get the benefit of 

these economies of scale."4 

ENL calls such factors scale effects, and defines the optimum 

population as the level where the health advantages associated with an 

increased population have been exhausted and where average ING has 

reached its peak before stabilizing and eventually declining.  In ENL 

terms, scale effects arise because they improve economic conditions.  In 

other words, a rising population can, through specialization and exchange, 

lead to higher potential value and effectual value, and to lower input costs.  

The value and cost curves in this situation will therefore shift outward, as 

in figure 4-8.  These outward shifts, insofar as they reflect an increase in 

per capita gains, constitute a rising average ING. 

But this is clearly not the entire story.  As a standard thinker attuned 

to capitalist realities, Solow assumes that a society must be technologically 

sophisticated, and will therefore require a chemical industry and an 

engineering university.  ENL, on the other hand, subscribes to 

technological neutrality.  In this context the choice of technological 

complexity is not automatic, but must be made consciously by a society's 

members.  In the island example, people must first determine what kind of 

society they are trying to form.  Do they want one that is simple and close 

to nature, or one that is complex and less attuned to the natural world?  If 

the group decides that technological complexity should be low, then a 

relatively low population will provide adequate opportunities for 

cooperation, specialization, and so forth.   If it decides that technological 

complexity should be high, then a relatively high population will be 

required for these purposes.  Figure 6-1 shows the difference. 
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This graph is somewhat different from previous graphs.  The 

horizontal axis is the population level and the vertical axis is a society's 

average ING, which is measured in total rather than marginal units.  We 

are thus tracking changes in average ING as population increases. 

The rate at which the curve rises depends on the society's chosen level 

of technological complexity.  A technologically simple society will quickly 

reach its optimum population level because relatively few people are 

required to develop and operate such an economy.  The curve will 

therefore rise steeply before stabilizing.  A complex society will reach its 

optimum population level more slowly because of population scale 

factors, and the curve will therefore rise more gradually to its optimum 

point. 

A critical point is this: aside from the increase in average ING, there is no 

reason within ENL's analytical scope for a population level to rise.  There can of 

course be compelling political, military, or other reasons to do so, but these 

are not economic factors as understood within the framework and cannot 

be considered here.  From the perspective of ENL logic, which seeks to 

maximize individual well-being, a population should never exceed its 

optimum level. 

This point underscores the last option mentioned in chapter five to 

achieve long-term decreases in natural flow rates.  Recall that three major 

options were listed: higher ecological efficiencies, economic re-

organization, and lower consumption of wants.  An additional suggestion 

was to shift society to a lower level of technological complexity, and it can 

now be seen why this change is so compelling.  Lower technological 
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complexity will not only reduce flow rates for the existing population, it 

will lower the optimum population itself, thereby encouraging the shift to 

a smaller and less resource-hungry society.  This choice thus offers a 

double benefit for long-term resource conservation and the overall 

preservation of the environment. 

 

ECOLOGICAL LIMIT FOR POPULATION 
A society's population is supported by its economy, and a population's 

ecological limit is therefore tied to the economy's ecological limit.  For this 

reason, a population cannot expand beyond the point where the economy 

exhausts its lowest environmental budget.  This statement can be clarified 

with the help of figure 6-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this graph the independent variable is again the population level on 

the horizontal axis.  However, the vertical axis represents not ING, but the 

economy's total outputs per unit of time.  Moving up and down this axis 

thus represents changes in the economy's scale.  For simplicity, the model 

assumes that there is no trade, which means that all outputs are locally 

consumed. 

The sloping line depicts the average per capita rate of consumption.  It 

is assumed that ENL's principles have been applied, and that this 

consumption represents target output quantities that have been equitably 

distributed.  Further, ecological efficiencies have been maximized, and the 

economy's ecological limit is therefore as high as can be currently 

Figure 6-2: A population's ecological limit.  For a given average per capita 

rate of consumption (Q/P), the economy's ecological limit determines the 

population's ecological limit.   
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achieved.  As the slope of this line increases (rotates up), the economy's 

scale increases for a given population level, and average consumption 

therefore goes up.  As the slope decreases (rotates down), the scale 

decreases and the average goes down.  The line thus relates a specific 

population level such as P1 to a specific economic scale such as S1. 

As population increases from P1 the economy's scale increases from S1.  

When the scale reaches its ecological limit, the population has reached its 

ecological limit.  Any further increases in population would be 

impermissible by ENL principles because the economy would contribute 

to global overshoot.  Note that a higher consumption rate, and thus a 

steeper slope, would cause this ecological limit to be reached more 

quickly.  Thus, the higher the consumption rate, the lower the sustainable 

population, and vice versa. 

I should point out that this model addresses all three of the factors 

underlying overshoot: population, per-capita consumption, and ecological 

efficiencies.  It could therefore be used as the basis of ENL's overshoot 

model.  However, per-capita consumption is represented here by the slope 

of a line, which is difficult for most people to intuitively grasp.  I have 

therefore chosen a different model to deal with the overshoot issue - one 

that more clearly represents the three critical overshoot factors.  The 

overshoot model is presented in chapter nine. 

 

TARGET POPULATION LEVEL 
As noted, the method for determining the target population level is similar 

to that used for target output quantities.  A population’s target level is 

thus the lower of the two population constraints discussed above: the 

optimum level and the ecological limit.  If the optimum level is reached 

first, average ING has been maximized, and it makes no sense to increase 

population further.  Remember that ENL sees increased population as a 

means rather than an end.  Thus, once the end of maximum health has 

been achieved, further population increases would be irrational.  

Conversely, if the ecological limit is reached first, further increases would 

be unsustainable, thereby violating ENL's ethical posture regarding future 

humankind.  Figure 6-3 depicts the first case, where the target population 

is the optimum level. 
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This is the ideal situation: ecological efficiencies are sufficiently high 

so that the population's ecological limit is above its optimum level.  The 

population level can therefore rise to the maximum achievable average 

ING without endangering the environment.  Figure 6-4 shows the second, 

less desirable, case, where the target population is the ecological limit.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Let me conclude this brief chapter by mentioning wants.  If the current 

population is below its ecological limit, a society can legitimately consider 

sanctioning certain wants.  If the ecological limit has been reached, and 

more want satisfaction is desired, there are two possibilities.  The first is 

the familiar option of increasing ecological efficiencies, thereby shifting the 

ecological limit further to the right.  The second is to decrease population, 
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on the assumption that the current level is above the optimum.  As with 

increased efficiencies, this creates ecological space that allows more wants 

to be sanctioned.  Thus, the population level can in some cases be seen as a 

trade-off with wants: if one increases, the other must decrease, and vice 

versa. 

 

 

                                                 

Notes 
1 Joseph Schumpeter, History of Economic Analysis (New York: Oxford University Press, 
1954), 251. 

2 Marxian economics is the only framework that addresses such systemic issues.  In its 
terms, more workers are constantly required to generate adequate surplus-value in the face 
of rising productivity.  At the consumption end of the economy, more consumers are 
constantly required to convert commodities into expanded capital.  Marx discusses these 
issues in the third volume of Capital.          

3 Strictly speaking, there is no Nobel Prize for economics.  Since 1901 the Nobel Prize has 
been awarded in physics, chemistry, physiology or medicine, literature, and for peace. In 
1968 a Swedish bank established the Sveriges Riksbank Prize in Economic Sciences in 
Memory of Alfred Nobel.  This is now referred to informally as the Nobel Prize in 
economics. 

4 Robert W. Solow, "Is the End of the World at Hand?" (1973) in Great Debates in 
Economics, Volume 1: History, Development, and Growth (Pacific Palisades: Goodyear 
Publishing), 177.  Emphasis in the original. 
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Chapter 7 
Labor Productivity 

 

 

 

Although labor productivity is logically part of production, which was 

discussed in chapter three, I have deferred its presentation to this point 

because it is a specialized area, requiring fairly extensive treatment.  Now 

that ENL's core components have been covered, this topic must be 

addressed.  In doing so, however, we must be careful to recall our earlier 

restrictions: the environment is ignored, and the population level is 

assumed to be constant.  The reader should also recall that the sphere of 

production cannot assume responsibility for consumption.  For this 

reason, the present chapter addresses potential value exclusively, thus 

ignoring effectual value. 

Labor productivity is significant for several reasons. A change in labor 

productivity can alter working conditions, thereby modifying labor cost.  

It also has a strong bearing on the division of labor, it can increase output 

quantities, and it is closely associated with a society’s choice of 

technological complexity.  As well, labor productivity is significant 

because of its ideological role.  Standard economics repeatedly goes 
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beyond its proper sphere of functional analysis by encouraging a society to 

increase its labor productivity.  Because such prodding is often persuasive, 

it can strongly influence public attitudes, even after a contractionary 

revolution.  ENL must therefore distinguish between situations where 

health actually is improved by rising labor productivity, and situations 

where this is not the case.  As we will see, ENL treats labor productivity as 

a delicate optimization challenge, not as the crude maximization 

supported by standard thinkers. 

Although several factors have been cited in the economics literature to 

account for higher labor productivity, the most straightforward and 

generally accepted explanation is technological change.  In ENL, this is 

assumed to be the sole factor underlying labor productivity changes.   

 

DEFINITION 
ENL uses the conventional definition of labor productivity: the quantity of 

an intermediate or final output produced per unit of labor time expended 

in its production.  It is therefore calculated by dividing output quantity by 

time, where the latter is generally expressed in hours: 

LP = Q/t  

For example, if it takes 100 hours to produce 200,000 loaves of bread, 

labor productivity for this final output is 2,000 loaves per hour.  Because 

the definition makes no reference to potential value, a similar statement 

can be made for an intermediate output such as transport trucks: if it takes 

10,000 hours to produce two trucks, labor productivity is one truck per 

5,000 hours.  In what follows I deal with final outputs first because these 

are assessed on the basis of both potential value and cost.  I then consider 

intermediate outputs, which must be assessed on the basis of cost alone.  

For brevity, I will in most cases shorten “labor productivity” to 

“productivity” for the remainder of this chapter. 

 

TECHNOLOGICAL INTENSITY 
As you know, technological neutrality refers to ENL’s stance that an 

economy's level of technological complexity is a social choice, and is 

therefore irrelevant for judging economic performance or progress.  

However, in this chapter we are concerned with specific labor processes, 

and in this narrower context the term “technological intensity” is used 

instead.   This refers to the degree to which machines, and technology 

generally, substitute for autonomous human action in a production task.  

A distinct term is needed here because the technology used in a labor 
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process frequently curtails human autonomy, which can significantly 

impact the worker's health.  Technological intensity is thus treated as a 

contributor to input cost, similar to the toxins and stressful noise (or clean 

surroundings and peaceful quiet) that may be present in a work 

environment. 

An important aspect of technological intensity is that its increase can 

initially relieve painful drudgery.  For tasks that are physically arduous, 

machines can reduce both the toil and the dangers that are frequently 

associated with hard labor, thereby decreasing labor cost.  At one point in 

my life I worked as a construction laborer, and I can attest that a 

wheelbarrow greatly reduces the toil associated with moving soil and 

sand.  A backhoe will reduce this toil by at least another order of 

magnitude.  The trickier issue is to determine what happens to the 

worker's health after drudgery has been largely eliminated and the 

worker’s skills and personal involvement are eroded by the continuing 

increase in technological intensity. 

It has long been evident, at least informally, that workers are seriously 

impacted by the skill levels required for labor tasks.  French economist 

Jean-Baptiste Say was aware in 1803 that workers are degraded when the 

division of labor forces them to focus too narrowly on one simple task: 

"A man, whose whole life is devoted to the execution of a single 

operation, will most assuredly acquire the faculty of executing it 

better and quicker than others; but he will, at the same time, be 

rendered less fit for every other occupation, corporeal or intellectual; 

his other faculties will be gradually blunted or extinguished; and the 

man, as an individual, will degenerate in consequence."1 

What is exceptional about Say’s understanding is it went beyond the 

physical realm to include intellectual labor.  He added: "... men, whose 

professional duties call into play the finest faculties of the mind, are 

subject to similar degradation."2 

In the 1950s the relationship between automation and skill level was 

rigorously examined by James R. Bright of the Harvard Business School.  

Bright’s study is extensively cited by Harry Braverman in his book, Labor 

and Monopoly Capital.3  Bright's aim was to assist management in choosing 

workers who were best suited to the machines then being deployed.  

Based on empirical studies, he found that skill requirements increased 

sharply during the initial phase of automation, but soon peaked and then 

declined rapidly.  The explanation he provided is that machines at first 

amplify human capabilities and give greater scope to creativity and 

imagination.  Beyond a threshold level, however, they usurp human 

dexterity, mental involvement, and control, eventually turning workers 



170  /  THE ECONOMICS OF NEEDS AND LIMITS 

into their appendages.  See figure 7-1, which replicates a figure from 

Bright’s study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The numbers on the horizontal axis are from Bright’s work and are 

called mechanization levels.  Levels 1-4 relate to hand control, 5-8 relate to 

mechanical control, and 9-17 relate to various degrees of sophisticated 

automated control.  For the lower degrees of automation, Braverman 

describes the effects on workers as follows: 

"On mechanization levels 1 to 4 Bright concludes that since control is 

entirely up to the worker, skill is increasing ... .  On levels 5 to 8, 

where control is mechanical but still dependent on the worker, some 

skills are increasing but a number have turned downward, resulting 

... in an overall decrease in total skill required."4 

For the higher levels of automation, Braverman lets Bright speak for 

himself: 

"When [levels 11-17] are reached, we find that the worker contributes 

little or no physical or mental effort to the production activity. Most 

of the functions are mechanized.  The inspecting devices feed 

corrective information into the machine and thus relieve the operator 

of mental effort, decision-making, judgment, and even the need to 

adjust the machine. ... The ‘operator’, if he is still there, becomes a sort 

of watchman, a monitor, a helper.  We might think of him as a liaison 

man between machine and operating management.”5 

Figure 7-1: Skill 

vs. automation.  

As the degree of 

automation 

increases, the 

required skill 

level first rises 

and then 

declines.  Lower 

skill levels imply 

a loss of control 

over the 

production 

process, which 

often results in 

reduced health. 
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The extent to which this relationship between automation and skills 

holds will depend on concrete circumstances, but it is incorporated into 

ENL as a broad reflection of industrial reality. 

According to studies cited by biologist Robert Sapolsky, the less 

control a worker has during the labor process, the greater the health risk 

he or she faces: "Numbing assembly-line work and an occupational 

lifetime spent taking orders erode workers' sense of control. ... the less 

autonomy one has at work, the worse one's cardiovascular health.”6  There 

are also links between boredom and decreased worker health.  Boredom 

likely plays a role in depression, which is a risk factor in heart disease.  It is 

also conducive to anger suppression, which can raise blood pressure and 

decrease the body's natural immunity.  As well, bored people tend to eat 

and drink more, and to focus their appetites on unhealthy products.7  The 

general conclusion is this: If required skill levels are high, worker health 

will likely be high as well.  As skill levels decline with increased worker 

specialization and machine sophistication, worker health will tend to 

decline correspondingly.  The combination of these “automation effects” 

and the “drudgery effect” mentioned earlier constitutes the overall effect 

of increasing technological intensity on workers.  In general, this will cause 

labor cost to initially decrease, then flatten out, and eventually rise.  See 

figure 7-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this graph, labor cost is expressed in total (not marginal) health 

units.  The curve therefore traces the actual labor cost as technological 
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Figure 7-2: Labor 

cost vs. 
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intensity.  As 
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intensity increases, 

labor cost first 

declines because 
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overcome.  It 

declines further 

because of the skills 

initially association 

with automation. 

Labor cost then rises 

because automation 

destroys the worker's 

independence.  
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intensity rises.  Note, however, that technological intensity is only one 

factor in labor cost.  The curve should therefore be seen as shifting the 

existing labor cost curve - based on the remaining factors - down and then 

up.  The same kind of effect would be observed if we held all factors 

constant except for workplace toxins.  In that case, an increasing level of 

toxins would cause the labor-cost curve to move up, and a decreasing level 

would cause the curve to move down. 

 

TWO PERSPECTIVES 
Before proceeding I would like to compare the standard perspective on 

labor productivity with that of ENL.  This will serve two purposes: it will 

underscore the need for ENL to take an independent stance on the subject, 

and it will introduce us to the elements that must be taken into account in 

ENL's technical treatment of labor productivity. 

Assume that, for the current labor process in a production facility, one 

unit of labor results in two output units.   The labor process is now 

modified so that productivity rises by 50%.  This means that, under the 

new conditions, one labor unit produces three output units.  For standard 

economics, which reflects the logic of capitalism, this situation would be 

perceived as shown in figure 7-3. 

 

 

 

 

 

 

 

 

 

 

 

 

The first point to note is that standard economics sees labor 

exclusively as a means - that is, as an input to production.  Therefore, the 

effects of the labor process modifications on the workers themselves, 

considered as human beings, are ignored.  This was underscored in 

chapter three, where I distinguished between opportunity cost and input 

cost, noting that only opportunity cost is part of standard thought.  

Second, the human consequences of any additional environmental damage 

that may accompany the new labor process are also ignored.  In the coy 

language of standard economics, they are "externalized".  Third, the 
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criterion used to judge if labor productivity should be increased is whether 

or not this will increase profits.  If it is more profitable to raise output 

quantity by increasing labor quantity instead of labor productivity, then 

additional workers will be hired, or existing workers will work longer or 

more intense hours. 

