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Carrying capacity an

en the tempest arose, “the

mariners were afraid...and

cast forth the wares that

were in the ship into the sea, to
lighten it of chem” (Jonah 1:5 King
James). This passage from the Book
of Jonah anticipates a strategy many
environmentalists recommend to-
day. Nature surrounds us with life-
sustaining systems, much as the sea
supports a ship—a ship that is likely
to sink if it carries too much cargo.
Eavironmenralists therefore urge us
to “keep the weight, the absolute
scale, of the economy from sinking
our biospheric.ark” (Daly 1991a, p.
33). :
This concern about the carrying
capacity of Earth, reminding us of

- the fearful sailors on Jonah's ship,

marks a departure from traditional
arguments in favor of environmen-
tal protection. The traditional argu-
ments did not rest on prudential
considerations. Early environmen-
talists such as Henry David Thoreau
(Shanley 1971) cited the intrinsic
properties of nature, rather than its
economic benefits, as reasons to pre-
serve it. They believed thateconomic
activity had outstripped not its re-
source base bur its spiritual pur-
pose. John Muir condemned the
“temple destroyers, devotees of rav-
aging commercialism” who “instead
of lifting their eyes to the God of the
mountains, lift them to the Almighey
dollar” (Muir 1912, p. 256). This
condemnarion was not a call for
improved cost-benefit analysis.
Nineteenth-century environmental-
ists, seeing that nature is full of
divinity, regarded its protection less
as an economic imperative than as a
moral test.

By opposing a strictly utilitarian
concention of value, wreiters such as

Muir saved whart little of nature

by Mark Sagoff
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they could from what Samuel P.
Hays called che gospel of efficiency
(Hays [1959] 1972). Today, how-

ever, environmentalists themselves

often preach this gospel. They have
developed contingent valuation
methodologies to assign what they
call shadow prices to intrinsic val-
ues. They construct on-line, inte-
grated, mulriscale, ecological eco-
nomic models and assessments, using
the resulrs. of interactive, interdisci-
plinary, adaprtive, synthetic, multi-
facrorial, multiscale, multifunc-
tional, nerworked, compurational,
simulational, cross-cutting, exter-
nally funded research. They address
uncertainties, vulnerabilities, and
surprise scenario forecasts. Thus
they adope the very economic or
utilitarian approach their predeces-
sors deplored.

In this arricle, [ question attemprs
by today’s environmentalists, par-
ticularly those who identify them-
selves as ecological economists, to
vindicate environmental protection
on instrumental grounds. I cast

‘doubt on hopes that the utilitarian

fogic of ecological economics is any
more able than is the logic of main-

Streameconomics to provideastrong

foundation for the cause of environ-
mentalism,

Mainstream versus
ecological economics

Mainstream economists, such as
James Tobin, Robert Solow, and
William Nordhaus, typically state
that nature sets no limits to eco-
nomic growth. Trusting to human
intelligence and ingenuity as people
seek to satisfy their preferences and
achieve well-being, these economists
argue that people can “choose
among an indefinitely large number
of alternacives” (Barnett and Morse
1963). They believe that the earth’s
carrying capacity cannot be mea-

d ecological economics

sured scientifically, because it |
funcrion or arrifact of the state
knowledge and technology.

Ecological economists, in c
trast, believe that sources of r
materials and sinks for wastes (w
they call natural capital) are fi:
and therefore limit the portent
growth of the global economy. Ti
reject the idea that “technology ¢
resource substitution {ingenuity
can continuously outrun depler
and pollution” (Daly 1985,
274-275). Growth faces lim
Herman Daly has written, and
“delude ourselves into thinking t
growth is still possible if only
label it ‘sustainable’ or colot
‘green,’ will just delay the inevica
transition and make it more p:
ful” (Daly 1993, p. 268).

We may also characterize the
ference berween mainstream eco
mists and ecological economists v
reference to the concept of the !
iting factor. According to Daly
his coauthors, we have “entere
new era” in which “the limiting
tor in development is no longer n
made capiral but remaining nat
capital” (Costanza et al. 1991
8). Mainstream economists ar:
however, that if there is a limi
factor in economic production,
knowledge, and that as long
knowledge advances, the econ
can expand. Where there is effec
management, Peter Drucker
written, “that is, the applicatio
knowledge to knowledge, we
always obtain the other resour
(Drucker 1993). He adds: “The
sic resource—‘the means of pro
tion,’ to use the economist’s tet
is no longer capital, nor na
resources (the economist’s ‘la
nor ‘labor.” [t is and will be ku
edge” (Drucker 1993, p. 8I.

