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Can the Supply of Natural Resources—
Especially Energy—Really Be Infinite?
Yes!

A professor giving a lecture on energy declares that the world will perish in
seven billion years’ time because the sun will then burn out. Cne of the audience
becomes very agitated, asks the professor to repeat what he said, and then,
completely reassured, heaves a sign of relief, “Phew! I thought he said
seven million years!”

Sauvy 1976)

[My economic analyses. rest on] some principles which are uncemmont, and which
may seem too refined and subtile for such vulgar subjects. H false, let them be
rejected. But no one ought 1o enter a prejudice against them, merely because
they are out of the common road.

(David Hume, Essays, 1777 [1987])

[ilt is necessary for the very existence of science that minds exist which do not
allow that nature must satisfy some preconceived conditions.
(Richard Feynman, The Character of Physical Law, 1994

Few arguments are more dangerous than the ones that “feel” right but can't be. -
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{'Stephen Jay Gould, The Mismeasure of Mar, 1981)

CriarTER 2 showed that natural resources, properly defined, cannot be mea-
sured. Here I draw the logical conclusion: Natural resources are not finite. Yes,
you read correctly. This chapter shows that the supply of natural resources is
not finite in any economic sense, which is one reason why their cost can
continue to fall indefinitely

On the face of it, even to inquire whether natural resources are finite seems
like nonsense. Everyone “knows” that resources are finite. And this belief has
led many persons to draw unfounded, far-reaching conclusions about the fu-
ture of our world economy and civilization. A prominent example is the Limits
to Growth group, who open the preface to their 1974 book as follows.

Meost people acknowledge that the earth is finite. . . . Policy makers generally assume
that growth will provide them tomorrow with the resources required to deal with
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today’s problems. Recently, however, concern about the consequences of population
growth, increased environmental pollution, and the depletion of fossil fuels has cast
doubt upon the belief that continuous growth is efther possible or a panacea.!

(Note the rhetorical device embedded in the term “acknowledge” in the first
sentence of the quotation. It suggests that the statement is a fact, and that
antyone who does not “acknowledge” it is simply refusing te accept or admis
it} For many writers on the subject, the irevitable depletion of natural re-
sources is simply not open te question. A political scientist discussing the

_relationskip of resources to national security refers to “the incontrovertible

fact that many crucial resources are nonrenewable.” A high government en-
ergy official says that views that “the worlds oil reserves . . .'are sufficient to
meet the worlds’ needs” are “fatuities.”*

The idea that resources are finite in supply is so pervasive and influential
that the President’s 1972 Commission on Population Growth and the Ameri-
can Future (the most recent such report) based its policy recommendations
squarely upon this assumption. Right at its beginning the report asked,

What does this nation stand for and where is it going? At some point in the fature, -
the fmite earth wifl not satisfactotily accommodate more human beings—nor will
the United States. . . . It is both proper and in our best interest to participate fully in
the worldwide search for the good life, which must include the eventual stabilization
of our numbers * o

The assurnption of finiteniess indubitably misleads many scientific forecast-

ers because their conclusions follow inexorably from that assumption. From =
_ the Limits to Growth team again, this time on | food: “The world model is based . ...

e N R

on’ the fundamental assumption that there is an upper limit to the total
amount of food that can be produced annually by the world’s agricultural
system.”

The idea of finite supplies of natural resources led even a mind as powerful
as Bertrand Russells into error. Here we're not just analyzing casual opinions;
all of us necessarily hold many casual opinions that are Iudicrously wrong
simply because life is far too short for us to think through even a small fraction
of the topics that we come across. But Russell, in a book ironically titled The
Impact of Science on Society, wrote much of a book chapter on the subject. He
worried that depletion would cause social instability