Now let me turn to the ENL perspective on increased labor 

productivity.  This is summarized in figure 7-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The differences between the two perspectives are significant.  First, 

ENL sees labor as both a means and an end.  As a means it is an input to 

production, as in standard economics.  As an end, however, labor is also a 

worker - that is, a human being.  We must therefore determine how the 

modified labor process will affect this person's health.  In ENL this is done 

through the concept of labor cost, which includes the effects of increased 

technological intensity. Second, the public health consequences of any 

incremental environmental damage are fully considered through natural 

cost rather than treated as externalities.  And third, the criterion for 

deciding if labor productivity should be increased is not profit, but rather 

the overall health consequences, taking into account the potential value 

from increase production, plus labor cost and natural cost. 

A brief digression: It should be obvious from the above comparison, if 

it is not obvious already, that ENL treats human beings with far more 

respect than does standard economics.  However, as with almost 

everything of consequence in the social world, historical context must be 

considered.  Capitalism's historical role has been to rapidly increase 

production.  This was achieved in part by ruthlessly simplifying the 

Figure 7-4: Increased 

labor productivity: 

ENL.  As before, a rise 

in productivity will 

result in higher output 

quantity per unit of 

labor.  From the ENL 

perspective, this 

change should take 

place only if it can 

increase overall health 

from potential value 

(PV), labor cost, and 

natural cost. 
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rationality applied to economic processes, thereby allowing - as John 

Maynard Keynes once said - even the "semi-criminal, semi-pathological 

propensities"8 of human nature to participate in the expansionary orgy.  

The perspective shown in figure 7-3 reflects this simple, brutal logic.  A 

more nuanced rationality, such as that offered by ENL, is required at this 

stage of history not only because the capitalist approach has become 

ecologically untenable, but also to correct the massive global injustices that 

these propensities have over time engendered.  What is primarily subject 

to criticism is not the advent of capitalist logic several centuries ago, but 

the failure to replace this logic once its destructive human and natural 

consequences became apparent.  Let me now proceed to ENL's technical 

treatment of labor productivity. 

 

ECONOMIC EFFECTS 
An increase in productivity potentially has two direct economic effects, 

based on its definition: an increase in output quantity and a decrease in 

labor time.  However, the technological changes that underlie productivity 

changes also have two indirect effects: higher technological intensity and 

changes in natural cost.  Several of these effects will have further 

consequences.  Changes in labor time and technological intensity will 

modify labor cost.  These labor cost changes, in conjunction with any 

natural cost changes, will modify input cost.  All of these direct and 

indirect effects, plus their consequences for input cost, are depicted in 

figure 7-5. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-5: Economic effects of rising labor productivity.  The four effects are higher 

output quantity, lower labor time, higher technological intensity, and higher or lower 

natural cost.  The last three effects will modify input cost.   
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In this figure an arrow is placed beside a factor if its response to an 

increase in productivity is known.  Where this is unknown, the arrow is 

absent.  At the top of the figure are the two direct effects of rising 

productivity: increased output quantity and decreased labor time.   The 

output’s potential value is assumed to be positive, so increased quantity 

results in higher potential value (not shown).  Decreased labor time could 

refer to either fewer workers or a shorter work-day.  However, in chapter 

three it was pointed out that, for a constant output quantity, the number of 

workers should be maximized in order to minimize overall labor cost.  It is 

therefore assumed that the number of workers has been maximized, and 

that a decrease in labor time refers to a shorter work-day. 

Whether higher productivity results in greater quantity, a shorter 

work-day, or some combination of the two is a social choice, based on the 

economic considerations identified below and any relevant non-economic 

considerations.  Because standard thought applies capitalism's 

productivist logic to this question, it generally seeks to increase quantity in 

order to raise a society’s “standard of living”.   From ENL’s perspective, of 

course, increased quantity does not necessarily result in greater well-

being.  For a rational economy, a shorter work-day will in many cases be a 

superior alternative to more outputs.  An excellent example of such a 

choice is provided by Clive Ponting in A Green History of the World: 

"Earlier this century [i.e., the 20th] the Siane tribe in New Guinea 

adopted modern steel axes instead of their traditional stone tools.  

This reduced the amount of time needed to provide an adequate level 

of subsistence by about a third.  The new spare time was not spent in 

increasing output but was devoted to ceremonies, leisure, and 

warfare."9 

Returning to figure 7-5, the first indirect effect of higher productivity 

is increased technological intensity.  Combined with a shorter work-day, 

this modifies labor cost, which in turn modifies input cost.  These 

modifications were discussed above. 

The second indirect effect is either an increase or a decrease in natural 

cost.  For example, a new technology for extracting bitumen from the 

Alberta tar sands may inject toxins into the Athabasca River, thereby 

endangering the health of native people living downstream.  This is an 

increase in natural cost.  On the other hand, improved technology could 

reduce the greenhouse gases being emitted from the tar sands sites, thus 

reducing natural cost.  Any such changes are added to the changes in labor 

cost to further modify input cost. 

As shown by the absence of an arrow in the figure, the overall effect of 

these factors on input cost is indeterminate - that is, it depends on concrete 
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conditions.  A tentative conclusion can nevertheless be drawn about the 

historical trajectory of input cost, and thus the behavior of the input cost 

curve over time.  Increased technological intensity will likely cause labor 

cost to first decrease and then to increase.  Further, if a long work-day 

becomes shorter, labor cost will almost certainly decline, thus accentuating 

the down-then-up behavior of the labor cost curve.  The trend for labor 

cost over time is therefore relatively clear.  The impact of increased 

productivity on natural cost depends on the technological changes made, 

so we must be careful about drawing specific conclusions.  However, a 

historical trajectory is again evident.  Over the long term, technological 

changes have been accompanied by an increase in resource extraction and 

waste expulsion.  It is also clear that levels of toxins and other pollutants in 

the environment have risen sharply over time.  Therefore, a reasonable 

generalization is that natural cost tends to rise with productivity. 

Combining the trends for labor cost and natural cost, we can 

provisionally state that, as productivity rises over time, the input cost 

curve first moves slowly down, reaches a minimum, and then moves 

rapidly up.  This behavioral pattern is assumed below, but it can easily be 

modified if the analyst determines that the assumptions made do not 

apply in specific circumstances. 

 

OPTIMIZING PRODUCTIVITY 
In order to understand what happens to health when productivity rises 

over time, it is useful to compare a final output at two stages of 

productivity: an extremely low level and the optimum level.  For 

concreteness, we can imagine a physically onerous task such as digging 

coal from a seam.  This situation is depicted in figure 7-6. 
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Under the initial conditions cited, workers are digging for coal with 

nothing more than shovels, or possibly even their bare hands.  Drudgery is 

therefore intense, injuries and deaths are frequent, and the input cost 

curve is extremely high.  In the figure I assume that input cost exceeds 

potential value even at low quantities, and that potential gains are 

therefore zero.  Because effectual value cannot exceed potential value, coal 

is an irrational output in this situation, and the optimum output quantity 

is therefore zero.  With enough time, sweat, injuries, and deaths the 

workers might be able to extract sufficient coal from a seam to warm their 

houses.  However, the health lost in obtaining this coal would be higher 

than the maximum health that could be gained from burning it.  An 

important general conclusion is that, until technical developments have 

reached the point where productivity allows input cost to drop below 

potential value when production begins, such production is irrational.  In 

the situation depicted, the village should obtain its warmth from wood 

and other fuels that can be obtained at lower input cost than coal. 

A fundamental issue facing people in this situation relates to the social 

choice of technological complexity.  If this village decides that it must 

replace wood with coal, then it is compelled to accept a level of 

technological complexity that will deliver the required productivity.  It 

might make this choice, for example, if its population is rising and the 

surrounding forests are being destroyed.  However, people may decide 

that they are content with the current level of complexity.  In this case, 

they would reject the increase in productivity and the use of coal.  Instead 

Figure 7-6: Productivity is too low for production.  Productivity is so low 

that input cost exceeds potential value at all quantities.  As productivity 

rises over the years, the entire input cost curve will shift slowly down, and 

then rapidly up.  Concurrently, rising productivity will cause the rational 

output quantity to increase from zero. 
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they would seek to lower their population and to reduce their waste when 

burning wood, thus increasing their ecological efficiency for this activity.   

Under favorable conditions, these measures would permit the society to 

continue indefinitely with its technologically simple mode of life.    

For the sake of this discussion, let’s assume that higher technological 

complexity has been socially accepted, and that increased productivity is 

deemed to be desirable.  As noted, rising productivity will generally cause 

the input cost curve to first move down and then move up.  It will also 

cause output quantity to rise.  The indicated strategy is therefore to 

increase productivity until input cost has been minimized and the output 

has reached its optimum quantity, thus maximizing potential gains.  These 

results are depicted in figure 7-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input cost has dropped from its original level, IC1, to the minimum 

achievable level, IC2.  This means that productivity, taken in isolation, has 

been optimized.  If productivity is lower than this, the input cost curve 

will still be above IC2.  If productivity is higher, the input cost curve will 

have returned to a level above IC2. Because input cost is lower than 

potential value in this situation, potential gains are being achieved, and 

the output is not necessarily irrational, although the final verdict on this 

depends on its effectual value.  If output quantity increases from 0 to Q1, 

these potential gains have been maximized.  Note what would happen if 

productivity rose further.  Not only would the input cost curve move up, 

Figure 7-7: Productivity is at the optimum level.  Rising productivity 

causes the input cost curve to move down and output quantity to increase.  

Productivity is optimized when these two effects have maximized potential 

gains.  
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output quantity would increase beyond its optimum level, thereby 

reducing net potential gains.  Driving productivity too high therefore 

diminishes aggregate health in two discrete ways: through an input cost 

curve that rises above its lowest attainable level, and through a loss-

creating increase in output quantity. 

 From this discussion it is clear that productivity can be too high as 

well as too low.  Excessive productivity is in fact inevitable when an 

economy is guided by capitalist logic, which tends to continuously 

increase productivity for two reasons: to drive output quantity up in order 

to increase profits, and to drive financial costs down so that national firms 

can compete more successfully in global trade.  Even in the capitalist 

world, however, environmental concerns and social pressures will 

occasionally force productivity to move in the opposite direction.  Some 

interesting examples appeared in a Scientific American article that 

discussed the threat of fishery collapses from modern fishing methods.  In 

addressing the problem of bycatch (unwanted species caught in nets), 

which at the time killed hundreds of thousands of dolphins per year in the 

hunt for tuna, the author states, 

"One solution to the bycatch from nets would be to fish for tuna with 

poles and lines, as was practiced commercially in the 1950s.  That 

switch would entail hiring back bigger crews, such as those laid off 

when the fishery first mechanized its operations."10 

The author also cites a law requiring oyster-dredging boats in 

Chesapeake Bay to be powered by sail instead of by motor, and another 

law that forbids the use of nets pulled between two boats ("pair trawls").  

His summary statement is this: 

"Numerous other regulations on sizes and total amount of the catch, 

as well as allocation and allowable equipment, can be viewed as 

acknowledgements of the need to curb efficiency in order to achieve 

wider social and ecological benefits."11 

These steps were taken to reduce the tuna catch and increase the 

number of fishing jobs.  In figure 7-7 the reduced catch would be 

represented by the leftward shift of output quantity, assuming that the 

latter has exceeded its optimum.  What the article misses is that the 

changes may benefit workers by providing them with more skillful and 

possibly less dangerous work.  These benefits would be depicted in the 

figure by the downward shift of the input cost curve. 
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INTERMEDIATE OUTPUTS 
As with final outputs, productivity for intermediate outputs should be 

optimized, but the task is simpler because fewer variables apply.  The 

target quantity for an intermediate output is the minimum quantity 

required for the target quantities of all associated final outputs.  The input 

cost of an intermediate output is part of the life-cycle input cost of the final 

outputs, and this cost must be minimized.  The productivity for an 

intermediate output should therefore rise until the required quantity is 

reached and the input cost of producing this quantity is minimized.   

For example, the output quantity for wheelbarrows depends on the 

output quantities for final outputs (and other intermediate outputs) that 

require soil, sand, and other materials to be moved manually.  

Productivity must be high enough to permit this many wheelbarrows to be 

manufactured given the available labor force.  If this is not possible, and if 

workers cannot be diverted from other tasks to wheelbarrow production, 

then the output quantities for the associated final outputs will have to be 

scaled back.  Assuming that the required number of wheelbarrows can be 

produced, productivity should be increased so as to minimize input cost. 

 

DIVISION OF LABOR 
Division of labor refers to the reduction in the number of economic tasks 

assigned to individual workers - that is, to the increased specialization and 

fragmentation of labor.  Much has been written on this subject, and I don’t 

want to add unduly to the pile.  However, a few words that explain how 

ENL’s concepts apply to this development are in order. 

The division of labor is strongly related to a society’s choice of 

technological complexity.  High technological complexity implies high 

technological intensity, which entails the need for specialized skills and 

knowledge in labor processes.  During the lengthy hunter-gatherer phase 

of human existence labor was divided between men and women, but for 

the most part it was highly integrated.  Much of this integration dissolved 

as humankind moved to farming and civilization, and it dissolved further 

as we moved to increasingly complex modes of civilization. 

Many of the negative effects of subdividing labor are captured 

through ENL’s concepts of labor cost and labor distribution.  Excessive 

specialization will be reflected in reduced skill levels and boredom, thus 

lowering the quality of labor and increasing labor cost.  If a society strives 

for perfect labor distribution, the tendency will be to assign tasks so that 

the joy from specialized expertise is balanced with the need for varied 

work experiences.  The results of the division of labor that have received 
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the most attention from standard economists - increased productivity and 

outputs - are captured in ENL through higher potential value, as well as 

higher quantities of intermediate outputs.   All of these factors are part of 

the productivity model presented in this chapter. 

Probably the most significant aspect of the division of labor is its role 

as an element of social control and increased profits under capitalism.  

Labor fragmentation allows many tasks to be radically deskilled, which 

means that the worker can be culturally degraded and largely negated as a 

revolutionary threat.  This is not speculation on my part.  Listen to chemist 

Andrew Ure, a key capitalist ally during the system’s manufacturing 

period: 

“By the infirmity of human nature, it happens that the more skilful 

the workman, the more self-willed and intractable he is apt to 

become, and of course the less fit a component of a mechanical 

system in which ... he may do great damage to the whole.”12 

Regarding profits, consider that the comment sometimes aimed at the 

American political system - “designed by geniuses so it can be run by 

idiots” - also applies to a capitalist economy.  If the total money paid to a 

few well-compensated “geniuses” and many poorly-compensated “idiots” 

is less than modest compensation for all, the capitalist class will pocket the 

difference.  This is surely a powerful incentive to shape a capitalist 

economy in precisely this manner. 

The assumption underlying ENL, of course, is that the framework will 

replace capitalist logic for the purpose of economic guidance after a 

progressive contractionary revolution.  If this occurs, capitalist motivations 

will no longer apply, and the destructive division of labor that now 

prevails will likely disappear as a consequence. 

 

LUDDISM RECONSIDERED 
Luddism was a 19th-century British working class movement whose 

members occasionally destroyed automated looms and other machines.  

Their grievance was that the machines were replacing workers, thereby 

depriving them of income and laying waste to a traditional and highly 

valued mode of independent life.13  To be called a “Luddite” today means 

that one rejects technological advances, especially for the purpose of 

improving productivity.  Although this usage distorts historical reality, the 

term is used here in this modern sense. 

Karl Marx was careful to distinguish between machines themselves 

and the manner in which they are employed in a capitalist system.  In 
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Capital, after pointing out that the Luddite movement gave conservative 

forces a useful pretext for violent measures against workers, 14 he says, 

“It took both time and experience before the workpeople learnt to 

distinguish between machinery and its employment by capital, and to 

direct their attacks, not against the material instruments of 

production, but against the mode in which they are used.”15 

Harry Braverman, who was cited above with respect to James Bright’s 

study, echoes Marx: 

“... it is not the productive strength of machinery that weakens the 

human race, but the manner in which it is employed in capitalist 

social relations.  It has become fashionable, however, to attribute to 

machinery the powers over humanity which arise from social 

relations.”16  

The Marxists are substantially correct on this point.  Under capitalism 

the purpose of technology is not to advance human well-being, but to 

increase profits.  Marx addressed this crucial point earlier in Capital: 

“John Stuart Mill says in his Principles of Political Economy: ‘It is 

questionable if all the mechanical inventions yet made have lightened 

the day’s toil of any human being.’  That is, however, by no means the 

aim of the capitalistic application of machinery.  Like every other 

increase in the productiveness of labour, machinery is intended to 

cheapen commodities and, by shortening that portion of the working-

day in which the labourer works for himself, to lengthen the other 

portion that he gives, without an equivalent, to the capitalist.  In 

short, it is a means for producing surplus-value.”17 

For Marxists, this restricted use of technology will be transcended 

once capitalists are no longer in charge and workers can relate to each 

other as “freely associated producers”.18   Braverman expresses this vision 

as follows: 

“An automatic system of machinery opens up the possibility of the 

true control over a highly productive factory by a relatively small 

corps of workers, providing those workers attain the level of mastery 

over the machinery offered by engineering knowledge, and providing 

they then share out among themselves the routines of the operation, 

from the most technically advanced to the most routine.”19 

At present, therefore, there are two main viewpoints regarding the 

application of technology to production.  The standard view is that this is 

invariably a good thing, purportedly because it improves a society's 

“standard of living”, but in reality because it increases surplus-value and 
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thus profits for capitalists.  The Marxist view is that it can invariably be a 

good thing, once the capitalist mode of production has been superseded 

and workers have organized the labor process in accordance with their 

interests.  Both viewpoints reject the idea that technology itself might be 

harmful to humankind. 

The ideas presented in this chapter nevertheless indicate that the latter 

may be true: under certain conditions, technology applied to productivity 

can be detrimental to both workers and society at large, irrespective of the 

social relations that govern the labor process.  Once increased labor 

productivity has been fully exploited to increase aggregate health in 

production, further innovations in this area will cause health to decline.  