The idea that knowledge 1
key resource reflects theorerica
empirical results that Solow

N
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According to Joseph Stiglitz (1990,

sented in the 1950s and summarize
in 1970 (Solow 1936, 1937, 1970).

p. 53) Solow found that economic
growth depends “simply on the rate

(labor-augmenting) technologi-
.l change,” and that “most of the
growth of the economy over the last
century had been due to technologi-
cal progress.” Economists follow-
ing Solow have adopred a standard
model of growth that conrains only
two factors: knowledge and the la-
bor to apply it. This model differs
from the classical model of Ricardo
ind Malchus (Malthus [1836] 1989,
Kicardo [1817] 1951) because
“{natural] resources, the third mem-
ber of the classical triad, have gen-
erally been dropped” (Nordhaus and
Tobin 1972, p. 14).

Mamsueam economists offer at

least three arguments to sHOw that

'}_Eﬁ'é“f’{”'a“ge and'mgenuxty are likely

always to alleviate resource short-
a‘ﬁg&“{@irsr, reserves of natural re-
iources “themselves are actually
functions of technology. The more

dﬁﬁt‘e‘d““tﬁ“é‘ﬁmm

“and services.

reSETVes DECOME KNV ad.recous
erzmm%) Recent
‘examples of reserve-increasing tech-
nologies include the use of bacteria
to leach merals from low-grade ore
and the application of computer
analysis to seismic vibrations to lo-
Zate deposits of oil (Gianturco
1994). As a result of such advances,
reserves of many nonrenewable re-
sources have increased in recent de-
cades, despite rising global consump-
tion. Between 1987 and 1990,
estimates of proven recoverable re-
serves of petroleum, for example,
rose 11.4% and those of natural gas
by 17.9% (WRI 1994)
Z jecond, advances in_technology
(llow us not only tq;m??\?aﬂ-
‘bTeWFé“s"?”" also toemploy
substitutes for resource“’wﬁnit may
b&gms:_s.c,a.r.g___ When malnsteeam
economists speak of substitutabil-
ity, they generally refer to the sub-
sticution of one resource for another
or “the ability to substitute away
from resources that are becoming
scarce” (World Bank 1992). As
wolow (1973, p. 33) explains,

“Higherand rising prices of exhaust- -
pro--

ible resources lead competing
ducers to substitute other materials
that are more plentiful and there-
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fore cheaper.”™ Daly correctly as-
cribes to Nordhaus and Tobin the
view “thatinthe aggregate resources
are infinite, that when one flow dries
up, there will ajways be.anarher
and that technology will always find
ways to exploic the next resource”
(Daly 1991b, p. 108).

¢(Fhe third argument offered by
mainsiream economists iy tharthe
po?veW“f’knowledoe continually re=
duces the amounts of resources
needed to produce a constant ot
ificreasing How ot consumer goods

“If the future Is any-
thing like the past,” Solow writes,
“there will be prolonged and sub-
stancial reducrions in—natural-ce

Source rPnnermpntS perunicofreal
output” (So!ow 1974, pp. 10-11).
nowledge increases the productiv-
ity of natural resources just as it
increases the productivity of labor.
For example, for transmitting mes-
sages, glass fibers not only substi-
tute for but vastly improve upomp
copper cables. The transmission ca-
pacity of an optical fiber cable in

Ov ?fﬁ%‘éfdw %(?t
m—fﬁm wof“/g'w
ST nonrenewa {E resources are

unlikely to check development in
the early decades of the next cep
tury.” WRI also dismisses “the f{
quently expressed concern that hig.
levels of consumption will lead to
resource depletion and to physical
shortages that might limit growth
or development opporcunity " The
evidence suggests that “the world is
not yer running out of most nonre-
newable resources and is nort likely
to, at least in the next few decades”
(WRI 1994, p. 5).

Many mainstream economists are
less convinced than Barnerr and
Morse (1963) that there are no natu-
ral resource limits whatever to eco-
nomic growth. Some mainstream
analysts have proposed careful mod-
els for measuring price trends {Hall
and Hall 1984, Slade 1982a, b);
others have explained how difficulc
ir is to obrain measures of scarcity
(Dasgupta and Heal 1979, Fisher
1979, Smith and Krutilla 1982); and

]