Raw materials, in the long run, present just as grave a problem as agriculture. Corn-
wall produced tin from Phoenician times until very lately: now the tin of Cornwall
is exhausted. . . . Sooner or later all easily accessible tin will have been used up, and
the same is true of most raw materials. The most pressing, at the moment, is oil. . . .
The world has been living on capital, and so long as it remains industrial i must
continue to do so. This is one inescapable though perhaps rather distant source of
instability in a scientific society® '
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Nor is it only noneconomists who fall into this error (2lthough economists
are in less danger here because they are accustomed to expect economic ad-
justment to shortages). John Maynard Keyness contemporaries thought that
he was the cleverest person of the century But on the subject of natural re-
-sources—and about population growth, as we shail see later—he was both
fgnorant of the facts and stupid (an adjective I never use except for the fa-
mously clever) in his dogmatic logic. Tn his world-renowned The Economic
Consequences of the Peace, published just after World War 1, Keynes wrote that
Europe could not supply itself and scon would have nowhere to turmn:

[Bly 1914 the domestic requirements of the United States for wheat were approach-
ing their production, and the date was evidently near when there would be an ex-
portable surplus only in years of exceptionally favorable harvest. . . .

Europe’s claim on the resources of the New World was becoming precarious; the
law of diminishing Teturns was at last reasserting itself, and was making it necessary
year by year for Europe to offer a greater quantity of other commeodities to obtain the
same amount of bread. . . . If France and ltaly are to make good their own deficien-
cies in coal from the output of Germany, then Northern Europe, Switzerland, and

Austria . . . must be starved of their supplies.”

All these assertions of impending scarcity turned out to be wildly in error.
So much for Keyness wisdom as an economist and a seer into the future.
Millions of plain American farmers had a far better grasp of the agricultural
reality in the 1920s than did Keynes. This demonstrates that one needs o
know history as well as technical facts, and not just be a clever reasoner.

temporary considerations, as the joke at the head of the chapter suggests.

Just as in Keynes’s day, the question of finiteness is irrelevant to any con- .

Nevertheless, we must discuss the toplc ‘because of its centrahty in s0 much ,

mtemporary deoms

The argument in this chapter is very counterintuitive, as are most of the
ideas in this book. Indeed, science is most useful when it is counterintuitive.
But when scientific ideas are sufficiently far from “common sense,” people will
be uncomfortable with science, and they will prefer other explanations, as in
this parable:

Iy e o

Imagine for the moment that you are a chieftain of a primitive tribe, and that I am
explaining to you why water gradually disappears from an open container. I offer the
explaration that the water is comprised of a lot of invisible, tiny bits of matter mov-
inig at enormous speeds. Because of their speed, the tiny bits escape from the surface
and fly off into the air. They go undetected because they are so srnall that they cannot
be seen. Because this happens continuously, eventually all of the tiny, invisible bits
fly info the air 2nd the water disappears. Now I ask you: “Is that a rational scientific
explanation?” Undoubtedly, you will say yes. However, for a primitive chief, it is not
believable. The believable explanation is that the spirits drank it?
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But because the ideas in this chapter are counterintuitive does not mean
that there is not 2 firm theoretical basis for holding them.

-The Theory of Decreasing Natural-Resource Scarcity

_ Peoples response to the long wend of falling raw-material prices often resem-

bles this parody: We look at a tub of water and mark the water level. We assert
that the guantity of water in the tub is “finite.” Then we observe people dip-
ping water out of the tub into buckets and taking them away Yet .when we
re-examine the tub, lo and behold the water level is higher (analogous to the
price being lower) than before. We believe that no one has reason to put water

‘into the tub (as no one will put oil into an oil well), so we figure that some

peculiar accident has occurred, one that is not likely to be repeated. But each
time we returs, the water level in the tub is higher than before—and water is
selling at an ever cheaper price (as oil is). Yet we simply repeat over and over
that the quantity of water must be finite and cannot continue to increase, and

" that’s all there is to it.