At this point the machine itself becomes the enemy of humankind, and 

must therefore be “destroyed”.  In this narrow sense, a modern form of 

Luddism would be justified. 

Does this mean that technological change should cease when the 

health-increasing potential of productivity has been fully exhausted?  Not 

at all.  On the assumption that higher technological complexity has been 

socially accepted, technological change can generate a continuous increase 

in ecological efficiencies.  Recall that ecological efficiency is defined as 

output quantity divided by natural flow quantity.   Technological 

innovations can decrease these flow quantities without limit, thereby 

reducing environmental impact continuously for the benefit of present 

humankind, future humankind, and non-human species. The denominator 

in the quantity/flow equation can continue to decrease indefinitely, thus 

providing infinite scope for human inventiveness. 
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Chapter 8 
Trade 

 

 

 

Trade, like labor productivity, is logically part of chapter three (production 

and cost), and its presentation has been deferred because it is a specialized 

area that requires fairly lengthy treatment.  Again, recall the assumptions 

that governed the earlier discussion: the environment is not taken into 

consideration, and the population level is assumed to be fixed. 

As you know, ENL makes no assumption about the geographical 

scope of analysis.  The analyst can treat the whole world as a single 

geographical unit, in which case trade is logically impossible.  

Alternatively, the chosen geographical scope can be a set of countries, an 

individual country, or a defined area that does not take account of national 

boundaries, such as a bioregion.  In these cases, trade can occur between 

the chosen geographical unit and the rest of the world. 

The term "region" refers to any geographical unit below the global 

level.  Trade occurs when an output is produced in one region and 

consumed in another.  The region that is being analyzed is called the local 

region, and all other regions are called remote regions.  When production is 
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local and consumption is remote, this is an export with respect to the local 

region.  When production is remote and consumption is local, this is an 

import with respect to the local region. 

 

UNIQUE ASPECTS OF TRADE 
Trade is a distinct topic within ENL primarily because the separation of 

production and consumption results in the separation of cost and value.  

When both production and consumption are local, or when geographical 

scope is global, cost and value are experienced by the same set of people 

and are therefore commensurable.  With trade, however, cost is 

experienced in one region, while value is experienced in another.  This 

severs the connection between the two and destroys their 

commensurability, thus necessitating several modifications to the 

principles previously enunciated. 

ENL assumes that each region is trying to maximize its own health by 

entering into beneficial trade relationships with other regions, using the 

concepts outlined here.  The local region does not necessarily know about 

the remote region's gains from a trade relationship, and vice versa.  Both 

regions are presumably trying to achieve sustainable well-being and are 

independently making rational trade decisions to this end.  If this 

compartmentalization of interests is repugnant to the analyst, global scope 

should be chosen instead. 

The objection might be raised that, according to ENL's ethical stance, 

everyone on the globe should be treated equally, and that regional scope is 

therefore inappropriate for the framework despite the analyst's 

perceptions.  This objection has merit.  Regional scope is an ethical 

compromise, although one that I feel is currently unavoidable.  ENL's 

principles constitute a huge leap for most economic analysts, and applying 

them on a regional basis is probably an essential first step towards 

applying them globally.  Supporting only global scope at this historical 

stage is akin to saying that the permissible level of CO2 emissions must be 

immediately shared among the world's nations.  This is ethically correct, 

but in practice it is virtually impossible to achieve.  A transitional 

approach is required, and this is what regional scope is intended to 

provide. 
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TRANSPORTATION IS PART OF PRODUCTION 
Transportation, which plays a central role in trade because of its ecological 

impact, is treated by ENL as an element of production, not distribution.  

Distribution is a social act - the assignment of final outputs to the 

individuals who will consume them through markets, charity, etc.  

Transportation is instead a physical act that moves intermediate outputs to 

production facilities and final outputs to the sphere of consumption.  

Distribution cannot begin until these acts are complete.  ENL thus 

considers transportation to be the final stage of the production process.  

This treatment has several implications for value and cost. 

Most importantly, transportation increases the input cost of 

production.  There is currently no way to escape the high natural costs 

associated with the trucks, trains, ships, and planes that move outputs 

between regions and then to their final destinations.  The pollution, 

accidents, and stress-inducing noise associated with all modes of 

transportation are well-known and need no elaboration here.  The input 

cost of exports thus includes the significant natural costs, as well as any 

labor costs, associated with transportation. 

Another effect of transportation relates to the output losses discussed 

in chapter two.  If a cargo ship that is loaded with furniture sinks, or if a 

truck's refrigeration fails and its load of produce is spoiled, the production 

of these final outputs is effectively negated and the output's potential 

gains are reduced.  Such losses decrease production efficiency, as 

explained in chapter three.  If intermediate outputs are lost in 

transportation, the input cost incurred in their production is squandered.  

This will increase the per-unit input cost of the final outputs with which 

they are associated. 

A third possible effect of transportation is to decrease potential value 

rather than negating it outright.  Perishable foods often degrade while 

being stored for transportation, or during transportation itself.  In 

addition, foods are frequently grown, genetically modified, or chemically 

treated in ways that permit them to survive long trips without causing 

either real or visible damage.  This is certainly true for tomatoes, many 

varieties of which have been bred for firmness and transportability rather 

than for flavor and health benefits.  In many cases the nutritional value, 

and hence the potential value, of such outputs declines significantly 

through the transportation process.  To simplify the discussion, this effect 

is ignored below. 
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WHY CONSIDER TRADE? 
What needs to be established first is why a region that follows ENL’s 

principles would consider trading at all.  Why not just produce and 

consume locally?  To gain some perspective on this question, let's see how 

standard economics answers it, and why the rationale it provides is 

inappropriate for the ENL framework. 

The conventional trade story invariably begins with David Ricardo's 

theory of comparative advantage.  Briefly stated, this is the idea that the 

opportunity costs of production differ among regions, and that these 

differences are independent of any absolute advantages (higher labor 

productivities) that various regions may have.  This heterogeneity among 

economies can be exploited by having regions specialize in the outputs 

where their opportunity costs are lowest and then by trading these outputs 

for those where their opportunity costs are high.  The result is increased 

consumption for all. 

The comparative advantage theory has been criticized both on 

technical grounds and because its assumptions fail to adequately reflect 

global realities.  For ENL the crucial point is that it justifies trade through 

higher overall consumption, thus ignoring both health and distribution.  

Ricardo's example of comparative advantage involved the trade of English 

cloth for Portuguese wine.  Economic historian E.K. Hunt points out the 

ideological bias that is inherent in this approach: 

"Ricardo could have suggested ... that the importation of wine be 

prohibited until every worker had adequate clothing.  Some would 

certainly argue that this would increase social welfare more than 

importing more wine for the capitalists and the landlords.  But he did 

not do so, instead insisting that free trade should maximize the 'sum 

of enjoyments'."1 

In this passage Hunt reflects the ENL perspective with remarkable 

fidelity.  In brief, even if we assume that the comparative trade idea is 

technically accurate, increased overall consumption does not provide a 

valid rationale for trade within ENL. 

Another possible reason for trade is that it increases consumption 

variety.  If apples can be grown within a region, but papayas cannot, 

importing the latter might provide welcome relief from the limited local 

produce.   This trade rationale has possible validity within ENL, for two 

reasons.  First, greater variety may improve health.  If this is the case, it is 

embraced by the explanation that follows.  Second, variety may be 

justified on the basis of sanctioned wants.  This would require that 

ecological space is available for producing the required exports, but if this 

requirement is met, such trade could be given the green light.  Although 
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this second possibility is acknowledged as potentially valid, it is ignored in 

the discussion of basic principles below.  Let me now address the core 

reason why trade can be rational in an ENL-based economy. 

 

THE RESULTS OF TRADE 
An isolated region is usually called a closed economy, and by avoiding 

trade it is practicing what standard economics calls autarky.  Given the 

inputs available to it, such an economy can produce a specific range of 

final outputs, incurring specific local input costs.  This is shown in highly 

simplified form in figure 8-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This closed economy is capable of producing apples and strawberries 

with its available inputs.  For apples, the input cost of production is 70 

health units, while for strawberries it is 90 health units.  The effectual 

values for the two outputs are not shown because they have no bearing on 

the initial part of this discussion.  When we open this economy up by 

permitting trade, two major changes are possible, as shown in figure 8-2. 

 

 

Figure 8-1:  A closed 

economy.  This is the initial 

situation, prior to the 

consideration of trade.  

Apples and strawberries are 

produced locally at the input 

costs shown. 

Apples  Strawberries 

Input Cost 
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Input Cost 
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INPUTS 
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The obvious change here is that imported pineapples have been added 

to list of outputs.  Another but less obvious change is that the input cost of 

strawberries has decreased from 90 units to 60 units.  This example points 

to the two important differences that trade can make to a closed economy: 

it can expand the range of its final outputs, and it can reduce the input cost 

of existing (locally-produced) final outputs.  Let me explain these effects. 

There are two reasons why trade can expand the output range.  The 

first is that another region can produce something that simply cannot be 

produced given the inputs that are present in the local region.  For 

example, Bangladesh may not have the manufacturing facilities to produce 

computers.  Trade therefore gives the country access to an output that 

would otherwise be unavailable to it.   The second reason is that an 

economy may not have access to a necessary intermediate output.  

Bangladesh may have the required manufacturing facilities for computers, 

but the rare metals or chemicals required in their production may not be 

domestically available.  In that case, importing the necessary intermediate 

outputs will permit the country to add computers to its domestic output 

list.  

There are also two reasons, which are parallel to those just cited, why 

trade can decrease the input cost of an existing final output.  First, the 

economy may be able to import the same output at an input cost that is 

lower than its current input cost.  It could then replace the locally-

produced output with the import.  Second, the economy may be able to 

import an intermediate output at an input cost that is lower than the one it 

Figure 8-2:  An open economy.  When the economy is opened to trade, 

pineapples can be imported, thus expanding consumption possibilities.  As 

well, the effective input cost of strawberries decreases from 90 to 60 because 

the local output that is traded for strawberries incurs a lower input cost. 
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is currently incurring in production.  Substituting this imported 

intermediate output will again lower the input cost of producing the 

existing final output. 

 

THE RATIONALE FOR TRADE 
The discussion so far has outlined the key consequences of trade, but it has 

not established the rationale for trade.  To do this we have to understand 

that trade is in essence a form of production.  When a region trades, it 

provides inputs, incurs input costs and environmental expenditures, 

obtains outputs, and consumes these to achieve effectual value.  All the 

essential elements of local production are present, except that the outputs 

consumed differ from the outputs produced.  The decision to trade is thus 

fundamentally a decision to assign a locally available set of inputs to the remote 

production of an output.  ENL therefore considers trade to be an allocation issue, 

and applies the logic of allocation to this subject.  A consequence of this 

approach is that trade, unlike local production, takes into account the 

effectual value arising from consumption.  The discussion below therefore 

refers to effectual value rather than potential value, and to gains rather 

than potential gains. 

Rational allocation means directing inputs to a specific output in order 

to maximize aggregate health.  In order to do this, the society must know, 

or be able to estimate, the health benefits from the various output 

possibilities.  These benefits, known in ENL as gains, are equal to the 

effectual value derived from consumption minus the input cost incurred in 

production.  To maximize aggregate health, each set of inputs should be 

allocated to the output that will result in the highest attainable gains. 

When seen from the perspective of allocation, the expanded range of 

outputs resulting from trade gives a society more options in choosing the 

output with the highest gains.  For example, it may turn out that the 

imported pineapples in figure 8-2 achieve gains that exceed those of 

apples and strawberries.  If so, inputs should be redirected to this import. 

The other main benefit of trade - the decrease in input costs - will increase 

the gains of the affected outputs, thus modifying the allocation choice as 

well.  In figure 8-2 the input cost of strawberries dropped from 90 to 60 

health units because of trade.  If this change means that strawberries now 

result in the highest gains among the possible outputs, a society's inputs 

should be redirected to their production. 

Note that, in this basic trade logic, the expansion of the output range is 

not a qualitative issue.  That is, when health-based consumption is being 

considered, a society does not benefit simply because a greater variety of 
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outputs has been made available.  The benefits of trade being discussed at 

this stage are purely quantitative and based on health - the imported 

pineapples should be chosen if they result in higher gains than the locally-

produced outputs, not because they taste different from apples and 

strawberries or because they add an exotic touch to the dinner table.  Let 

me now review ENL's trade rationale by using a fairly realistic example of 

the first effect of trade - the addition of a new final output that expands the 

range of allocation choices. 

The Canadian province of British Columbia (BC), where I live, is 

heavily forested and thus a good place to grow trees for lumber.  Costa 

Rica is a lush tropical country and is therefore a great spot for growing 

pineapples.  Treating BC as the local region, what gains might we achieve 

by exporting our lumber to Costa Rica and importing their pineapples in 

exchange? 

Assume that we have reached the target quantities for all final outputs 

that require lumber in their production.  This means we cannot gain health 

by using any additional wood ourselves.  The environmental budget for 

wood extraction has not yet been exhausted in BC, so we have ecological 

space to extract more wood.  With this in mind, we get in touch with the 

Costa Ricans to talk trade, and discover that they are willing to exchange 

500 kilograms of their pineapples for 1,000 board-feet of our lumber.  If 

this is the best deal we can get from them, should we proceed?  Let's run 

through the allocation logic and see. 

Pineapples are final outputs and therefore have potential value.  When 

they arrive in BC's stores they will reach consumers, who will convert this 

potential value into effectual value.  BC incurs negligible input cost in this 

process, so our health gains from importing the pineapples will be the 

effectual value associated with their local consumption. 

Now consider the lumber we must ship to Costa Rica in return.  

Extracting logs from our forests and transforming them into lumber in our 

mills will incur both natural cost and labor cost.  We will also have to ship 

the lumber to Costa Rica.  Because transportation is part of production, 

this will incur further costs that we will also have to bear.  The total of all 

these costs is the input cost of the exported lumber. 

Clearly, what we gain from this trade is the difference between the 

effectual value from consuming the pineapples and the input cost from 

producing the lumber.  This difference is called the net gains from trade.  If 

the net gains are negative, the trade obviously makes no sense.  Assuming 

they are positive, however, should we start shipping lumber to Costa Rica 

and look forward to the pineapples that will be coming back?  Not quite 

yet - we have only dealt with the benefit from trade, not with its rationale.  
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Our aim is not just to increase our society's health, which we now know 

this trade will accomplish, but to maximize it.  We therefore have to go 

through one more step to justify the trade relationship. 

The resources we would expend for this trade are the inputs required 

for lumber production - labor, machines, buildings, oil, and so forth.  So 

the question is: will our trade with the Costa Ricans maximize the health 

we could potentially achieve from these inputs, considering all alternative 

production (including other trade) possibilities?  The situation that 

confronts us is summarized in figure 8-3.  (As before, the abbreviations EV 

and IC are used for effectual value and input cost, respectively.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the bottom of the diagram is a set of inputs, which we are seeking 

to allocate.  At the top are three output options: locally-grown apples, 

locally-grown strawberries, and imported pineapples.  For each output our 

economy incurs the indicated input cost and achieves the indicated 

effectual value.   The basis for the allocation decision is straightforward: 

Figure 8-3:  The rationale for trade.  The gains from imported pineapples 

(90-50=40) are greater than the gains from local apples (90-70=20) and 

strawberries (100-90=10).  The inputs should therefore be allocated to 

lumber in order to permit the importation of pineapples.  The question 

marks indicate that we have no knowledge of Costa Rica’s effectual value 

relating to the lumber or input cost relating to the pineapples.   
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when we put these inputs to work we should maximize the gains that will 

result.  These gains are as follows: 

 

Local apples:  90   ‒  70   =  20 

Local strawberries:  100   ‒  90   =  10 

Imported pineapples:  90   ‒ 50   =  40 

 

The imported pineapples are the clear winners here, so we should 

proceed with this trade.  Of course, this means that the inputs should be 

allocated to the production of the lumber we intend to export.  In this 

situation, the addition of the import has given us the opportunity to 

increase aggregate health relative to exclusively local production.  It 

should be noted that, in making the gains comparison during allocation, it 

was entirely irrelevant that the pineapples will be imported instead of 

being produced at home. 

What factors made the trade for pineapples the allocation winner?  BC 

has lots of trees, and (let's assume) our mills are relatively friendly to both 

workers and the environment.  Under these conditions, we can produce 

lumber at low input cost.  This low cost, combined with the high effectual 

value from Costa Rica’s wonderful pineapples, allows the gains from this 

trade to exceed the gains from the locally-produced apples and 

strawberries. 

Let's examine the trade with Costa Rica a little more closely.  We have 

full knowledge about the input cost of the exported lumber because we 

incur this cost ourselves.  Similarly, we have full knowledge of the 

effectual value of the imported pineapples because our population 

experiences this benefit directly.  However, we probably know nothing 

about the effectual value of the final outputs for which the lumber is 

destined.  Similarly, we are likely to be ignorant about the input cost of the 

pineapples produced in Costa Rica.  There is in fact no need for us to know 

about these two factors.  This is why the arrows relating to Costa Rica's 

interactions are labeled with question marks.  Also unknown to us, but not 

shown in the diagram, are the environmental expenditures incurred by the 

Costa Ricans in producing the pineapples, and thus whether or not they 

are violating any of their environmental budgets in this production.  

Finally, we know nothing about the depletion of nonrenewable resources 

that might be involved in Costa Rica's production. 

All these unknowns are the result of our choosing regional rather than 

global geographical scope.  In adopting regional scope we are consciously 

isolating our economy from the rest of the world and ignoring the global 

implications of our actions.  If we decide that such ignorance is 
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irresponsible, we have no choice but to adopt global scope.  Trade will 

then disappear, and we will assume full responsibility for determining all 

values, costs, and environmental impacts before making allocation 

decisions in our global ENL economy. 