‘many others have explored prob-

lems created by externalities and

creased by an order of magmtudemcommon property regimes' (Ayres

every four years between 1975 and \}
1992. Today, a thin cable using op-
tical amplifiers and erbium-doped
fibers powered by laser diode chips

and Kneese 1969, Kamlen and

QSchwarrz 1982). Some ecological

economists have tried to find co/
mon ground with mainstream econo

can carry 0.5 million phone calls at § mists wich respect to residuals man-

any moment. Computers become
stronger as they grow smaller; the

cwm;zg;m;‘p,s,cavnafn inro_a singl
jumbo jet ( (Herman eral, 1990)
Moreover, energy requirements con-
tinually decrease per unit of eco-
nomic output; for example, the
amount of energy needed to pro-
duce a unit of household lighting
has decreased manyfold since the
time of candles and oil lamps. For
reasons such as these, “virrually all
minerals have experienced long-term
declines in real prices during the last
two generations™ {Smil 1993, p. 57).
Reflecting on chese trends, the
World Resources Institure (WRI)
questions the idea thac shortages of
nonrenewable resources will prove
a limiting factor in the global
economy. WRI (1994, p. 6) states:
“Even without more resource-spar-
ing policies...the cumulative effect
of increasing reserves, more compe-
tition among suppliers, and rtech-
nology trends that create substitutes
suggests that global shortages of

W

9)( .
s

$agement (waste processing) and
yintertemporal equiry (the due con-
world’s entire annual production of\\g

sideration of the interests of future
generations; Page 1977). Other eco-
logical economists have emphasized
adapnve management approaches to
particular environmental and re-
source problems (Common 1995,
Holling 1978). Not every ecological
economist may agree with Paul
Ehrlich and Anne Ehrlich (1974)
and Daly {1991b), moreover, that
we confront an age of scarcity in the
near or, at-best, the medium term.
While both mainstream and eco-
logical economics comprise a vari-
ety of positions, somietimes inter-
secting, In this article I single our for
criticism a series of arguments that
ecological economists, such as
Ehrlich and Ehrlich, Daly, Robert
Costanza, and Donnella Meadows
(1992), have mounted against the
growth model of neoclassical eco-
nomics, as defended by Barnett ar”
Morse, Nordhaus, Tobin, Sold

o

ﬂﬁ/b(éf
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Stiglitz, and others. To show thav”

these argumencts fail is to prove nei-



ther that the standard model is cor-
rect nor chat there are no ecological
or resource limits to growth. In fact,
the thesis that there are significant
natural limics to growth remains in-
tuitively appealing. Accordingly, we
should subject arguments for that
thesis to friendly criticism, if by this
means they can be strengthened and
improved.

Energy and entropy

In their dissent from the prevailing
mainstream view, many ecological
economists cite a theory put for-
ward by Nicholas Georgescu-Roegen
(1971), which depends on two pre-
mises to refute the standard model
of economic growth. The first
premise cites the second law of ther-
modynamics, which requires that in
“entropy terms, the cost of any bio-
logical or economic enterprise is al-
ways greater than the product”
(Georgescu-Roegen 1973, pp.
41-42). There is always an energy
deficit. Second, the free or usable
energy (what is called low entropy)
that is used up to replace this deficir
represents a fixed and dwindling
stock. Because we are running down
low-entropy terrestrial resources,
ecological economists contend, “na-
ture really does impose an inescap-
able general scarcity,” and it is a
“serious delusion to believe other-
wise” (Daly 1979, p. 69).

The first premise is unexceptional:
The global economy must consume
energy. After running through its
reserves of fossil fuel, it must there-
fore import power from some other
source. The second premise, how-
ever, is controversial: Are energy
resources limited to a fixed and
dwindling stock?

If we ignore pollution problems,
fossil fuels could subsidize the glo-
bal economy for quite a while. Ac-
cording to John Holdren, “one sees
no immediate danger of ‘running
out’ of energy in a global sense.... At
1990 rates of use, resources of oil
and natural gas would last 70 to 100
years,” counting conventional
sources only, and there is"*a 1500-
year supply of coal” (Holdren 1992,
p. 165). The World Bank estimated
in 1992 that, at present rates of
extraction, known reserves of fossil
fuels would last for 600 years. The
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World Bank concluded that “fears
that the world may be running out
offossil fuels are unfounded™ (World
Bank 1992, p. 1135).

The well-known problems asso-

ciated with greenhouse gases, how-

ever, argue for a general conversion
to nonpolluting energy sources, such
as solar power and geothermal en-
ergy. These sources—which dwarf
fossil fuels in the amount of energy

they make available—seem so abun-

dant that for practical purposes they
may be regarded as infinite. Ken-
neth Townsend observes, for ex-
ample, that “the spontaneous flow
of energy on earth from low- to
high-entropy states may be offset by
solar flow” {Townsend 1992, p. 98).
Georgescu-Roegen recognizes that
it may be possible “to make greater
use of solar radiation, the more
abundant source of free energy”
(Georgescu-Roegen 1973).