Would not a prudent person, after a long series of rises in the water-level,
conclude that perhaps the process may continue—and that it therefore makes
sense to seek a reasonable explanation? Would not a sensible person check
whether there are inlet pipes to the tub? Or whether someone has developed

a process for producing water? Whether people are using less water than be- -

fore? Whether people are restocking the tub with recycled water? It akes

sense to look for the cause of this apparent miracle, rather than clinging to a

simple-minded, fixed-resources theory and asserting that it cannot continue.
Let’ begin with a simple example to see what contrasting possibilities there

_are..(Such simplifying abstraction is 2 favorite. trick of econamistsand zeathe.

maticians.) If there is only Alpha. Crusoe and a single copper mine on an
island, it will be harder to get raw copper next year if Alpha makes a lot of
copper pots and bronze tools this year, because copper will be harder to find
and dig. And if he continues to use his mine, his son Beta Crusoe will have a
tougher time getting copper than did his daddy, because he will have to dig
deeper.

s

Recycling could change the outcome. If Alpha decides in the second year to

replace the old tools he made in the first year, he can easily reuse the old
copper and do little new mining. And if Alpha adds fewer new pots and tools

from year to year, the proportion of cheap, recycled copper can rise year by .

year. This alone could mean a progressive decrease in the cost of copper even
while the total stock of copper in pots and tools increases.

But let us for the moment leave the possibility of recycling aside. Consider
another scenario: If suddenly there are not one but two people on the island,
Alpha Crusoe and Gamma Defoe, copper will be more scarce for each of them
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this vear than if Alpha lived there alonf_:, unless by cooperative efforts they can Discovery of an improved mining method or of 2 substituze such as iron
devise a more complex but more efficient mining operation—say, one man - differs, in a manner that affects future generations, from the discovery of 2 new
getting the surface work and one getting the shaft. (Yes, a joke.) Or, if there are Iode. Even after the discovery of 2 new lode, on the average it will still be more -
two feHOWS_this year instead of one, and if copper is therefore harder 1o get costly to obtain copper, that is, more costly than if copper had never been
and more scarce, both Alpha and Gamma may spend considerable time look- , used enough 1o lead to a “shortage.” But discoveries of improved mining
ing for new lodes of copper. methods and of substitute products can lead to lower costs of the services
Alpha and Gammga may follow still other courses of action. Perhaps they - people seck from copper. ' ) o
will invent better ways of obtaining copper from a given lode, say a better ' Please notice how a discovery of a substitute process or product by Alpha
digging rool, or they may develop new materials to substitute for copper or Gamma benefits innumerable future generations Alpha and Gamma cap-
pethaps iron. not themselves extract nezrly the full benefit from their discovery of iron, (You
The cause of these new discoveries, or the cause of applying ideas.that were - and I still benefit from the discoveries of the uses of iron angd methods of
discovered earlier, is the “shortage” of copper—that is, the increased cost of . processing made by our ancestors thousands of years ago.) This benefit to later
getting copper. So increased scarcity causes the development of its own rem- generations is an example of what economists call an “externality” due 1o
edy. This has been the key process in the supply of natural resources through- Alpha and Gamma3 activities, that is, a result of their discovery that does not
out history. (This process is explored for energy in chapter 11. Even in that , affect them directly, :
special case there is no reason o believe that the supply of energy, even of oil, If the cost of copper to Alpha and Gamma does not Increase, they may
is finite or limited.) not be impelled to develop improved methods and substitutes. If the cost of
Interestingly, the pressure of low prices can also cauge mnovation, as in this getting copper does rise for them, however, they may then bestir themselves
story: ) to make 2 new discovery. The discovery may not immediately lower the cost

(Tn: the] period 1984 to 1986 . .. the producer price of copper hovered around 635
cents per pound. In terms of constant dollars, this was the lowest price since the
great depression of the 19305, . [Slome companies . . . analyzed what needed 1o
be done to be profitable even if the price of copper remained low, . .,

Major copper companies have found ways of feducing their costs. Phelps Dodge
- - . will improve the efficiency of its transportation of rock by use of computer

“scarcity.” o

* This sequence of events explains how it can be that people have been cook-
ing In copper pots for thoisands of years, as well as using the metal for many
other purposes, yet the cost of 2 pot today is vastly cheaper 'byY'any' measure

monitoring and by installing an in-pit crusher, . .. Jir has improved the efficien T e i TS R e T sy e Sl vl A
of its co if con meti & gr &QQE - (] o i ,f AT d,ﬁm_.;f?‘, TSP «—.-.v::w:u-.tw«-‘:eer-’sl’ian-ﬁﬂwas%ﬁ-'if&"nﬂfe& O O O USaT T OF Ten thousand - years ago.
- ¢ 10D, process by smnl R S R T TIOT, TR a T : s e 3 i i i
vy = SRS CORCENUIANAD, process ba Ny T e . Now I'll restate this line of thought into a theory that will appear again and