To summarize: The rationale for considering trade is that this modifies 

the local economy's allocation options, first by expanding the range of 

outputs that can be obtained with its inputs, and second by effectively 

reducing the input cost of locally-produced outputs.  The rationale for 

trade itself is that an import offers the highest available gains among the 

allocation options for a specific set of inputs. 

 

WHERE TO GET POTATOES 
The above discussion establishes ENL's theoretical trade rationale, but it is 

too abstract to handle specifics.  What the framework also requires are 

analytical tools for answering concrete trade questions.  For example, as a 

society we might decide that potatoes should be added to our diets for 

health reasons.  The question thus arises: where should we get them?  

Should these potatoes be locally grown, imported, or some combination of 

the two? 

To address this question in its simplest form, we can assume that the 

potential value of local and imported potatoes is the same.  Thus, whether 

we in British Columbia grow our potatoes in the Fraser Valley or truck 

them in from Idaho, a 10-lb. bag of potatoes will result in equal health 

benefits.  What this implies is that our choice can be based entirely on 

comparative input costs. 

The first input cost to be considered is obviously that of producing the 

potatoes locally.  But what is the second input cost?  A little thought will 

establish that this is the input cost of producing the lowest-cost export that 

allows us to pay for the imported potatoes.  See figure 8-4. 
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The graph uses straight lines for clarity and simplicity.  The top line, 

labeled IC, is for the locally-grown potatoes.  The bottom input cost line, 

labeled ICx, is for the lowest-cost export.  As you can see, the input cost for 

the export is lower than for local potatoes until the export quantity reaches 

Q1.  Therefore, all potatoes up to this point should be imported.  If our 

society's consumption of potatoes is Q1 or less, it would be irrational to 

grow any of the potatoes locally.  Let us assume, however, that our 

consumption exceeds Q1.  At Q2, the export's input cost exceeds that of 

local potatoes.  The latter have therefore become the low-cost choice, and it 

makes sense to switch from exports to local.  Eventually, local potatoes 

will again exceed imports in cost, and we should switch back.  Briefly 

stated, once the export's input cost rises above the input cost of local 

potatoes, we should consume a mix of local and imported potatoes.  The 

relative slopes of the input cost lines will determine exactly what this mix 

should be. 

This approach is powerful because it allows us to simplify our 

thinking about basic trade questions.  When deciding where to obtain a 

desired output, we should focus our attention on the two costs just 

discussed.  Unless we have concerns that are beyond ENL's analytical 

purview - local autonomy, resilience, etc. - we should choose the source 

that allows us to minimize input cost.  This will help maximize the 

economy's gains and drive both its allocation and economic efficiencies 

towards 100%. 

There is one point to add before moving to the second concrete trade 

question.  The above method assumes that our society has exhausted all 

Figure 8-4: Where to get potatoes.  The input cost of the export (ICX) is 

lower than the input cost of locally-produced potatoes until Q1.  All 

potatoes up to this quantity should therefore be imported.  After this point, 

potatoes should be both imported and locally grown.   
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possible gains from the exported output, but that we have not yet reached 

its ecological limit.  That is, we are producing at the output's optimum 

quantity, and have ecological space for further production.  At the end of 

the chapter I will examine a case where, due to coercive trade relations, a 

society exports an output before its gains have been fully exhausted in the 

local region. 

 

WHAT TO DO WITH POTATOES 
Now let's turn the situation around.  We're in Idaho instead of BC, and 

we're wondering what to do with all the potatoes that can be grown in our 

fertile soils.  More generally, the question before us is this: when should an 

output be consumed locally, and when should it be exported? 

To address this situation, let's initially assume that input cost is the 

same for locally-consumed and exported potatoes.  This isn't true because 

of transportation costs, but we can adjust for the difference later. With this 

assumption in place, our choice can be based entirely on comparative 

effectual values.  The first effectual value to be considered is what we can 

achieve from consuming the potatoes ourselves.  The second is the 

effectual value of the highest-value import that can be obtained by 

exporting these potatoes.  See figure 8-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The top line, labeled EV, is for the locally-grown potatoes.  The bottom 

line, labeled EVM, is for the highest-value import.  The effectual value is 

Figure 8-5: What to do with potatoes.  The effectual value of potatoes (EV) 

is higher than the effectual value of the highest-value import (EVM) until Q1.  

All potatoes up to this point should therefore be consumed rather than 

exported.  After this point, potatoes should be both consumed and 

exported.   
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higher for local potatoes than for the import until Q1.  We should therefore 

consume rather than export the potatoes up to this point.  If we consume 

them at higher quantities, for example to Q2, their effectual value will 

have dropped well below that of the import, and we should therefore 

switch.  Analogous to the previous situation, we should mix importing 

and local consumption after Q1, with the quantitative details determined 

by the relative slopes of the two lines. 

The necessary correction for the input cost of transporting the potatoes 

out of Idaho can be accomplished by shifting the bottom effectual value 

line down.  In effect, the labor cost and natural cost associated with 

transportation will decrease the health benefits achieved by the import.  A 

downward shift of the bottom line will accurately reflect this adjustment.   

To summarize ENL's approach to concrete trade issues, the decision to 

import is driven by the relative input costs of the lowest-cost export and 

the locally produced output.  Conversely, the decision to export is driven 

by the relative effectual values of the highest-value import and the locally 

produced output. 

 

COERCIVE TRADE RELATIONS 
In the above example of lumber exports it was assumed that the lumber 

cannot be used to increase local health because all associated final outputs 

are at their target quantities.  In the real world, this is not necessarily the 

case.  For example, we could have been compelled to export the lumber 

prematurely because of political, commercial, or other pressures.  Many 

poor countries are forced by coercive trade relations to export food crops 

well before their citizens have consumed the target quantities of these final 

outputs.  Exporting under such conditions can significantly decrease the 

local region's well-being. 

A particularly striking example of this situation is depicted in Hubert 

Sauper's documentary, "Darwin's Nightmare."  The film shows how Nile 

Perch are harvested by Tanzanians from Lake Victoria, cut into fillets, and 

then flown to Europe for consumption by the rich.  The Tanzanians 

themselves get little in return except meager wages and fish bones.  It is 

clear that the commercial relations driving this export are deeply 

exploitive, and therefore ignore the health benefits that the Tanzanians 

could have gained from consuming some of the fish themselves. 

Another poignant example of unequal "trade" relations is provided by 

Adam Hochschild in King Leopold's Ghost, a disturbing examination of 

Belgian colonialism in Africa.  Part of the story revolves around Edmund 

Morel, an employee of a Liverpool-based shipping company who ended 

up spearheading an effective anti-slavery campaign.  Hochschild writes:  
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"Although the officials he works with have been handling this 

shipping traffic for years without a second thought, Morel begins to 

notice things that unsettle him.  At the docks of the big port of 

Antwerp he sees his company's ships arriving filled to the hatch 

covers with valuable cargoes of rubber and ivory.  But when they cast 

off their hawsers to steam back to the Congo, while military bands 

play on the pier and eager young men in uniform line the ships' rails, 

what they carry is mostly army officers, firearms, and ammunition.  

There is no trade going on here.  Little or nothing is being exchanged 

for the rubber and ivory.  As Morel watches these riches streaming to 

Europe with almost no goods being sent to Africa to pay for them, he 

realizes that there can be only one explanation for their source: slave 

labor."2 

In cases such as this, the sacrifices associated with the export must be 

reconsidered.  These no longer include just the input cost incurred in local 

production, as described above, but also the gains that have been forgone 

by not consuming the output locally.  Both of these components are shown 

in figure 8-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The input cost incurred in producing the export, including the cost 

associated with its transportation to the remote region, is represented by 

the line marked ICX.  At any quantity, such as Q, the local loss from this 

production is the area under the ICX line.  Input cost always accompanies 

the production of an export, and thus applies to the previous discussions 

Figure 8-6: Sacrifices in coercive trade.  If the local region exports an 

output that is being consumed at less than its target quantity, it sacrifices 

not only the input cost from production, but also the gains from forgone 

consumption.   
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as well.  The additional loss now being considered is depicted by the 

triangle at the top.  The gain that could have been achieved from local 

consumption is the difference between local effectual value (EVL) and local 

input cost.  (To avoid cluttering the diagram I have not drawn this line, 

which would be below than ICX because local production involves lower 

transportation costs than exports.  As an approximation, therefore, this 

second loss is the shaded triangle.)  The net gains from such trade are the 

effectual value of the import minus this total export loss.  If this math were 

done for the Nile Perch and a rational decision made, it is likely that much 

of the fish would remain in Tanzania for local consumption rather than the 

entire harvest being flown to Paris and Berlin for the dining pleasures of 

the affluent. 

This consideration also applies to intermediate outputs like lumber.  

Above I assumed that all outputs using lumber were at their target 

quantities.  If this is not true - if lumber is being exported when it could be 

used to increase local health - then this sacrificed health gain must be 

included in the net gains calculation and factored into allocation decisions. 

 

LOCAL SELF-SUFFICIENCY 
Based on ENL's approach to trade, those who favor local self-sufficiency 

are correct in some cases, but not in others.  Trade is justified if three 

conditions are met: regional scope is deemed to be ethically acceptable, 

local health is increased more from an import than from other allocation 

options, and ecological limits are not violated in producing the export.  

Unfortunately it is largely unknown to what degree today's trade meets 

the last two conditions.  If all the facts were available it might turn out that 

the supporters of self-sufficient economies are overwhelmingly right even 

today. 

Whatever the current situation actually is, supporters of local 

economies will likely have an increasingly powerful case as resource 

scarcities take hold and ecological decline deepens.  The rationality of 

trade depends heavily on the export's input cost.  But the input cost of 

transportation will likely rise significantly in the future as resource 

constraints necessitate more difficult and more disruptive extraction 

efforts.  This will increase pollution and habitat destruction, hence natural 

cost.  Similar considerations apply to labor cost.  Sooner or later the input 

cost associated with exports will exceed the effectual value of imports, and 

trade will no longer make sense - irrespective of allocation alternatives.3 

Shipping illustrates the point with respect to natural cost.  About 90% 

of the world's trade is currently transported by ships.  The extraordinary 

pollution they emit has been revealed in several European studies.  
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Despite the frequent focus on airplane pollution, it turns out that the 

world's fleet of approximately 70,000 ships causes 4-5% of the world's CO2 

emissions.  The figure for the airline industry is about half that.  There are 

currently 20,000 ships on order, and the fleet's emissions could rise by 75% 

over the next 15-20 years.4  If analysis determines that the climate can 

withstand only 10,000 ships even at sharply reduced emission levels, 

global trade will have to be severely curtailed, and the supporters of local 

economies will have their intuitions substantially confirmed. 

 

This chapter marks the end of ENL's technical description.  My next 

topic is the framework's application to humankind's most urgent task: 

reversing overshoot and salvaging what remains of the biosphere.   

 

 

                                                 

Notes 
1 E.K. Hunt, History of Economic Thought (New York: HarperCollins Publishers Inc., 1992), 
148. 

2 Adam Hochschild, King Leopold's Ghost: A Story of Greed, Terror, and Heroism in Colonial 
Africa (Boston: Houghton Mifflin Company, 1999), 2.  Two more points deserve to be 
made about the brutal exploitation described in this extraordinary book: 
     First, "The Congo offers a striking example of the politics of forgetting."  (p. 294)  
Although perhaps 10 million people died there from slavery in the late 19th and early 20th 
centuries, Hochschild - who had been writing about human rights for years and even 
visited the Congo in 1961 - had never heard of these Holocaust-like events until he 
chanced on a comment by Mark Twain.  There is no public acknowledgement of these 
deaths anywhere in Brussels, where the atrocities were orchestrated.  When Hochschild 
reviewed his college lecture notes on Joseph Conrad's Heart of Darkness, which accurately 
reflects this tragic period, he found prolific comments about "Freudian overtones, mythic 
echoes, and inward vision" (p. 3), but nothing about the realities of slavery and slaughter.   
     Second, even though Morel was a profoundly ethical person who deserves immense 
credit for his anti-slavery efforts, even he felt that, "There was nothing wrong with 
colonialism ... if its administration was fair and just." (p. 210) Hochschild found only two 
contemporaries who understood that Africans were full-fledged human beings who were 
entitled to their land and resources: African-American historian George Washington 
Williams and travel writer Mary Kingsley. 

3 This trend is now unfolding rapidly from the capitalist perspective:  "The high price of 
energy is undercutting the advantages of globalization by raising transportation costs so 
much that they are forcing businesses to look closer to home, says a CIBC World Markets 
report. 'Globalization is reversible,' the bank's chief economist, Jeff Rubin, wrote in the 
study released Tuesday. 'In a world of triple-digit oil prices, distance costs money. And 
while trade liberalization and technology may have flattened the world, rising 
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transportation prices will once again make it rounder ...'  Rubin and co-author Benjamin 
Tal assert that the cost of moving goods, not the burden of tariffs, is the largest barrier to 
global trade today.  They calculate that every $1 US-a-barrel rise in world oil prices 
translates into a one per cent increase in transportation costs.  In fact, the report says, the 
jump in transport costs caused by oil prices has effectively offset all the trade liberalization 
efforts of the past three decades." ("Globalization being undone by high oil costs: CIBC," 
CBC website: www.cbc.ca/news, May 27, 2008) 

4 "And you thought air travel was bad for the climate . . .", Guardian website, March 3, 
2007.  In a horrible irony, it was recently reported that sulphur dioxide emissions from 
ships have significantly reduced the effects of global warming.  Cutting down on these 
emissions will save tens of thousands of lives per year, but it will also exacerbate climate 
change.  “Polluting ships have been doing the climate a favour”, by Fred Pierce, New 
Scientist, March 17, 2010. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 9 
Reversing Overshoot 

 

 

 

In chapter one of Contractionary Revolution I discuss the ecological crisis 

and distinguish between resource overshoot and impact overshoot.  The 

main points of that discussion must be summarized here before I can 

proceed to the topic of overshoot reversal. 

In general, the term "overshoot" means to violate a limit.  If a landing 

airplane overshoots a runway, for example, this means it violates the 

runway's length limit and ends up in a field beyond the tarmac.  When 

applied to the global environment, "overshoot" has two related but distinct 

interpretations.  The first is when humankind ignores the fact that 

nonrenewable resources will one day be effectively depleted, and grows 

beyond the Earth's capacity to sustainably support its production level 

through renewable resources alone.  This is a violation of the resource limit, 

and is therefore called resource overshoot.  If this problem is left 

unaddressed, our species will eventually experience a sharp drop in 

consumption, a population die-off, or both. Resource overshoot is best 

exemplified by peak oil - the decline in conventional fossil-fuel extraction 
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after the historical maximum was reached early in the 21st century.  The 

global population skyrocketed due to the ready availability of these fuels, 

and this population cannot be supported at current consumption levels 

once the fuels become prohibitively scarce. The second interpretation of 

overshoot is when humankind exceeds the biosphere's capacity to safely 

absorb the environmental effects of our economic activities.  This is a 

violation of the impact limit, and is therefore called impact overshoot.  Impact 

overshoot is far more serious than resource overshoot because it imperils 

the biosphere as a whole by undermining the integrity of the planet's 

ecosystems.  The clearest example of impact overshoot is global warming, 

or climate change, which has the potential to turn a verdant Earth into a 

lifeless Venus.  When the word "overshoot" is used by itself, it refers to the 

two types collectively.  Thus, to reverse overshoot means to overcome 

resource overshoot and reach resource sustainability, and to overcome 

impact overshoot and reach impact sustainability. 

The economic factor that links the two types of overshoot is the global 

economy's output rate - the quantity of outputs produced and consumed by 

the world's population over a specified period of time.  This is similar to 

the "output quantity" (quantity/time) that has been used in many ENL 

graphs with reference to a specific output or the economy as a whole.  The 

global output rate is central because it indicates the level of humankind's 

economic activities which, in conjunction with ecological efficiencies, is 

responsible for humankind's violation of the planet's environmental 

constraints. These concepts are graphically depicted in figure 9-1, which 

also appears in Contractionary Revolution. 
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Humankind's output rate is shown on the vertical axis.  The horizontal 

axis represents a compressed timeline of human history.  The output rate 

increased gradually for much of humankind's existence, but skyrocketed 

after the advent of capitalism around 1500 AD.  Resource overshoot 

occurred first as nonrenewable resources were used to increase population 

and per-capita consumption beyond the resource limit.  Impact overshoot 

followed when the soaring toxins, pollutants, and habitat destruction 

violated the planet's impact limit.  On the assumption that contractionary 

revolutions are successful and rapid contraction occurs on a global scale, 

the output rate will decrease sharply in the future.  This will achieve first 

impact sustainability and then resource sustainability.  As with overshoot, the 

term "sustainability" by itself refers to both types. 

One of the main challenges faced by ENL analysts is how to effectively 

apply the framework to the task of reversing overshoot and achieving 

sustainable well-being after a contractionary revolution.  ENL is simply a 

collection of analytical tools, whereas overshoot is an ecological crisis.  It is 

not immediately obvious how the tools should be brought to bear on the 

crisis.  Let me address this by first identifying a major shortcoming of 
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Figure 9-1: Overshoot concepts.  Resource overshoot occurs when humankind's output 

rate exceeds the resource limit - the maximum sustainable rate in the absence of 

nonrenewable resources.  Impact overshoot occurs when this rate exceeds the impact limit 

- the maximum rate consistent with environmental integrity.  Resource sustainability and 

impact sustainability are achieved when the output rates falls below these limits.  The two 

limits rise when ecological efficiencies increase, and fall when they decline. 
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ENL's existing tools in dealing with overshoot.  See figure 9-2, which 

represents the entire world economy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph indicates that the economy's current output rate is well 

above its ecological limit.  Since we are considering the world economy, 

the ecological limit is equivalent to the biosphere's impact limit, which 

means that the economy is in impact overshoot.  As shown, this can be 

rectified by increasing the appropriate ecological efficiencies, thereby 

raising the impact limit, and by decreasing the economy's output rate.  