Ing x-ray fluorescence. The most effective move . . . has been to install equiptnent

e . : ain: More people, and increased income, cause resources to become more
that permits mexpensive . . . production of pure copper from leachates of Wwastes and ag More p P ;

tailings.®
Prices present opportunity and Prompt inventors and entrepreneurs to search
Improved efficiency of COPPer use not only reduces resource use in the _ for solutions Many fail in the search, at cost to themselves But in a free
present, but effectively increases the entire stock of unused resources as well, ; society, solutions are eventually found. And in the longrun the new develop-
For example, an advance in knowledge that leads to 4 1 percent decrease in ments leave us better off than {f the problems had not grisen. That is, prices eventu-
the amount of copper that we need to make electrica] outlets is reuch the same : ally become lower than before the increased scarcity occurred.
as an increase in the total stock of copper that has not yet been mined. And if . It is all-important to recognize that. discoveries of Improved methods.and
we were to make such a 1 percent increase in efficiency for all uses every vear, of substitute products are not just luck. They happen in response to an in-
a 1 percent increase in demand for copper in every future year could be g Crease in scarcity—a rise in cost. Even after a discovery is made, there is a
commodated without any increase in the price of copper, even without any .o good chance that it will not be Put into operation until there is need for it due
other helpful developments. * to mising cost. This is important Scarcity and technological advance are not

faster than the demand, suggesting that resources would be available indefinitely (1986). Because we now have decades of data ro check its predictions, we can learn
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much from the 1952 U.S. governmental inquiry into raw materials—the Pres-
. idents Materials Policy Commission (the. Paley Commission), organized in
response to fears of raw-material shortages during and just after World War IL.
Its report is distingnished by having some of the right logic, but exactly the.
wrong forecasts. ‘

Thereisno completely satisfactory way to measure the real costs of materials over the
long sweep of our history. But clearly the man hours required per unit of output
declined heavily from 1900 to 1940, thanks especially to improvements in produe-
tion technology and the heavier use of energy and capital equipment per worker.
This long-term decline in real costs is reflected i the downward drift of prices of
various groups of materials in relation to the general level of prices in the economy.

[But since 1940 the trend has been] sozting demands, shrinking resources, the
consequences [being] pressure toward rising real costs, the tisk of wartime shortages,
the strong possibility of an arrest or decline i the standard of living we cherish and

hope to share.

The commission went on to predict that prices would continue to rise for the
next quarter-century. However, prices declined rather than rose.
There are two reasons why the Paley Commission’s predictions were topsy-
- turvy. First, the commission reasoned from the notion of finiteness and used
a static technical analysis of the sort discussed in chapter 2.

A hundred years ago resources seemed limitless and the struggle upward from mea-
ger conditions of life was the struggle to create the means and methods of getting
these materials into use. In this struggle we have by now succeeded all 100 well. The
nature of the problem can perhaps be successfully over-simplified by saying that the
" consumption of almost all materials is expanding at compound rates and is thus

- piessing harder and harder against resovirces which whatever else they may be domg: w o o
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The second reason the Paley Commission went wrong is that it locked at
the wrong facts. Its report placed too much emphasis on the trends of costs
over the short period from 1940 to 1950, which included World War 11 and
therefore was almost inevitably a period of rising costs, instead of examining
the longer period from 1900 to 1940, during which the commission knew that
“the man-hours required per unit of output declined heavily "2

Let us not repeat the Paley Commissions mistakes. We should look at
trends for the longest possible period, rather than focusing on a historical blip;
the OPEC-led price rise in all resources after 1973 and then the oil price
increase in 1979 are for us as the temporary 19401950 wartirne reversal was
for the Paley Commission. We should ignore them, and attend instead to the
long-run trends which make it very clear that the costs of materials, and their
scarcity, continuously decline with the growth of income-and technology.
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Resources as Services

As economists or as consumiers we are mterested, not in the resources them-
selves, but in the particular services that resources yield. Examples of such
services are a capacity to conduct electricity, an ability to support weight,
energy tofuel autos or electrical generators, and food calories.

The supply of a service will depend upon (a) which raw materials cap Sup-
ply that service with the existing technology, (b) the availabilities of these
materials at various qualities, (c) the costs of extracting and processing them,
(d) the amounts needed at the present level of technology to supply the ser-
vices that we want; (¢) the extent io which the previously extracted materials
can be recycled, (f) the cost of recycling, (g) the cost of transporting the raw
materials and services, and (k) the social and institutional arrangements in
force. What is relevant 10 us is not whether we can find any lead in existing
lead mines but whether we can have the services of lead batteries at a reason-
able price; it does not matter to us whether thisis accomplished by recycling
lead, by making batteries last forever, or by replacing lead batterics with an-
other contraption. Similarly, we want intercontinental telephone and televi-
sion communication, and, as long as we get it, we do not care whether this
requires 100,000 tons of copper for cables, or a pile of sand for optical fibers,
OT just a single quarter-ton communications satellite in space that uses almost
no material at all.** And we want the plumbing in our homes to CarTy water;
1f PVC plastic has replaced the copper that formerly was used to do the job—
well, that’s fust fine. : '

- This concept of services improves our understanding of natural resources
and the economy. To return to Crisce’s cooking pot, we are iﬁteggst'é&_ ina_

= RS E AT D e T P OV T THE BT SR s With. Alfter fron and aluminam

were discovered, quite satisfactory cooking pots—and pethaps more durabie
than pots of copper—could be made of these materials. The cost that interests
us is the cost of providing the cooking service rather than the cost of copper.
If we suppose that copper is used only for pots and that (say) stainless steel is
quite satisfactory for most purposes, as long as we have cheap iron it does not
matter if the cost of copper rises sky high. (But as we have seen, even the prices
of the minerals themselves, as well as the prices of the services they perform,
have fallen over the years.)* . '

Here is an example of how we develop new sources of the sources we seek.
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Tvory used for billiard balls threatened to tun out late in the nineteenth cen-
tury. As a result of a prize offered for a replacement material, celtuloid was
developed, and that discovery led directly to the astonishing variety of plastics
that now gives us a cornucopia of products (including billiard balls) at prices
so low as to boggle the nineteenth-century mind. We shail discuss this process
ar greater length in the context of energy in chapter 11.

Are Natural Resources Finite?

Incredible as it may seem at first, the term “fnite” is not only inappropriate
but is downright misleading when applied to natural resources, from both
the practical and philosophical points of view. As with many important argu-
ments, the finiteness issue is “just semuantic.” Yet the semantics of resource
searcity muddle public discussion and bring about wrongheaded policy

decisions.

The ordinary synonyms of “finite,” the dictionary tells us, are “countable”
cr “limited” or “bounded.” This is the appropriate place to start our thinking
on the subject, keeping in mind that the appropriateness of the term “finite”
in a particular context depends on what interests us. Also please keep in mind
that we are interested in material benefits and not abstract mathematical enti-
ties per se. (Mathematics has its own definition of “finite,” which can be quite
different from the common sort of definition we need here.)*

* The word “finite” is frequently used in mathematics, in which context we all leamn it as
schoolchildren. The definitior: of “finite” used in this book, however, applies not to marhemarical
entities but rather to physical entities. Therelore, arguments about the marhematical entities and
the mathematical definition of “finite” are not germane here, even though the notion of infinicy
originafly of machematical origin, . . oo
first edifion,, 1 wrote that even in mathematics the word “finite” can be | confasmg (I
appreciate a discussion of this point with Alvin Roth.) For example, consider whether 2 one-inch
line segment should be considered firite. The length of a one-inch line is finite in the sense thar it
is bounded at both ends. But the line within the endpoints contains an infinite number of points
which have no defined size and hence cannot be counted. Therefore, the number of points in that
one-inch segment is not finite. My poine, as [ wrote, was that the appropriateness of the term
“fmite” depends upon what interests us. This paragraph elicited much criticism, and becanse it is
not necessary to the argument, 1 leave it out this time.