Here these two factors meet at the optimum output rate, thus achieving 

both optimum scale and overshoot reversal. 

The problem with this model is that it does not clearly depict two of 

the key factors driving overshoot: the global population level and its 

average consumption rate.  Although both are represented in the graph, 

they appear as a single quantity: the output rate (quantity/time) on the 

horizontal axis.  This means that, for the purpose of analyzing overshoot 

and its reversal, output rate is an over-aggregation.  If we are to consider 

these factors separately, the output rate must disaggregated into its two 

components.  You may recall that this disaggregation was in fact done in 

chapter six in order to establish the population's ecological limit.  

Figure 9-2: Reversing overshoot - existing ENL tools.  The current output 

rate for the world economy is above its ecological limit, which is the 

biosphere's impact limit.  The economy is thus in impact overshoot.  This 

can be reversed by increasing ecological efficiencies, thereby shifting the 

impact limit to the right, and by decreasing the output rate.  In this standard 

ENL graph, however, population and average consumption rate are 

aggregated as quantity divided by time. 
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However, the average consumption rate was represented there by the 

slope of a line, which I believe is too abstract for present purposes. ENL 

thus includes an overshoot model, which explicitly represents the three 

critical factors.  With all three overshoot factors - population, average 

consumption rate, and ecological efficiencies - clearly visible, analysts can 

properly orient their ENL analysis during the post-revolutionary period of 

rapid contraction.  In developing this model I will initially ignore 

ecological efficiencies for simplicity.  When the term "environmental 

effects" is used, it refers to both environmental damage and resource 

depletion. 

 

OVERSHOOT MODEL  
The output rate is disaggregated by first noting that output quantity is 

equal to population (P) multiplied by the average consumption level 

(Q/P).  That is: 

 Q = P * Q/P 

However, we are interested in rates, not quantities and levels, so the 

time element must be included.  The equation then becomes: 

 Q/t = P * (Q/P)/t 

This states that the output rate is equal to the population level 

multiplied by the population's average consumption rate.  Obviously, 

there are numerous combinations of these two factors that will result in a 

specific output rate and thus specific environmental effects.  To pick a few 

examples, an output rate of 200 units per year will result from population-

consumption combinations of 100 and 2, 50 and 4, 20 and 10, and 2 and 

100.  From the environmental perspective we are interested only in the 

result - the output rate - and we are therefore indifferent to the specific 

combination of the two factors that produce the result.  Because such 

relationships arise frequently in economic analysis, standard economists 

have developed a handy analytical tool to deal with them: the aptly named 

indifference curve.  Figure 9-3 shows how such a curve can applied here. 
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In the graph, population is on the vertical axis and average 

consumption rate (hereafter simply "consumption ") is on the horizontal 

axis.  The curve represents all combinations of these two factors that result 

in the same output rate.  Two examples are shown.  At point A population 

is high and consumption is low.  The output rate is the product of these 

two, represented by the shaded area at left.  At point B population is low 

and consumption is high.  The output rate is the same, as indicated by the 

equivalent area at bottom. 

In the overshoot model this indifference curve is treated as the 

economy's impact limit - that is, the maximum output rate that does not 

cause environmental degradation.  The curve thus defines a highly 

significant boundary: between population-consumption combinations that 

result in impact sustainability, and those that result in impact overshoot.  

This distinction is shown in figure 9-4. 

 

Figure 9-3: Indifference 

curve.  Any point on the 

curve represents a 

combination of population 

and average consumption 

rate that results in the same 

output rate, hence the same 

area under the curve.  Thus, 

(Q/t)1 = (Q/t)2.   
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Here point A indicates impact sustainability.  For any point on this 

side of the curve, the output rate is below the maximum sustainable level, 

and the area underneath the curve is smaller than those in figure 9-3.  For 

any point on the other side of the curve, such as point Z, the output rate is 

above the maximum sustainable level, and the area underneath the curve 

is larger than those in figure 9-3.  If you are unclear as to why these areas 

represent the output rate, remember that the area of a rectangle is 

calculated by multiplying the length of its two sides.  In the graph these 

lengths are represented by P and (Q/P)/t.  If we multiply these two 

dimensions the P's cancel out, leaving Q/t - the output rate. 

The model in figure 9-4 is already somewhat useful, but it lacks two 

essential features: the resource limit, and a way to represent ecological 

efficiencies.  The resource limit is straightforward.  It is similar to the 

impact limit in that it is violated by an excessive output rate.  It can 

therefore be represented by a similar curve, although one that is closer to 

the graph's origin.  The reason for this can be seen in figure 9-1: the 

resource limit was historically reached before the impact limit, and the 

curve must therefore represent a lower output rate.  Figure 9-5 shows both 

limits. 

 

Figure 9-4: Impact 

sustainability and 

overshoot. Here the 

indifference curve 

represents the impact limit.  

All points on or below the 

curve, such as A, represent 

impact sustainability.  All 

points above the curve, such 

as Z, represent impact 

overshoot. 
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As you can see, there are now three possibilities for the world 

economy.  It can be at a point such as A, in which case it has violated 

neither the resource nor the impact limit, and is therefore fully sustainable.  

It can also be at a point such as B, in which case it has violated the resource 

limit but not the impact limit.  The economy is therefore in resource 

overshoot but not in impact overshoot.  Finally, the economy can be where 

it is today: at a point like Z, which signifies both resource and impact 

overshoot. 

Ecological efficiencies are incorporated into the model by noting that 

higher efficiencies permit the output rate to rise without increasing the 

resulting environmental effects.  This is why, in figure 9-2, improved 

efficiencies shifted the impact limit to the right.  The equivalent in the 

overshoot model is to shift the resource and impact curves away from the 

graph's origin.  This is depicted in figure 9-6, although for visual clarity 

only the impact limit is shown. 

 

 

 

 

Figure 9-5: Resource limit 

and impact limit.  These 

two curves depict the two 

ecological limits.  Because 

the world economy first 

encountered the resource 

limit, this is placed below 

the impact limit.  
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A slight complicating factor is that the set of outputs requiring 

increased ecological efficiencies differ for the two limits.  The impact limit 

is set by outputs that cause environmental destruction, which can result 

from any of biological flows: utilization of renewables, habitat destruction, 

and wastes.  This limit is therefore shifted out by increasing ecological 

efficiencies for outputs that are associated with the most damaging of 

these flows.  The resource limit, on the other hand, is set by the economy's 

overall use of renewable resources.  This limit is therefore shifted out by 

increasing ecological efficiencies for all outputs with respect to renewable 

resources specifically. 

At this point the model allows us to depict the three factors 

responsible for the ecological crisis, and to distinguish between resource 

and impact overshoot.  To see how the model can orient our thinking with 

respect to overshoot reversal, see figure 9-7, which addresses the priority 

task of impact overshoot. 

 

 

Figure 9-6: Ecological 
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curve outward, which 
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In the figure, point Z represents the world economy's current state of 

impact overshoot, and impact limit curve A represents the current level of 

the associated ecological efficiencies.  It is visually obvious that each of the 

three overshoot factors, by itself, could reverse impact overshoot.  A 

drastic decrease in consumption would shift point Z to the left until it hits 

curve A, which would do the trick.  Similarly, a drastic population 

reduction would shift point Z down until the limit was encountered.  This 

too would reverse the overshoot condition.  Last, a radical increase in 

ecological efficiencies would shift the limit curve all the way to point Z, 

which would eliminate impact overshoot without decreasing the output 

rate - that is, without undergoing rapid contraction.  Although such single-

minded approaches are possible, a combination of the three factors will in 

most cases be preferable.  The figure depicts one such combination: a 

substantial decrease in the consumption rate (1), a modest decrease in the 

population level (2), and a significant increase in ecological efficiencies (3).  

The "correct" combination, both for the world as a whole and for 

individual countries and regions, is the one that can be achieved most 

quickly and with the least social disruption. 

The above comments also apply to the reversal of resource overshoot.  

In that case the starting point would be a point Z that is at or below the 

current impact limit curve, and the challenge would be to move this point 

down to the resource limit curve through a carefully considered 

combination of rapid contraction and increased ecological efficiencies for 

renewable resources. 

A final point must be made about the overshoot model before I 

proceed.  The biosphere could easily undergo a collapse from 

humankind's economic activities, leaving the integrity of the world's 

Figure 9-7: Reversing impact 

overshoot.  The world 

economy must move from 

impact overshoot point Z to a 

point on or below the impact 

limit curve.  This can be 

achieved through various 

combinations of reduced 

consumption (1), reduced 

population (2), and higher 

ecological efficiencies (3). 
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ecosystems severely impaired.  The Amazon, for example, could soon be 

transformed from a tropical forest to a savannah of grasses and sporadic 

trees.  Such changes would have two broad effects: it would reduce the 

capacity of the environment to absorb our economic wastes, and it would 

reduce the flow of renewable resources.  A savannah-like Amazon, for 

example, would sequester greenhouse gases and provide lumber at much 

lower rates than a heavily forested Amazon.  In the overshoot model these 

changes would be reflected as shifts in the resource and impact limit 

curves towards the origin.  The practical result would be to complicate the 

tasks of rapid contraction and improving ecological efficiencies.  If impact 

limit A in figure 9-7 were significantly closer to the origin, humankind 

would find it much more difficult to reach impact sustainability.  The same 

can be said for resource sustainability.  Thus, if ecological collapse occurs 

despite our best efforts, it can be represented in the overshoot model 

through the indicated curve shifts. 

  

SHRINKING ECONOMIES 
The subtitle of Contractionary Revolution includes the phrase, "shrinking 

economies".  This refers to rapid contraction in regions that have 

undergone contractionary revolutions.  My particular emphasis is on the 

formerly rich capitalist countries, which during their history contributed 

heavily to overshoot and now, in their post-revolutionary periods, bear the 

greatest responsibility for its reversal.  In this section I therefore imagine 

myself as part of a contractionary group that has seized power in such a 

country and now faces the daunting challenge of aggressively moving the 

economy towards sustainable well-being. 

The first thing to note is that the overshoot model cannot guide this 

transformation on its own.  The model was developed to overcome a 

shortcoming in ENL's tools with respect to overshoot analysis: the 

aggregation of population and average per-capita consumption into the 

output rate.  Although the model achieves the required disaggregation, it 

fails to address well-being - the implications for health and want 

satisfaction arising from economic activities.  This means that, when we 

move from a broad discussion of overshoot reversal to the specifics of 

economic transformation, we must combine the insights of the overshoot 

model with ENL's other analytical tools to get a complete picture. 

Another important point is that, although impact and resource 

overshoot can be clearly defined for the world economy, the concepts are 

much fuzzier for a regional economy.  This difficulty was acknowledged 

in chapter five when I discussed environmental budgets.  I stated there 
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that, when a natural flow spills over a region's boundaries and impacts the 

global environment, the flow's budget must be established through a 

political process such as the Montreal or Kyoto protocol.  I also mentioned 

that trade complicates the picture because it is not obvious if the 

producing or the consuming region - or some combination of the two - 

should be charged for the environmental effects of production.  Despite 

these problems, it is important to retain the two overshoot concepts at the 

regional level.  In part this is because the economic transformation must be 

prioritized, with strong precedence given to changes that contribute to the 

reversal of impact overshoot.  As well, because the two types of overshoot 

are different in nature, distinct strategies are required to address them. 

Nevertheless, a troublesome fact remains and must be acknowledged: 

the vague definitions of impact and resource overshoot at the regional 

level prevent us from accurately tracking our progress towards their 

reversal.  A possible workaround is to use the ecological footprint for this 

purpose.  The footprint, which has been calculated for every country, 

combines impact and resource effects into a single measure and gives us a 

rough indication of our environmental status.  Canada, for example, has a 

per-capita footprint of 7.6 hectares, whereas the sustainable footprint is 1.8 

hectares.  Thus, the country is using resources and emitting wastes at over 

four times the "permissible" rate, and must reduce these by about 70% in 

order to achieve sustainability. 

The key question is now: How might a country like Canada meet this 

imposing challenge?  From the overshoot model we know that a rich 

country's environmental effects can be reduced by decreasing its 

population level and consumption, and by increasing its ecological 

efficiencies.  However, this formula is too broad to guide the 

transformation process.  The tricky issues are the order in which the three 

factors should be addressed and the degree to which this should be done.  

For example, should Canada embark on a crash program of population 

reduction and forget about consumption and ecological efficiencies?  Or 

should it leave population alone and moderately reduce consumption 

while seeking radical efficiency improvements?  Although contraction 

strategies will vary according to regional circumstances and the views of 

contractionary leaders, I believe the following is a useful approach that 

should be seriously considered. 

 

In order to make sound social decisions, it is imperative that we 

understand the likely popular mood at the start of rapid contraction.  A 

contractionary revolution has just been won, which means that much of 

the populace has viscerally acknowledged the ecological crisis and has 
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mandated our group to fundamentally transform economic life.  However, 

the consumption desires that were inflamed during capitalism's long reign 

are still smoldering, and humankind's natural expansionary tendencies are 

an ineradicable presence.  To counter these dangerous currents, virtually 

all advertising and other forms of consumer manipulation have been 

banned.  Further, an effective educational campaign has linked rapid 

contraction to the populace's genuine, long-term interests.  Thus, although 

the populace retains many of its consumption desires, these are being 

eroded by the absence of consumer stimulation and the deep fear of 

ecological collapse. 

Two additional points must be made before I propose my rich-country 

contraction strategy.  The first is that the three overshoot factors are not 

independent.  That is, they cannot be picked like items on a menu, on the 

assumption that there are no interactions among them.  For example, if jet 

skis will no longer be produced in a contractionary economy, it is pointless 

to improve the ecological efficiencies specifically associated with this 

output.  The need for efficiency improvements is dependent on the output 

mix resulting from reduced consumption.  The second point is that the 

economic transition must be as evolutionary as possible.  What this means 

is that, to the extent permitted by circumstances, economic changes should 

be driven by personal decisions rather than by directives from a central 

authority.  This posture is necessary to maximize individual freedom, to 

minimize the administrative load on the nascent contractionary state, and 

to retain popular support while the economy shrinks. 

The initial step in developing a contraction strategy is to distinguish 

between short-run and long-run factors.  As pointed out in chapter four, 

short-run changes are predominantly behavioral rather than physical in 

nature, whereas the reverse is true for long-run changes.  A rich society 

could in principle reduce its consumption by a simple decision to do so.  

On the other hand, reducing the population level entails the physical 

realities of births and deaths, and increasing ecological efficiencies 

requires physical modifications to various production methods.  Because 

impact overshoot must be reversed within years or decades, it is essential 

that reduced consumption is given the highest priority among the three 

factors. 

There are two other reasons for emphasizing consumption.  The first is 

that this factor will profoundly modify the others.  Anthropologists have 

repeatedly noted that a society's population tends to increase when food is 

plentiful, and to decrease when food is scarce.  In general, optimism about 

a society's material future typically causes population to increase, whereas 

pessimism leads it to decrease.  If a rich country's consumption drops 
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significantly during rapid contraction, the populace will presumably react 

as for food scarcity and pessimism, resulting in a lower population level.  

In addition, immigration will likely fall as the country rejects over-

consumption, thereby becoming less attractive as a destination.  The 

second reason to emphasize the consumption rate is that much of a rich 

country's consumption is superfluous to well-being, and can therefore be 

curtailed without impairing its health or thwarting its true wants.  If a 

populace has become sufficiently aware of humankind's ecological 

predicament to support a contractionary revolution, it surely understands 

this reality and will be prepared to abandon many of capitalism's 

consumption excesses. 

To summarize, a rich country can most readily achieve rapid 

contraction by sharply curtailing its consumption.  This will likely reduce 

its population and identify the key areas where ecological efficiencies 

should be improved.  Although consumption must to some degree be 

restricted by a central authority, the other overshoot factors will in large 

part be modified by individual decisions, making the process as organic 

and evolutionary as possible. 

The next task is to use ENL logic to determine how health can be 

maximized while consumption is being reduced.  In addressing this topic 

we must remember that humankind's initial challenge is to reverse impact 

overshoot rather than resource overshoot. 

ENL identifies a number of economic situations where well-being is 

either unchanged or improved through reduced consumption.  All of these 

will be discussed below, but I would like to begin with the most significant 

of these: unsanctioned wants.  Recall that a want is a consumption desire 

that does not increase health when it is satisfied.  If the associated output 

has not violated its ecological limit, society can decide to approve its 

production.  This is a sanctioned want.  If the output's ecological limit has 

been violated, or if society objects for another reason, its production will 

be rejected.  This is an unsanctioned want.  Because capitalism does not 

make this distinction, a contractionary economy will initially produce 

numerous outputs - big cars, mansions, electronic gadgets, exotic 

vacations, military equipment, etc. - whose production it would not have 

sanctioned at current quantities, if at all.  In rich societies such outputs 

account for much of the economy's total production and generate the bulk 

of its environmental damage.   It thus makes both economic and ecological 

sense to apply the distinction between sanctioned and unsanctioned wants 

as the first step in rapid contraction. 