When 1 wrote about 2 linet finiteness in the first edition, I did not intend to suggest that the
supply of copper should be considered to be not finite because it could be subdivided ever more
finely; however, what I wrote caused some confusion. 1 meant to say that if we cannot state how
to count the total amount of a resource that could be available in the future, it should not be
considered finite. Buc in cone imporant sense the notion of subdivision is relevant. With the
passage of time and the accumulation of technical knowledge, we learn how to obtain a given
amount of service from an ever-smaller amount of a resource. It takes much less copper now to
pass 2 given message than a hmndred years ago. And much less energy is required to do a given
amount of work than in the past; the earliest steam engines bad an e_Eﬁmency of about 2 percent,
but efficiencies are many times that high now: :
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The quantity of the services we obtain from copper that will ever be avail-
able to us shouid not be considered finite because there is no method (even in
principie) of making an apporpriate count of it, given the problem of the
economic definition of “copper,” the possibility of using copper more effi-
ciently, the possibility of creating copper or its economic equivalent from
other materials, the possibility of recycling copper, or even obtaining copper
from sources beyond planet Earth, and thus the lack of boundaries to the
sources from which “copper” might be drawn. That is, one cannot construct
a working definition of the total services that we now cbrain from copper and
that can eventually be obtained by human beings.'*

This is easier to see now than ever before. After centuries of slow progress
and the use of mostly the familiar materials such as stone, wood, and iron,
sclence is attaining undreamed-of abilities to create new materials. This in-
cludes syntheses of known compounds and also “materials that do not exist in
nature. . . . Instead of trying to modify existing materials, scientists now are
learning to assemble atoms and molecules systematically into new materials
with precisely the properties they need for designs tod demanding for off-the-
shelf resources.™ The first auto engine parts made of silicon and carbon—
water-pump seal rings—are now being installed in Volkswagens, and engines
could soon be made of silicon carbide, cutting weight and emissions in addi-
tion to replacing metals.*® Palladium instead of platinum can now be used in
auto exhaust emission systems.!” Organic plastics can now be blended with
glass to yield a material as strong as concrete but flexible and much lighter '8
And a feasible way has been found to make heat-resistant plastics using gal-
lium chloride.” Ceramics engineering is exploding with new knowledge, &-
nally putting an end to past generations’ worries about running out of metals.

Plastics are now made oaly from fossil fuels or oils from plants grown in

felds, but resgrchegs}_hgggﬁl;gqgnﬂgound MOBXQQ.SW@T%

products as potatoes and corn into direct sources of plastlcs by inserting spe-
cial plastic-producing genes into them 2

In light of these extraordinary developments—-—whlch continue the line of
discoveries since humankind thousands of years ago found a way to convert
iron into a resource by leaming how to work with it—concern about running
out of materials such as copper seems ever less sensible. -

Consider this remark about potential oil and gas from an energy forecaster.
“Its like trymg to guess the number of beans in jar without knowing how big
the jar is.” So far so good. But then he adds, “God is the only one who knows—
and even He may not be sure.”? Of course he is spesking lightly but the
notion that some mind could know the “actual” size of the jar is misleading,

This sort of gain in efficiency fits with Baumol’s line of thought, discussed above, that-an
improvement in productivity not only reduces resource use in the present, but i increases the future
services from the entire stock of resources.
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because it implies that there is a fixed quantity of standard-sized beans. The
quantity of a natural resource that might be available to us—and even more
important the quantity of the services that can eveniually be zendered to us by
that natural resource—can never be known even in principle, just as the num-
ber of points in a one-inch line can never be counted even in principle. Even
if the “jar” were fixed in size, it might yield ever more “beans.” Hence, re-
sources are not finite in any meaningful sense. ,

The entire noticn of the nonfinitetiess of resources such as copper, energy,
and living space may so boggle the mind of some readers as to turn them away
from the rest of the book. I this is so for you, please notice that one can reach
the same practical conslusions from current data and economic theory, with-
out insking the stronger argument about infinite resources, as long as one
accepts that it is silly to worry now about any implications of the proposition
that energy will run out in (say) seven billion years. If the notion of finitude is
quite irrelevant for you, as it is for me, please skip the rest of the discussion on
the subject. But for some other, 1 cannot leave out discussion of the issue,
because it is the basis of their thinking.

Well-wishers have advised me to “admit” that resources are limited to the
capacities of the planet, thinking that this will keep me from “losing credibil-
ity.” And I seem pigheaded to them when I do not follow their advice. But this
is why I continue to argue that these quantities are not finite: The thetorical
difficulty is that as soon as one would “admit” that there are only (say) seven
billion years of energy, some doomsters begin to work backward to argue that
the sun’s measurable size and rate of energy output means that the supply of
energy is finite for next year. But thats physical estimate—its not an eco-
nomic definition of “energy,” any more than copper atoms in the Earth’s crust
is a useful economic definition of “copper.”

B %ﬁﬁgmuhd. Yet there is ample justification even within mathematics itself

for taking the point of view that I do, and mathematical statisticians such as
Barrow and Tipler affirm this. As Tipler puts it, “The laws of physics do not
forbid perpetual economic growth.”*

I continue to stand on the ground of nonfiniteness because 1 have found
that leaving that ground leads to more bad arguments than standing on it,
even though it seems so sttange to many. and I doubt that many peoples
judgment will be affected by what I write on this particular issue. Hence there
is lirtle temptation to trim my sails to this wind, and do that which is offensive
to me—to “admit” something that I do not believe is so.

Bur what if [ am wrong? Certainly it is possible that the cosmos has a count-
able amount of mass/energy. How should we continue with that line of
thought? '

We have seen that even if energy is the relevant constraint for fabricating
new kinds of “raw” materials, one would need 1o take into account, at the very

]
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least, all the mass/energy in the solar system. This amoumnt is so huge relative
to our use of energy, even by many multiples of the present population and
many multiples of our present rates of individual use, that the end of the solar

 system in seven billion years or whenever would hardly be affected by our

energy use now. This should be reason enough to ignore the issue of finitude.

Even if human population and the rate of using energy and materials.
should increase vastly so as to controvert the previous paragraph, there is the
possibility that humans will come to exploit the resources of other parts of the
cosmos, which is so huge relative to the solar system as to render calculations
irrelevant under any conceivable rates of growth. If so, further discussion
would see frivolous. '

Physicist Freeman Dyson, in his book, Infinite in All Directions, takes this
mode of thought much further and theorizes that even if the world were to get
progressively colder forever, it would be possible for human beings to adapt
in such fashion as to stay ahead of the cooling; consequently, he writes,
“Boiled down to one sentence, my message is the unboundedness of life and
the consequent unboundedness of human destiny™ And physicist Frank
Tipler argues, on the basis of the established body of contemporary knowledge
of physics, thar the ultimate constraint is not energy but rather information. -
Because we can increase the stock of information without limit, there is no
need to consider our existence finite.* Of course these arguments are exceed-
ingly abstract, and far from contemporary concerns. I cite these ideas not as
proof that the future of humanity is not finite, but rather as showing that the
doomsayers’ arguments from physics that human existence is not finite are not
consistent with a solid body of reasoning by physicists.

. To restate: A satisfactory operational definition—which is an estimate—of
the quantity of a natural resource, or of the services we now get from it, is the

tell us about the quantities of a resource (or of a particular service) that we
Can expect o receive in any particular year to come, at each particular price,

* The amount of knowledge would not be finite in any meaningful sense, because the stock of
knowledge can grow at a [aster rate than the stock of energy can decline, which would evenmate
ina cushion mach greater than necessary to accommodate the possible growth in human populz-
tion. (I do not give the specifics of such a calculation because doing so would be a waste of time.)

In order to show that we ought to take account of finitude, one would first have to show that
the previous isste—the eventual domination of knowledge rather than energy—is wrong, Then
one would have to show that the probabilities of 2 nonfinite universe and the future exploitation
of the cosmos outside the solar systers are very low, then show some reasonable basis for éaying
that events beyond (say) a thousand or million or more years, ail the way to seven billion years,
would matter for our economic c__hoices now, then show that the likelthood is low that our present
underseanding of the massfenergy relationship is wrong, then show that there is lirtle likelihood

that it is possible to get our needs serviced with ever-smaller amounts of energy. Without some

reasonable argument about every link in that chain, discussion of the fintmde of energy that will
be available to humsans seems wisplaced. : . o
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conditional on other events that we might reasonably expect to know {such as
use of the resource in prior years}. And there is no reason to believe that at any

given moment in the future the available quantity of any natural resource or -
service at present prices will be much smaller than it is now; let alone non-

existent. Only one-of-a-kind resources such as an Arthur Rubinstein concert
or a Michael Jordan basketball game, for which there are no close replace-
ments, will disappear in the future and hence are finite in quantity.