As an example, take an electronic gadget manufactured under 

onerous factory conditions in China and consumed in a rich country.  
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Production of this item results in greenhouse gases and a toxic stream of 

metals and chemicals.  This output does not increase health when 

consumed, and is therefore categorized as a want.  These conditions are 

reflected in figure 9-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The chosen analytical scope here is global, which means that the input 

cost incurred in China is included in our analysis.  This cost is positive for 

all output quantities because of the grim factory conditions (labor cost) 

and the deleterious effects of toxins and climate change on the global 

population (natural cost).  No effectual value curve appears because the 

gadget has no appreciable health effects when it is consumed. 

When contractionists take control of a capitalist economy, graphs like 

this should be drawn for every major output that satisfies a want.  In a 

case like this, it would be immediately obvious that the current output 

quantity (Q) far exceeds the ecological limit.  Based on the discussion in 

chapter five, an ENL-based economy cannot sanction this want at the 

indicated quantity.  If it is decided to produce this output at all, the 

maximum permissible quantity would be Q1 - the ecological limit.  On the 

assumption that this is the chosen option, two benefits would result.  First, 

the environmental impact of the output's life cycle would be greatly 

reduced.  This is the negated impact shown on the graph.  Second, the 

detrimental health effects associated with this output would also be 

sharply curtailed.  This is the graph's negated loss.  I acknowledge that 

reducing output quantities could cause unemployment and poverty for 

Figure 9-8: Curtailment of an unsanctioned want.  An ENL-based 

society cannot sanction a want beyond its ecological limit.  Reducing 

the output quantity from Q to Q1 will result in two benefits: negated 

environmental impact and negated loss (shaded area) from reduced 

input cost.   
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some Chinese workers.  However, these unfortunate results imply that the 

Chinese economy is dependent on ecologically destructive consumption 

abroad and health-destroying production at home, and must therefore be 

radically restructured.  They do not imply that the rich countries should 

avoid or delay their rapid contraction. 

If consumers complain that this gadget is essential to their lives and 

that its output quantity must remain where it is, there are remedies.  They 

could persuade those involved with the output's life cycle to increase the 

ecological efficiencies that are keeping its ecological limit so low.  This will 

shift the limit to the right and allow this want to be sanctioned at a higher 

quantity.  They could also persuade the Chinese leadership to improve 

working conditions and lower the natural cost associated with the gadget's 

production.  If consumers protest that they cannot influence the distant 

Chinese on this issue, then the gadget's production should be shifted to a 

domestic location so that the manufacturers can be readily confronted.  It 

should be clear, even from this brief discussion, that a principled attack on 

unsanctioned wants has the potential to reshape the world economy, 

undoing much of the harm that has been wreaked by decades of neoliberal 

globalization. 

 The second output category that can contribute to rapid contraction is 

irrational outputs.  As discussed in chapter four, these are outputs that 

create losses at all output quantities.  The examples used were cigarettes 

because their effectual value is extremely low, and field tomatoes because 

their input cost is (under certain conditions) extremely high.  From a 

purely economic perspective, these outputs should be disallowed as soon 

as contractionists seize economic control.  It must be remembered, 

however, that many people have become addicted to harmful outputs 

because of the stress and deprivation they experienced under capitalist 

conditions.  Sensitive social judgment must therefore be applied when 

considering the curtailment of such outputs.  There are no comparable 

issues for outputs with an extremely high input cost, so these can be 

removed from the economy's output mix as quickly as possible. 

The third category of interest includes the many outputs that satisfy 

needs, but where the current output quantity is higher than the target 

quantity.  Whether the target is the ecological limit or the optimum 

quantity, the reduced level of production will result in negated impact.  If 

losses are currently being incurred by the output's production and 

consumption, reducing the quantity will also result in negated losses.  An 

additional point must be made about this category, relating to the fact that 

we can experience negated gains as well as negated impact and losses.  See 

figure 9-9. 
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In both these cases the target output quantity (Qt) is the ecological 

limit, and the current quantity is reduced accordingly.  Let's assume that 

the negated impact is the same for each.  The big difference is that the 

negated gains are substantial in the example at left, but relatively small in 

the example at right.  This is something that must be considered when 

choices are made about production curtailments.  Rather than reducing the 

output quantity in the situation at left, it might be better to make an 

intense effort to increase its associated ecological efficiencies.  If this shifts 

the ecological limit sufficiently to the right it will be unnecessary to reduce 

the output quantity and thus to incur the negated gains. 

Note that this is another instance where the focus on a reduced 

consumption provides us with useful guidance regarding ecological 

efficiencies.  Previously we saw that efficiencies can be ignored for 

outputs, such as jet skis, that will no longer be produced in a 

contractionary economy.  We also saw that a society will likely choose to 

increase efficiencies for an output that satisfied an intense want, 

permitting it to be sanctioned at a higher output quantity.  These examples 

underscore my earlier point that the overshoot factors are interdependent, 

and that for a rich country the emphasis should be placed on radically 

curtailing its current consumption. 

If the above contraction strategy is successfully implemented, the 

economy will have made its full contribution to reversing global impact 

overshoot.  The next step in rapid contraction will be to address resource 

Figure 9-9: Minimizing negated gains.  Reducing output quantities will in 

many cases negate not only impacts, but also gains (shaded areas above).  In 

cases where the negated gains are substantial, as at left, contractionists 

should instead consider increasing the output's associated ecological 

efficiencies. 
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overshoot - a global output rate that cannot be maintained once 

nonrenewable resources are depleted.  This is a long-term and highly 

organic project based on weaning our economy off nonrenewables, 

particularly fossil fuels.  One possible approach to achieving this end is the 

oil depletion protocol.  Recall that this was criticized in chapter five 

because it would be too slow over the short run and would leave too little 

of these precious assets for our descendants.   However, the short run is 

now behind us, and a strategy that gradually reduces resource utilization 

will likely be useful. 

 

FOUR APPROACHES TO OVERSHOOT 
The overshoot model is intended primarily to help contractionary leaders 

strategize overshoot reversal in a post-revolutionary situation and to guide 

the attendant ENL analysis.  However, it is also useful in a pre-

revolutionary situation for characterizing contractionism and its 

alternatives.  Figure 9-10 depicts these options.  In each case only the 

impact limit is shown because this reflects the critical, immediate task: 

reversal of impact overshoot.  Each box is shaded based on the economic 

logic - and implicitly the group holding political power - assumed by the 

option's proponents.  As before, point Z represents humankind's current 

overshoot position. 

The figure begins at top left with the present reality: capitalist growth.  

As indicated by the arrow at point Z, this option supports economic 

expansion - increases in population and consumption - as required by 

capitalist logic.  The shorter arrow indicates that this logic permits only 

modest increases in ecological efficiencies: under capitalism, unprofitable 

improvements are rejected except under strong social compulsion.  The 

result of these two factors is the continuation of hyper-expansion and the 

inevitability of ecological collapse. 

The next option is left-liberal growth.  This refers to the left-wing 

politics of the many progressives who are dedicated to social fairness but 

cannot conceive of an economic system beyond capitalism.  Given this 

limited historical perspective, they are forced to support economic growth 

as the only way to provide the populace with sufficient jobs and income.  

As shown in the figure, left-liberals try to overcome the environmentally 

destructive effects of growth by positing radical improvements in 

ecological efficiencies.  The fact that such improvements contradict the 

capitalist logic they embrace is simply ignored. 

The third option is green reformism: support for changes that reduce 

an economy’s ecological impact while retaining the current logic.  As can 

be seen, the proposed solution is very similar to that of contractionism.  
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Most green reformists insist that economies must contract and that 

ecological efficiencies must be greatly improved.  However, this option 

ignores the central fact that such changes contradict the economic logic of 

capitalism.  This logic is growth-dependent and, as noted above, limited its 

capacity to improve ecological efficiencies. Green reformism must be 

dismissed because it is conceptually incoherent and because it profoundly 

misleads people who are genuinely concerned about the ecological crisis. 

The last option is contractionism.  Uniquely, this assumes that a 

revolution has replaced the capitalist class with contractionary leaders, 

and that ENL logic has replaced capitalist logic for economic guidance.  

Contractionism supports rapid contraction, as indicated by the shift in 

point Z towards the origin, and sharp increases in ecological efficiencies, 

as indicated by the second arrow's shift away from the impact limit curve.  

The result is that point Z meets the impact limit curve, thereby reversing 

the overshoot condition. 
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Figure 9-10: Four approaches to overshoot. The current, business-as-usual approach is 

capitalist growth, which leads the world economy away from the impact limit and is 

thus ecocidal.  Left-liberal growth differs from this only in its insistence on higher 

ecological efficiencies.  However, such improvements are impossible under capitalist 

logic, and they are inadequate because economic growth continues.  Green reformism 

typically proposes economic contraction and higher efficiencies, but falsely assumes that 

these can be achieved in a capitalist context.  Contractionism's solution is the 

revolutionary replacement of capitalist logic with ENL logic for guiding purposes, 

followed by rapid contraction and sharp increases in ecological efficiencies. 
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Chapter 10 
Contractionary 

Economics 
 

 

 

The preceding chapters have explored ENL's concepts and analytical tools 

in some detail.  However, in focusing on these details we may have lost 

sight of the fact that ENL has a restricted purpose: to serve as a guiding 

framework in a more comprehensive economic theory called 

contractionary economics.  Recall from chapter one that a guiding 

framework establishes an economy's objectives, whereas a functional 

framework addresses its operational details.  This chapter discusses how 

ENL could be merged with various elements of current economic thought 

to form a theory that has both guiding and functional components.  As 

well, it briefly considers how contractionary economics might be 

developed in a conservative context, where the state participation implied 

by ENL would be minimized.  Let me begin by surveying the current 

economic landscape. 
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CURRENT ECONOMIC THOUGHT 
Today's economic thinking is dominated by a discipline that has been 

referred to in this book as standard economics.   Also called "neoclassical 

economics", this theory includes concepts and tools that both justify and 

implement the economic logic of capitalism.  Standard economics is the 

theory that reflects the interests of the capitalist class, and it therefore has a 

virtual monopoly on economics instruction at universities around the 

world. 

The main alternative to standard economics is heterodox economics.  

This is a broad category that includes numerous schools of thought, 

including the institutional, social, evolutionary, historical, feminist, and 

behavioral.  What binds these schools together is their opposition to the 

narrow mathematical approach and - in most cases - the ideologically 

conservative stance of the standard discipline.1  Although heterodox 

economics is similar to standard thought in its commitment to capitalist 

logic, many of its adherents share ENL's ethical orientation and its goal of 

sustainable well-being.  Heterodox economists have also developed 

alternative analyses of economic behavior, focusing more on group 

interactions and less on the isolated individualism of standard economics.  

This important topic is discussed further below. 

Ecological economics is generally considered to be part of heterodox 

economics, but it is treated separately here due to its unique relevance for 

the contractionary project.  The field has extensive experience in analyzing 

resource and waste flows, and in formulating policies that are conducive 

to their minimization.  It also understands the need to rapidly increase 

ecological efficiencies, and it has done considerable work in placing 

monetary values on natural assets.  These tools and policy guidelines 

could be highly useful in a progressive contractionary economy, and could 

form the foundation of a guiding logic that conservative contractionists 

will prefer to ENL. 

The last major alternative to standard economics is Marxian 

economics.  This field is distinguished by its rejection of the capitalist 

system and its acceptance of the labor theory of value.  The latter is the 

proposition that under capitalism the exchange-value of a commodity is 

regulated by the socially necessary labor-time required to produce it.  This 

theory, which I believe is broadly correct, makes Marxian economics an 

indispensable tool for analyzing the systemic nature of capitalist 

economies.  For example, Marx's ideas can readily prove that such 

economies are compelled to grow, something that cannot be done with 

standard and heterodox concepts.  The problem with Marxian economics 

for present purposes is that it relates exclusively to capitalism.  Because the 
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aim of a contractionary revolution is to supersede capitalism historically, 

these concepts will become increasingly irrelevant as the contractionary 

movement succeeds in attaining its goals. 

To summarize, current economic thought falls into four categories: 

standard, heterodox, ecological, and Marxian.  Standard economics is an 

unlikely source of ideas for contractionary economics because it is aligned, 

ideologically and ethically, with the logic of capitalism.  Marxian 

economics is also an unlikely source because the subject of its analysis is 

slated for disappearance from the historical stage.  Heterodox and 

ecological economics, on the other hand, are promising sources because 

they largely share ENL's ethical stance, and because they analyze many of 

the topics that must be addressed in supporting a society's economic 

transformation.  Let me therefore examine heterodox and ecological 

economics more closely to determine how they might contribute to the 

functional and guiding frameworks within contractionary economics. 

 

HETERODOX ECONOMICS 
The various schools of thought within heterodox economics are 

overwhelmingly concerned with the analysis of economic reality.  That is, 

they accept the guidance provided by capitalist logic, but introduce 

concepts that are intended to analyze capitalist economies in more depth, 

or with more accuracy, than standard concepts.  Heterodox economics is 

therefore focused on functional analysis, and will predominantly 

contribute to the functional framework of contractionary economics. 

Heterodox economics has made significant advances in our 

understanding of economic behavior - that is, the manner in which people 

respond to economic incentives and constraints.  For many years this 

subject has been plagued by an extraordinary contradiction.  Standard 

economists have used the individual as the basis for analysis, an approach 

they call methodological individualism.  On the other hand, marketing 

experts have used the group or social collective as the basis for their 

analysis.  It is clear to everyone outside the economics profession that the 

marketing experts are right: people are social beings rather than individual 

entities, and this is the basis for most of their economic choices.  This 

contradiction has given rise to the observation that if you want blue-sky 

theory, attend an economics lecture; if you want social reality, attend the 

marketing lecture next door.  Many critics have also speculated that this is 

major reason why many students drop economics as a field of study after 

taking one or two introductory courses.2 
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A key heterodox thinker about economic behavior is Paul Ormerod, 

who in 1998 published Butterfly Economics.  In the preface to this book, 

Ormerod states his thesis: 

"In orthodox economics, individuals are not permitted to affect each 

other's behavior directly, and in circumstances where this is a good 

approximation to reality, this offers a powerful explanation of what 

goes on.  But such circumstances are rather limited, and it is more 

usually the case that people or companies are influenced directly by 

what others do.  This leads to a much more complex world, but one 

which offers a better description of reality."3 

To develop a theoretical description of this more complex world, 

Ormerod uses a model developed by fellow economist Alan Kirman.  This 

attempts to understand complex collective behavior by permitting 

individuals to modify their behavior based on the actions of others.  As 

Ormerod says, "The key to the whole process is interacting agents."4  The 

resulting concepts have much in common with chaos theory, which is the 

reason for the book's title - a minor change in initial conditions (the 

flapping of a butterfly's wings) can lead to major changes in the ultimate 

effects (a hurricane thousands of miles away).  It appears to me that ideas 

such as Ormerod's hold great promise for understanding both collective 

economic behavior and seemingly irrational and unpredictable events like 

financial crises and stock market collapses.  These ideas are therefore likely 

candidates for inclusion in the functional framework of contractionary 

economics. 

An important aspect of social reality that is missing from models such 

as Ormerod's is the manipulation of consumers through advertising, 

persuasion, and other forms of social control.  The depth of this 

manipulation was described in 1928 by public relations guru Edward 

Bernays in his insightful little book, Propaganda: 

"... in almost every act of our daily lives ... we are dominated by a 

relatively small number of people ... who understand the mental 

processes and social patterns of the masses.  It is they who pull the 

wires which control the public mind ... ."5 

Bernays urged business people to adopt the wire-pulling approach for 

their own purposes: 

"Mass production is profitable only if its rhythm can be maintained - 

that is, if it can continue to sell its product in steady or increasing 

quantity.  The result is that while, under the handicraft or small-unit 

system of production that was typical a century ago, demand created 
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the supply, today supply must actively seek to create its 

corresponding demand."6 

Thus, while Ormerod makes a theoretical advance by moving from 

individuals to interacting agents, he fails to note that these interactions are 

largely predictable, have been studied extensively by those in power, and 

are consciously directed to capitalist ends. 

 

ECOLOGICAL ECONOMICS 
Ecological economics describes itself as a transdiscipline, or sometimes as 

a field of study, in order to avoid the usual academic term, "discipline".  

Herman Daly and Joshua Farley give two reasons for this position in their 

textbook on the subject: academic specialization has led to the 

fragmentation of knowledge and thus an inadequate response to the 

ecological crisis, and "... ecological economics is still 'under construction', 

and therefore no fully accepted methodologies and tools exist."7  Although 

this theoretical immaturity limits the contributions the field can make to 

contractionary economics, there are three areas where it has impressive 

credentials and where its contributions are therefore likely. 

The first is the expertise that many ecological economists can claim in 

the areas of renewable and nonrenewable resources.  Researchers like 

Cutler Cleveland, Robert Ayres, and Robert Costanza have studied such 

resources and their growing scarcities in detail, and could add scientific 

heft to ENL's treatment of these topics.  Ecological economics could 

therefore help improve the environmental concepts and tools within the 

guiding framework of contractionary economics. 

The second area of strength is policy formation.  Ecological economics 

has avoided the unrealistic mathematical models of standard economics in 

order to remain "... committed to policy relevance".8  What this means is 

that the field strives to provide data, analyses, and recommendations that 

allow governments to enact laws and set standards on environmental 

issues.  To this end, Daly and Farley have proposed what they call "policy 

design principles".  These state that policies should: 

 

 Strive for the necessary macro-control with the minimum sacrifice 

of micro-level freedom and variability; 

 Leave a margin of error when dealing with the biophysical 

environment; 

 Recognize that we always start from historically given initial 

conditions; 

 Be able to adapt to changed conditions.9 
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Principles such as these are essential in the functional framework, 

which deals with the economy as it is currently structured, and is therefore 

responsible for policies that will achieve the objectives established by the 

guiding framework. 