The term “finite” is not meaningful when applied to resources hecause we
cannot say with any practical surety where the bounds of a relevant resource
system lie, or even if there are any bounds. The bounds for Crusoes are the
shores of their island, and so it was for early humans, But then Crusces find
other islands. Humankind traveled farther and farther in search of resources—
finally to the bounds of continents, and then to other continents. When Amer-
ica was opened up, the world, which for Europeans tiad been bounded by
Europe and perhaps by Asia too, was suddenly expanded. Each epoch has
seen a shift in the bounds of the relevant resource system. Each time, the old
ideas about “lmits,” and the calculations of “finite resources” within those
bounds, were thereby falsified. Now we have begun to explore the sea, which
contains amounts of metallic and perhaps energy resources that dwarf any
deposits we know about on land. And we have begun to explore the moon.
Why shouldn’t the boundaries of the system from which we derive resources

_continue to expand in such directions, just as they have expanded in the past?’

This is one more reason not to regard resources as “finite” in principle.
Why do we become hypnotized by the word “finite™ That is an interesting

question in psychology, education, and philosophy. One likely reason is that .

the word “finite” seems to have a precise and unambignous meaning in any
context, even though it does not. Second, we learn the word in the coneext of

hence can be shown logically to be true or false. But scientific subjects are
empirical rather than definitional, as twentieth-century philosophers have
been at great pains to emphasize. Mathematics is not a science in the erdinary
sense because it does not deal with facts other than the stuff of mathematics
itself, and hence such terms as “finite” do not have the same meaning else-
where that they do in mathematics.

Third, rauch of our daily life about Wl‘nch we need to make decisions is
countable and finite—our salaries, the amount of gas in a full tank, the width
of the backyard, the number of greeting cards you sent out last year, or those
you will send out next year. Since these quanuues are finite, why shouldn' the
worlds total possible salary in the future, or the gasoline in the possible tanks.
in the future, or the number of cards vou ought to send out, also be finite?
Though the anzlogy is appealing, it is not sound. And it is in making this
incorrect extension that we go astray in using the term “finite.”
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I think we can stop here. I'm sorry to have taken up your time with this
unless you were sericusly worried beforehand about what wiil happen seven
billion years from now.

Summary

A conceptual quantity is not finite or infinite in itself. Rather, it is finite or
infinite if you make it so—by your own definitions. If you define the subject
of discussion suitably, and sufficiently closely so that it can be counted, then
it is finite—for example, thé money in your wallet or the socks in your top
drawer. But without sufficient definition the subject is not finite—for exam-
ple, the thoughts in your head, the strength of your wish to go to Turkey, your
dog’s love for you, the number of points in a one-inch line. You can, of course,
develop definitions that will make these quantities finite, which shows that
the finiteness inheres in you and in your definitions rather than in the money,
love, or one-inch line themselves. There is no necessity either in legic or in
historical trends to state that the supply of any given resource is “finite,” and '
to do so leads mto error.

Someone coined the label “cornucopians” for those who believe that the
natural resources are available in practically limitless abundance, to contrast
with “doomsters.” But the stream of thought that I represent here is not comu-
copian. I do not suggest that nature is himitlessly bountiful. Rather, I suggest

. that the possibilities in the world are sufficiently great so that with the present

state of knowledge—even without the additional knowledge that human
imagination and human enterprise will surely develop in the future—we and
our descendants can manipulate the elements in-such fashion that we can

goods and to our total incomes. In short, our cornucopia is the human mind.
and heart, and not a Santa Claus natural environment. So has it been through-
out history, and therefore so is it likely to be in the future.
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