Ecological economics has also done impressive work in a third area - 

the monetary valuation of ecosystem services.  This permits the use of 

cost-benefit analysis to assess a project's social feasibility, and opens 

environmental protection up to various market mechanisms.  In the 

absence of a guiding framework, such valuations can be disastrous 

because they expose nature to the ecocidal logic of capitalism.  In the 

context of contractionary economics, with a guiding framework such as 

ENL firmly in place, such techniques and approaches could help us 

achieve desired ends. 

To summarize what has been said so far, figure 10-1 depicts how 

contractionary economics might be developed: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It should be noted that this proposed structure bears some 

resemblance to that of standard economics.  Standard thought has 

numerous branches, but its main division is between macroeconomics and 

microeconomics.  Macroeconomics deals with the overall functioning of a 

capitalist economy: income levels, the unemployment level, interest rates, 

etc.  Microeconomics deals with the behavior of individuals and firms, in 

particular how they react to incentives and budget constraints.  The 

Figure 10-1: The development of contractionary economics.  ENL contributes to the 

guiding framework alone.  Ecological economics contributes to both the guiding and the 

functional frameworks, whereas heterodox economics contributes predominantly to the 

functional framework. 

Ecological 

Economics 

Heterodox 

Economics 

GUIDING 
FRAMEWORK 

FUNCTIONAL 
FRAMEWORK 

CONTRACTIONARY ECONOMICS 

ENL 



CONTRACTIONARY ECONOMICS  /  231 

guiding framework is analogous to macroeconomics in that it addresses 

aggregates and objectives, while the functional framework is analogous to 

microeconomics in that it addresses operational specifics.  This structural 

split in contractionary economics will likely be reflected by the division of 

the economics profession into guiding economists and functional 

economists.  The background and skills required by the two areas are quite 

distinct, and it is doubtful that the same thinkers can successfully handle 

both sets of tasks. 

The discussion thus far has assumed a progressive stance, which 

permits ENL and the state to play major roles in the economy.  Although 

the details must be left to conservative thinkers, the major change I see in 

the conservative context is to decrease the role of ENL in the guiding 

framework and to correspondingly increase the role of ecological 

economics.  This would create what I call constrained capitalist logic: the 

retention of capitalist logic for most purposes, with the major exception of 

environmental limits. 

Despite their aversion to state participation, conservative 

contractionists may want to selectively use ENL in the guiding framework, 

for two reasons.  First, rapid contraction is faster with ENL than without it.  

This is because ENL considers both human and environmental limits to 

production, whereas constrained capitalist logic considers only 

environmental limits.  Whenever the human limit is lower, an ENL-based 

economy will produce less and thus contribute more to overshoot reversal.  

Second, economic growth has to date softened the effects of economic 

inequity, but these will become brutally apparent during rapid 

contraction.  A conservative society may well decide that it must adopt 

some ENL principles during this period for ethical reasons and to 

maintain social stability. 

 

EVOLUTION OF CONTRACTIONARY ECONOMICS 
Something that has been ignored to this point is the time element in the 

development of contractionary economics.  What I have described thus far 

is the theory's initial appearance, which must occur at the start of an 

economy's transformation in order to drive this process forward.  At this 

early stage, the economy is still predominantly capitalist, and the 

functional framework will have to reflect the realities of the system's 

structure, incentives, and institutions. 

As economic transformation proceeds, however, the economy will 

change in significant ways.  For example, the first steps towards 

sustainable well-being will likely include the curtailment of corporate 
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rights and the placement of tight restrictions on advertising.  These 

modifications will dramatically alter the economic landscape, which 

means that many of the components of the original functional framework 

will have to be modified as well.  Such theoretical shifts will likely 

continue for years, until the logic of capitalism has been entirely 

supplanted and the corresponding institutional changes have been made. 

Rapid theoretical evolution in the functional realm is a sharp 

departure from the past.  Although a capitalist economy undergoes 

changes, it does so in relatively minor ways: new technologies, product 

mixes, trade relationships, etc.  The logic that drives the system, and the 

structural and institutional support for this logic, are fairly stable.  Thus, 

while economic theory has from time to time innovated superficially, as 

with rational expectations and game theory, it is otherwise fixed in its 

principles, tools, and methods.  The development of contractionary 

economics will radically upset this longstanding stability. 

Although much of the theoretical change will occur in the functional 

framework, the guiding framework - whether progressive or conservative 

- is not immune to modification.  In its initial version it will be untested in 

the real world, and its performance will have to be observed carefully as 

objectives are set and results are evaluated.  It may turn out that some of 

the framework’s analytical methods are insufficiently refined, or that 

certain concepts and tools are missing.  It will certainly be true that the 

information it needs to evaluate economic results will not be fully 

available.   While a great deal is known about current economies, this 

knowledge is usually expressed in purely capitalist terms.  In the case of 

ENL, for example, an entirely new statistical infrastructure will have to be 

constructed to express economic outcomes in terms of human health and 

ecological limits.  Although considerable research has been done in both 

areas in recent decades, in most cases the findings are general and provide 

only a crude quantitative basis for economic guidance.  A high priority 

will have to be placed on research that satisfies ENL’s data requirements. 

A final comment: the development of contractionary economics has 

much in common with organic change.  The latter rejects what is clearly 

destructive in capitalism but seeks to retain any features that may be 

useful in the drive towards sustainable well-being.  Similarly, 

contractionary economics rejects economic ideas that are destructive to 

humankind and nature, but retains those concepts, tools, and analytical 

methods that are conducive to contractionary goals.  The shared 

perspective is this: don't throw the baby out with the bathwater.  In other 

words, despite any revulsion we may feel towards a system or theory, we 

must retain our intellectual balance and discard only those elements that 



CONTRACTIONARY ECONOMICS  /  233 

cause the damage we perceive.  Anger is a fine motivator, but it has no 

place in either theoretical development or strategic thought. 

 

 

                                                 

Notes 
1 The main exception is Austrian economics (Ludwig von Mises, Friedrich Hayek, etc.), 
which is the basis for the libertarian version of conservatism. 

2 Student dropouts serve an important function for standard economics: to weed out 
talented students who insist on perceiving the world objectively.  The discipline exists in 
part to obscure the reality of mass manipulation, and methodological individualism is a 
critical component of this deception.  Those who question this core tenet must be 
expeditiously eliminated as prospective members of the discipline.  This is an essential 
aspect of academic gatekeeping. 

3 Paul Ormerod, Butterfly Economics: A New General Theory of Social and Economic Behavior 
(New York: Pantheon Book, 1998), vii. 

4 Ibid., p. 13. 

5 Edward Bernays, Propaganda (Brooklyn: Ig Publishing, 2005), 37.  This book was first 
published in 1928. 

6 Ibid., p. 84. 

7 Herman E. Daly and Joshua Farley, Ecological Economics: Principles and Applications 
(Washington: Island Press, 2004), xvii. 

8 Ibid., p. 43. 

9 Ibid., 360ff.  The authors in fact provide six design principles, but in my view the four 
listed in the text are the most important. 
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Appendix A 

ENL Glossary 
 

NOTE:  Where a term has several variations, these are listed under the 

general term.  Thus, "production efficiency" is listed as "efficiency - 

production".  Significant terms that are not explicitly defined are italicized. 

 

---------------------- 

 

 

Absorption capacity - labor: A population’s ability to minimize labor 

cost.  This is determined by the population’s size and labor saturation 

pattern, and by labor distribution. 

 

Absorption capacity - waste: A population’s ability to minimize a 

waste’s natural cost.  This is determined by the population’s size and 

waste tolerance pattern, and by waste distribution. 

 

Allocation: The social act of assigning an input, or set of inputs, to the 

production of an intermediate or final output.  The output can either 

remain in the local region or be exported. 

 

Biological flow: One of the three natural flow categories that have 

biological effects: habitat destruction, utilization of renewables, and 

expulsion of wastes. 

 

Budget limit: The economic scale that exhausts an environmental budget. 

 

Budget share: The portion of an environmental budget that is allotted to 

a final output.  This allotment is based on the output's marginal health 

gains, relative to the other final outputs that require the flow. 

 

Constrained capitalist logic:   The conservative logic of sustainable 

well-being.  This is equivalent to ENL and ecological economics regarding 

natural limits, but adheres to capitalist logic with respect to well-being. 
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Consumption: The assimilation and utilization of outputs in order to 

satisfy consumption desires. 

 

Consumption capacity: A population’s ability to convert potential value 

into effectual value.  This is determined by the population’s size and 

satiation pattern, and by output distribution. 

 

Cost - input: The direct and indirect effects of production on health, for 

the entire duration of these effects.  The direct effects are called labor cost, 

and the indirect effects are called natural cost. 

 

Cost - labor: The health effects of the labor process.  Labor cost is 

positive when labor decreases health; it is negative when labor increases 

health. 

 

Cost - natural: The global health effects of the environmental changes 

resulting from production.  Natural cost is positive when these effects 

decrease health; it is negative when they increase health. 

 

Distribution: The social acts of assigning final outputs, labor, and wastes 

to individuals. 

 

Ecological limit (economy): An economy's lowest budget limit.  That is, 

the maximum scale that an economy can reach without violating its most 

restrictive environmental budget. 

 

Ecological limit (output): A final output's lowest share limit.  That is, the 

maximum quantity that can be produced without violating the output’s 

most restrictive budget share. 

 

Ecological limit (population): The maximum population that can be 

supported, at a specified rate of average per-capita consumption, by an 

economy at its ecological limit. 

 

Economic logic: The factors that guide an economy’s activities and thus 

determine its main outcomes - the outputs produced and their quantities, 

natural flow rates, and the population level. 

 

Economic scale: An economy’s size for a specific output mix. 
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Economics - contractionary: The economic theory of a contractionary 

society.  It will combine a functional framework with the logic of 

sustainable well-being as the guiding framework. 

 

Economics - ecological: A heterodox theory that focus on environmental 

integrity and the economy's optimal scale. 

 

Economics - heterodox: Various progressive economic theories that 

oppose the narrow mathematical approach and (in most cases) the 

ideologically conservative stance of the standard discipline. 

 

Economics - Marxian: The theory developed by Karl Marx, which 

critically analyzes capitalism based on the labor theory of (exchange) 

value. 

 

Economics - standard: The dominant economic theory of a capitalist 

society.  Also called "neoclassical economics", it both justifies  and helps 

implement the system's economic logic. 

 

Efficiency - allocation: The measure of success in maximizing health 

from the allocation of inputs.  This is a ratio, expressed as a percentage: net 

gains divided by maximum achievable gains. 

 

Efficiency - consumption: The measure of success in maximizing health 

from the consumption of final outputs.  This is a ratio, expressed as a 

percentage: effectual value divided by potential value. 

 

Efficiency - distribution: The measure of success in maximizing health 

in the distribution of final outputs.  This is a ratio, expressed as a 

percentage: effectual value divided by the maximum achievable effectual 

value. 

 

Efficiency - ecological: The measure of the success in minimizing a 

natural flow in production.  This is a ratio: output quantity divided by 

flow quantity. 

 

Efficiency - economic: The summary measure of an economy's success 

in transforming inputs into health.  This is a ratio: net gains divided by 

input quantity. 
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Efficiency - production: The measure of the success in generating 

potential gains through production.  This is a ratio: potential gains divided 

by input quantity. 

 

Environmental budget: The maximum rate of a biological flow that does 

not cause ecological degradation. Thus, the maximum rates of habitat 

destruction, utilization of renewables, and expulsion of wastes that do not 

cause cumulative or destructive effects in the environment. 

 

Environmental expenditure: The quantity of a biological flow used in 

production, relative to its environmental budget.  Nonrenewable 

resources, which have no environmental budgets, are subject to depletion 

rather than expenditure. 

 

Forgone health:  The sacrifice made in allocation; thus, the health that 

would have been achieved by producing the best alternative output from a 

set of inputs. 

 

Functional framework: A conceptual structure that addresses an 

economy's operational mechanisms.  A functional framework cannot set 

economic objectives.   Compare: "guiding framework". 

 

Gain: A health increase that considers either consumption or production, 

but not both.  Positive effectual value and negative input cost is each a 

gain.  Compare: “loss”. 

 

Gains: A health increase that results from consumption and production, 

taken together.  Gains are equal to effectual value minus input cost, when 

the first is greater than the second.  Compare: "losses". 

 

Gains - net: Gains minus losses. 

 

Gains - potential: The maximum possible gains from the production of a 

final output, equal to its delivered potential value (after transportation) 

minus its input cost. 

 

Guiding framework: A conceptual structure that establishes the 

objectives that an economy must achieve in order to attain its stated goal.  

ENL is a guiding framework with the goal of sustainable well-being.   

Compare: "functional framework". 
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Human efficiencies: The five efficiency measures (allocation, production, 

consumption, distribution, and economic) that refer to health in their 

definitions.  Excluded is ecological efficiency. 

 

Humankind - future: People who will be alive in the future, and who 

will therefore experience the consequences of economic decisions made by 

present humankind. 

 

Humankind - present: People who are currently alive, and who 

therefore make economic decisions that will impact future humankind. 

 

Individual net gains: The net gains achieved by an individual from 

consumption (effectual value) and production (input cost) over a specified 

period of time. 

 

Input: A resource used in production, such as labor, natural materials, 

productive assets like machines and buildings, and various services 

(accounting, legal, janitorial, etc.). 

 

Labor: The human input to production.  Labor includes all activities, such 

as transportation to and from the work site, that are immediately 

necessary for workers to engage in production. 

 

Labor productivity:  The quantity of an intermediate or final output 

produced per unit of labor time. This is a ratio: output quantity divided by 

labor time. 

 

Labor saturation: The exhaustion of an individual’s capacity to engage in 

labor without incurring labor cost, due to the physical constitution of the 

human body.  Labor saturation is analogous to waste tolerance and output 

satiation. 

 

Limit - impact: The maximum output rate that allows the biosphere to 

absorb the resulting environmental effects without damage or 

degradation. 

 

Limit - resource: The maximum sustainable output rate in the absence of 

nonrenewable resources. 

 

Logic of sustainable well-being: An economic logic designed to guide 

the economy towards environmental sustainability and human well-being.  



240  /  THE ECONOMICS OF NEEDS AND LIMITS 

The author's proposal for the progressive version is ENL.  The 

conservative version is called constrained capitalist logic. 

 

Long run: The relatively long-term future, during which physical as well 

as behavioral changes are possible in the economy.  Compare: “short run”. 

 

Loss: A health decrease that considers either consumption or production, 

but not both.  Negative effectual value and positive input cost is each a 

loss.  Compare: “gain”. 

 

Losses: A health decrease that results from consumption and production, 

taken together.  Losses are equal to input cost minus effectual value, when 

the first is greater than the second.  Compare: "gains". 

 

Lost potential health: The health that is unrealized when an individual 

dies as a result of consumption or production.  The lost health is calculated 

from the date of death to the expected date of death. 

 

Maldistribution: Distribution that fails to maximize aggregate health.  

More specifically: the distribution of a final output to consumers who do 

not have the highest consumption capacities, and the distribution of labor 

and wastes to individuals who do not have the highest absorption 

capacities. 

 

Natural flow: An interaction between nature and the economy.  Four 

categories are recognized: habitat destruction, utilization of renewables, 

expulsion of wastes, and utilization of nonrenewables.  The first three are 

called biological flows. 

 

Need: A consumption desire that increases health when it is satisfied.  

Compare: “want”. 

 

Negated gains: The reduced gains resulting from the decrease in an 

output's quantity during rapid contraction. 

  

Negated impact: The reduced environmental impact resulting from the 

decrease in an output's quantity during rapid contraction. 

 

Negated losses: The reduced losses resulting from the decrease in an 

output's quantity during rapid contraction. 
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Optimum scale: The economy's scale where the marginal input cost of 

total outputs equals their marginal effectual value. 

 

Optimum quantity (final output): The output quantity where marginal 

input cost equals marginal effectual value.  This is also referred to as the 

output’s economic limit. 

 

Optimum quantity (intermediate output): The minimum quantity of an 

intermediate output required for the optimum quantities of all associated 

final outputs. 

 

Optimum population: The population level that maximizes a society's 

average individual net gains based on scale effects. 

 

Output: An object or service that is consumed or utilized.  This can refer 

to either a final output or an intermediate output. 

 

Output - final: An output that is directly consumed or utilized to satisfy 

consumption desires. 

 

Output - intermediate: An output that is not directly consumed or 

utilized to satisfy consumption desires, but is instead employed in the 

production or consumption of other outputs. 

 

Output - irrational: An output whose input cost is greater than its 

effectual value at all quantities.  The optimum and target quantities for 

such an output are zero. 

 

Output life cycle: All stages of a final output's economic existence, 

including the extraction of natural resources, the production of associated 

intermediate outputs, the production of the final output itself, its 

consumption and maintenance, and its eventual recycling or disposal. 

 

Output losses: The negation of outputs after they have been produced.  

In the production sphere (during transportation and storage) these reduce 

potential value.  In the consumption sphere (after delivery to points of 

distribution) these reduce effectual value. 

 

Output rate: The quantity of outputs produced by an economy over a 

specified period of time. 
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Overshoot: Impact overshoot and resource overshoot, collectively. 

 

Overshoot - impact: Violation of the impact limit. 

 

Overshoot model: An extension to ENL that makes the three overshoot 

factors - population, average consumption rate, and ecological efficiencies 

- clearly visible, permitting effective ENL analysis during overshoot 

reversal or collapse management. 

 

Overshoot - resource: Violation of the resource limit. 

 

Overshoot reversal: Any combination of rapid contraction and increased 

ecological efficiencies that reverses impact and resource overshoot. 

 

Physical health index: ENL's preliminary method for measuring an 

individual's physical health level, thus providing the basis for a 

prospective health unit. 

 

Production: The economic conversion of inputs into outputs. 

 

Rapid contraction: The sharp decrease in an economy's rate of 

production and consumption. 

 

Sacrifice:  What is given up when inputs are allocated to, and then used 

in, production.  ENL recognizes two types of sacrifice: forgone health, 

which relates to the allocation of inputs to production, and input cost, 

which relates to the production process itself. 

 

Satiation: The exhaustion of an individual’s capacity to absorb final 

outputs without a decrease in marginal effectual value, due to the physical 

constitution of the human body.  Satiation is analogous to labor saturation 

and waste tolerance. 

 

Scale effects: The opportunities for cooperation, specialization, exchange, 

and trade that initially accompany a rising population. 

 

Scope - analytical: The set of economic topics for which ENL takes 

analytical responsibility: humankind's allocation, production, distribution, 

and consumption. 
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Scope - geographical: The analyst’s choice of the geographical area to 

which ENL-based analysis applies.  Geographical scope is either global or 

regional. 

 

Share limit: The quantity of a final output that exhausts a budget share. 

 

Short run: The relatively near-term future, during which behavioral but 

not physical changes are possible in the economy.  Compare: “long run”. 

 

Sustainability: The absence, through reversal or avoidance, of overshoot. 

 

Sustainability - impact: The absence, through avoidance or reversal, of 

impact overshoot. 

 

Sustainability - resource: The absence, through avoidance or reversal, of 

resource overshoot. 

 

Sustainable well-being: ENL’s economic goal: the achievement of impact 

sustainability, resource sustainability, and global well-being. 

 

Target flow rate: For the current population, the natural flow rate 

required for the production of target output quantities, at the highest 

achievable ecological efficiencies. 

 

Target quantity (final output): For the current population, the lower of 

an output's optimum quantity and ecological limit. 

 

Target quantity (intermediate output): For the current population, the 

minimum quantity required for the target quantities of all associated final 

outputs. 

 

Target population: The lower of a population’s optimum level and its 

ecological limit. 

 

Target scale: For the current population, the lower of an economy's 

optimum scale and ecological limit. 

 

Technological complexity: The extent to which technology is employed 

in the economy.  See "technological neutrality". 
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Technological intensity: The extent to which technology substitutes for 

autonomous human action in a labor process. 

 

Technological neutrality: The principle that technological complexity is a 

social choice, and is therefore irrelevant for judging economic performance 

or progress. 

 

Total outputs: All the outputs produced by an economy. 

 

Trade: The physical movement of an output from the region where it is 

produced (export) to another region where it is consumed (import).  

Analytically, trade can arise only when the analyst chooses regional 

geographical scope. 

 

Value - effectual:  The realization of potential value, and therefore the 

actual health effect from the consumption of a final output.  Effectual 

value can be positive, negative, or zero. 

 

Value - potential: The maximum capacity of a final output, over the 

duration of its useful existence, to affect health.  Potential value can be 

positive, negative, or zero. 

 

Want: A consumption desire that does not increase health when it is 

satisfied. Wants are divided into two categories: sanctioned (socially 

approved) and unsanctioned (socially rejected).  Compare: “need”. 

 

Waste tolerance: The exhaustion of an individual’s capacity to absorb a 

waste without incurring natural cost, due to the physical constitution of 

the human body.  Waste tolerance is analogous to labor saturation and 

output satiation. 

 

Well-being: Part of ENL's economic goal: the achievement of maximum 

health from production and consumption (individual net gains) plus the 

satisfaction of all sanctioned wants. 
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Appendix B 

Physical Health Index 
 

 

 

Reasonably accurate quantification of an individual's health level can be 

achieved in ENL through the application of the physical health index 

(PHI).  Such indexes are common in the field of health measurement and 

have been constructed for a variety of purposes.1  One PHI, for example, 

permits the evaluation of social policies relating to assisted living facilities.  

Another helps to assess the need for medical interventions.  ENL's PHI is 

intended to reflect the health changes resulting from consumption and 

production.  It is based on the high-level abstraction shown in figure B-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ENL is primarily concerned with the physical effects of economic 

activities on the human body.  These effects can be measured through 

changes in the body's capacity to interact with the outside world.  Such 

interactions include the use of speech, the five senses, the sexual organs, 

and the four limbs, plus the vitality, strength, endurance, resilience, etc. 

required to make these interactions efficient and enjoyable.  Following the 

prevailing convention within the health measurement field, these people-

world interactions are referred to as functioning.  This term should not be 

confused with the "functional theories" discussed in the text. 

For the purposes of this model, the human body is seen as a 

combination of vital and non-vital structures.  Non-vital structures are 

Figure B-1: General PHI model  
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those that do not cause death when they are destroyed.  This holds true for 

the senses, the limbs, and the other components associated with 

functioning.  Vital structures are those that do cause death when they are 

destroyed and their activities are not replaced.  This holds true for many 

internal organs, such the heart, liver, lungs, intestines, kidneys, and brain.  

The non-vital structures interact with the world, thus accounting for much 

of humankind's experiences, while the vital structures provide 

physiological support for the non-vital structures.  Figure B-2 shows the 

PHI model in more detail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most health indexes range from zero (death) to either 1.0 or 100 

(maximum achievable health).  The PHI model used in ENL adopts 0 for 

death, but a socially-determined number for maximum health.  This is 

discussed below.  Some current health indexes permit negative numbers 

on the assumption that certain excruciating health experiences can be 

deemed "worse than death".  This possibility must be recognized in the 

medical field to judge the need for medical intervention, but it has little 

relevance to economics and is not used in ENL. 

Based on the abstraction above, ENL's PHI is a combination of the 

health of the vital structures and the health of the non-vital structures.  

This means that two sub-indexes are required. These are called the support 

index for vital structures and the functioning index for non-vital structures.  

The overall index must be constructed in such a way that the complete loss 

of any vital structure results in a PHI of 0 - that is, death.  There is no such 

requirement for the complete loss of a non-vital structure. 

Consider the support index first.  The effectiveness of the heart or liver 

in performing its intended tasks can be scored on a scale of 0 (non-
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Figure B-2:  Detailed PHI model  
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operation) to 1.0 (full operation).  Because the vital structures are internal 

and can only be analyzed by specialists, this score must be assigned by a 

medical expert, based on empirical tests. 

The functioning index differs significantly from the support index.  

Unlike the vital structures, the non-vital structures are external and 

mediate the human experience of the world.  They can thus be assessed by 

the non-specialist, and establishing their maximum scores is a matter of 

non-specialist judgment. 

The absolute scores assigned to fully effective non-vital structures are 

irrelevant.  What matters is their relative scores, reflecting the relative 

importance of these structures to the social group.  For example, an eye 

could be given an arbitrary maximum score of 100, and the group could be 

asked which fully operational limb or limbs (if any) they would sacrifice to 

keep the eye.  The details of such surveying and data interpretation must 

be left to experts in the field.  The result of their efforts will be a set of 

relative scores for the non-vital structures that can be summed to give the 

maximum score for the functioning index. 

The actual effectiveness of an eye, arm, etc. in performing its evolved 

tasks can, like a vital structure, be scored on a scale of 0 (non-operation) to 

1.0 (full operation).  This score can be assigned by a medical expert, based 

on empirical tests, in conjunction with the person's experience in using the 

structure.  From my research it appears that the health measurement field 

is highly mature in making such joint determinations. 

To meet the requirement that a score of 0 for any vital structure results 

in a PHI of 0, the individual vital scores can be multiplied together, and 

the support index can be multiplied by the functioning index.  Alternative 

mathematical operations are possible, and should be considered by 

experts.  Summarizing the above mathematically, using V1 etc. for vital 

structures and NV1 etc. for non-vital structures, we have the following: 

 

Support Index (SI)  =   V1 * V2 * ... * Vn 

Functioning Index (FI)  =   NV1 + NV2 + ... + NVn  

Physical Health Index (PHI)  =   SI * FI 

 

Following are several examples for illustration.  For simplicity, I 

assume that there are only three vital structures and three non-vital 

structures.  Each non-vital structure has an assumed maximum score of 

100, for a maximum functioning index of 300. 
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Example 1: 

A non-vital structure is lost.  The other non-vital structures, and all 

vital structures, have perfect scores. 

FI = 100 + 100 + 0 = 200 

SI = 1.0 * 1.0 * 1.0 = 1.0 

PHI = 200 * 1.0 = 200 

 

Example 2: 

Two non-vital structures lose 60% of their operational effectiveness.  

The other non-vital structure, and all vital structures, have perfect 

scores. 

FI = 40 + 40 + 100 = 180 

SI = 1.0 * 1.0 * 1.0 = 1.0 

PHI = 180 * 1.0 = 180 

 

Example 3: 

A vital structure loses 50% of its operational effectiveness.  The other 

two vital structures, and all non-vital structures, have perfect scores. 

FI = 100 + 100 + 100 = 300 

SI = 1.0 * 1.0 * 0.5 = 0.5 

PHI = 300 * 0.5 = 150 

(The partial failure of a single vital structure means significant 

health loss.) 

 

Example 4: 

All three vital structures lose 60% of their operational effectiveness.  

All non-vital structures have perfect scores. 

FI = 100 + 100 + 100 = 300 

SI = 0.4 * 0.4 * 0.4 = 0.064 

PHI = 300 * 0.64 = 19.2 

(The partial failure of multiple vital structures means massive 

health loss.) 

 

Example 5: 

A vital structure is lost.  The other two vital structures, and all non-

vital structures, have perfect scores. 

FI = 100 + 100 + 100 = 300 

SI = 1.0 * 1.0 * 0.0 = 0.0 

PHI = 300 * 0.0 = 0.0 

(The individual is dead.) 
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Using the above index, or a more sophisticated version arising from 

professional involvement in the ENL project, it should be possible to 

gauge an individual's health level with reasonable accuracy.  The more 

challenging problem, calling for considerable research, is to determine 

how health levels change as a function of economic activities under 

various conditions.  To the best of my knowledge, no-one has yet tackled 

any aspect of this important work. 

 

 

                                                 

Notes 
1 Primary source: Ian McDowell, Measuring Health: A Guide to Rating Scales and 
Questionnaires, third edition (New York: Oxford University Press, 2006).  Especially useful 
are pp. 10-30, where the theoretical and practical issues surrounding health measurement 
are outlined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



250  /  THE ECONOMICS OF NEEDS AND LIMITS 

                                                                                                          
 



INDEX  /  251 

 

Index 
 

 
absorption capacity, 72 

aggregation problem, 106 

Albert, Michael, 36 

allocation, 22, 39, 55ff  

analytical scope, 5 

Ayres, Robert, 229 

Baumol, William, 88n 

Bentham, Jeremy, 106 

Bernays, Edward, 228 

biological flows, 11, 122 

Bloom, Barry, 48 

Bookchin, Murray, 69 

Braverman, Harry, 169ff, 182 

Bright, James R., 169 

Brownlee, Donald, 20n 

Brundtland Report, 14 

budget limit, 132 

budget share, 127  

Burke, Edmund, 124 

Campbell, Colin, 145 

Catton, William, 122, 148 

China, 126, 219  

Cleveland, Cutler, 229 

coal, 145 

commensurability, 25, 84, 86, 188 

comparative advantage, 190 

Congo, 201, 203n 

constrained capitalist logic, 231 

consumption, 22ff 

contractionary economics, 225ff 

contractionism, 222 

cost  

ENL's approach, 87 

input, 64 

history of, 57 

labor, 64 

natural, 73 

Costanza, Robert, 52n, 229 

crowding, 45, 78 

Cuba, 152, 154n 

Daly, Herman, 19n, 28, 51n, 53, 

125, 229 

Darwin, Charles, 3,  

deaths from consumption, 47 

deaths from production, 79 

delivered potential value, 39 

Diamond, Jared, 3, 4f  

disability-adjusted life years 

(DALY), 48 

distribution, 22, 35, 49 

division of labor, 167, 180ff 

durability, 110 

Dyson, Freeman, 20n 

ecological economics, 10, 25, 52n, 

140f, 227, 229f 

ecological footprint, 216 

ecological limit (economy), 132 

ecological limit (single 

output), 129 

ecological limit (population), 162 

economic abstraction, 8 

economic growth, 109 

economic limit, 101 

economic logic, vii, 4, 222 

efficiency 

allocation, 81 

consumption, 43 

distribution, 43 

ecological, 44, 135 

economic, 118 

production, 82 



252  /  THE ECONOMICS OF NEEDS AND LIMITS 

enoughness, 101 

environmental budget, 124 

equality, 2, 113 

ethical stance, 1 

Ewald, Paul, 68 

exchange-value, 23, 226 

externalities, 74, 173 

Farley, Joshua, 19n, 229 

Feynman, Richard, 20n 

Fisher, Irving, 29 

flow rate patterns, 141 

forgone health, 63, 81 

fossil fuels, 19n 

Frank, Robert, 61 

functional framework, 5, 26, 227, 

230  

future humankind, 122, 151 

geographical scope, 7 

Galbraith, John Kenneth, 20n 

Gini coefficient, 114 

Gold, Thomas, 19n 

Goodwin, Neva, 6 

guiding framework, 5, 227 

habitat destruction, 11, 74, 125, 

144 

Harrison, Paul, 3, 27, 45 

health-adjusted life years 

(HALY), 48 

health standard, 26 

health unit, 29 

Heilbroner, Robert, 122 

Heinberg, Richard, 145 

heterodox economics, 226, 227 

Hobbes, Thomas, 18n 

Hochschild, Adam, 200 

Hubbert, M. King, 145 

human economics, 16 

human efficiencies, 44  

Hunt, E.K., 190 

indifference curve, 209 

individual net gains (ING), 113 

inequality, 114 

initial potential value, 39 

International Linear Collider, 81 

IPAT formula, 138 

irrational outputs, 102, 220 

Jevons paradox, 138 

Keynes, John Maynard, viii, 174 

Knight, Frank, 57 

Kropotkin, Peter, 69 

labor productivity, 65, 167ff 

labor saturation, 72 

Laffer curve, 17 

Levins, Richard, 4 

life-cycle input cost, 80 

Lipsey, Richard, 20n, 65 

local self-sufficiency, 202 

long run, 94, 110,  141 

lost potential health, 48, 79, 103 

Luddism, 181 

macroeconomics, 230 

maldistribution 

final outputs, 39 

labor, 72 

wastes, 75 

marginal analysis, 14 

Marshall, Alfred, 33, 57 

Marx, Karl, 23, 57, 181 

Marxian economics, 226 

measurement standard, 26 

Melville, Herman, 68 

microeconomics, 230 

Mill, John Stuart, 3, 182 

natural capitalism, 25 

natural flows, 11, 126, 135 

needs, 49 

negated gains, 221 

negated impact, 219 

negated loss, 220 

net gains, 99 

nonrenewables, 11, 144 

oil depletion protocol, 145 



INDEX  /  253 

 

Ophuls, William, 153n 

opportunity cost, 57, 58, 63, 81 

optimization, 14, 94 

optimum labor productivity, 176 

optimum output quantity, 95 

optimum population level, 159  

optimum economic scale, 106 

organic change, 232 

Ormerod, Paul, 228 

Orwell, George, 102 

output  

final, 10 

intermediate, 10 

output life cycle, 12, 62, 79 

output losses, 38  

output rate, 206 

overproduction, 99 

overshoot 

 four approaches, 222 

 impact, 121, 210 

 resource, 121, 212 

overshoot model, 209 

Packard, Vance, 51n 

Pawlick, Thomas, 68 

perfect distribution, 40  

physical health index (PHI), 29, 

245 

Pigou, A.C., 153n 

pluralism, 6 

Ponting, Clive, 50n, 175 

population, 157ff 

potential gains, 83 

potential years of life lost 

(PYLL), 48 

Potts, Rick, 15 

present humankind, 123 

production, 55ff  

quantification, 16  

ranking production facilities, 85 

recycling, 137 

renewables, 11, 144 

resources  

degradable, 60 

non-degradable, 60 

Ricardo, David, 23, 190 

Robinson, Joan, 38 

Ruskin, John, 31 

sacrifices, 59 

Sapolsky, Robert, 171 

satiation, 36 

Sauper, Hubert, 200 

Say, Jean-Baptiste, 169 

scale effects, 160 

Schumacher, E.F., 14, 69, 82 

Schumpeter, Joseph, 16, 158 

scope 

analytical, 5 

geographical, 7 

share limit, 129 

short run, 94 

Simon, Julian, 29 

Singh, Narindar, 101 

Smith, Adam, 23, 52n 

Solow, Robert W., 154n, 159 

Strahan, David, 154n 

standard economics, 6, 14, 226 

sustainability 

 impact, 207 

 resource, 207 

sustainable well-being, 2, 26, 159 

Tainter, Joseph, 4 

target flow rates, 139 

target output quantity, 133 

target population level, 163 

target scale, 135 

technological complexity, 4, 142, 

160, 177 

technological intensity, 168 

technological neutrality, 2 

Thompson, E.P., 184n 

trade, 187ff 

transportation, 189 



254  /  THE ECONOMICS OF NEEDS AND LIMITS 

underproduction, 99 

unrealized gains, 100, 112 

Ure, Andrew, 181 

use-value, 23, 50n 

utility, 23 

value  

effectual, 35 

 ENL's approach, 87 

history of, 23 

potential, 31 

wants, 49, 86, 148, 164 

sanctioned, 49, 86, 148 

unsanctioned, 49, 219 

Ward, Peter, 20n 

Waring, Marilyn, 63 

wastes, 11, 75, 144 

waste tolerance, 76 

well-being, 86 

worker participation rate, 69 

WWF, 125 

Zerzan, John, 18n 



INDEX  /  255 

 

 
 

 



 

 



 