The sunlight continually reach-
ing the surface of the earth—not
including vast amounts diffused in
the atmosphere—is unimaginably
immense. At the equivalent of 1.73
x 10" kilowartts (kW) of power, it
represents an annual energy income
or subsidy of 1.5 x 10" kW hours,
approximarely 10,000 times the
amount of energy the global
economy now consumes (Dunn
1986). Even with today’s technol-
ogy, conversion efficiencies of sun-
light to electricity are good—23%
on sunny days and 14.5% on aver-
age annually for Luz solar trough
systems (Brown et al. 1995, Pimentel
1994) and approximately 11% (with
performance improving rapidly) for
current advanced amorphous sili-
con, copper indium diselenide, and
cadmium thin-film photovoltaic sys-
tems. Analysts who study the rap-
idly falling prices and increasing ef-
ficiency of solar energy tend to agree
with Lester Brown of the

Worldwatch Institute that “cech-

nologies are ready to begin building
a world energy system largely pow-
ered by solar resources” {Brown et
al. 1991, p. 48).

While photovolraics currently
enjoy the greatest interest, water,
wind, and biomass also provide
promising and cost-effective meth-
ods of harnessing the superabun-
dant energy of the sun. Hydropower
now supplies 24% of roral world

“,MM‘S % Cﬁaa—dﬁs{)
ee s prPeTse
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electrical-generating capacity
(Gleick 1994). Rapid gains in cap-
turing wind power have made it
competitive with other energy
sources; in California, for example,
wind machines now produce enough
electricity to meet the residential
needs of a city the size of San Fran-
cisco. Energy plantations, using fast-
growing plants to remove carbon
from the atmosphere, may build on
the Brazilian fuel-alcohol program
(Rothman 1983).

One recent survey found that by
“the middle of the 21st century,
renewable energy technologies can
meet much of the growing demand
at prices lower than those usually
forecast for conventional energy”
(Johansson et al. 1993, p. 1). This
survey brings together well-respected
authorities who review enthusiasti-
cally the potential of hydropower,
crystalline-and-polycrystalline-sili-
con solar cells, amorphous silicon
photovolraic systems, photovolraic
concentrator technology, ethanol
and methanol production from cel-
lulosic biomass, advanced gasifica-
tion-based biomass power genera-
tion, wind energy, and various other
power sources considered to be en-
vironmencally friendly. The survey
also describes the exceptional pros-
pects of nonsolar alternatives, such
as tidal power, which caprures gravi-
tational energy, and geothermal
power, which employs heat coming
from the earth’s core. The energy
accessible to modern drilling rech-
nology from geothermal sources in
the United Stares, for example, is
thousands of times greater.than that
contained in domestic coal reserves
(NAS 1987). ’

Amory Lovins, like others. who
study energy technology from the
botrom up, has argued thatadvanced
technologies are commercially avail-
able that can “support present or
greatly expanded worldwide eco-
nomic activity while stabilizing glo-
bal climate—and saving ‘money”
(Lovins and Lovins 1991). Lovins
writes that “even very large expan-
sions in population and industrial
activity need not be energy-con-
strained” {Lovins 1991, p. 95). It
available geothermal, solar, and
other sources of nonpolluting en-
ergy exceed global demand by many
orders of magnitude, and if etti-
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ciency alone can greatly increase
economic output with no additional
energy inputs, it is not obvious how
the second law of thermodynamics
limirs economic growrth.

Rather than refute Lovins and
other experts in their own terms
{i.e., with arguments showing the
limired potential of solar and other

rechnologies), ecological economists

tend to rebuke them ad hominem.
“This blind faith in technology,”
Carl Folke and his colleagues (1994,
p. 3) have written, “may be similar
to the situation of the man who fell
from a ten-story building, and when
passing the second story on the way
down, concluded *so far so good, so
why not continue?’” Another eco-
logical economist writes that those
unalertable to intractable scaccities
“believe in perpetual motion ma-
chines” and “acr as if the laws of
nature did nor exist” (Ehrlich 1994).

Complementarity of natural
and human-made capital

Ecological economists attempt to
refute the mainstream position not
only by citing the second law of
thermodynamics but also by argu-
ing that “the basic relation of man-
made and natural capital is one of
complementarity, not substitutabil-
ity” (Daly 1994, p. 26). Extra saw-
mills, for example, cannot substi-
tute for diminishing forests; more
refineries for depleted oil wells, or
larger nets for declining fish popu-

lations. Daly (1990, p. 3) concludes,
" that “material transformed and tools

of transformation are complements,
not substitutes.”

The problem with this argument,
however, is that it fails to respond
to the underlying contention of the
mainstream model “that increasing
resource scarcity would always gen-
erace price signals which would en-
gender compensating economic and
technological developments, such as
resource substitution, recycling, ex-
ploration, and increased efficiency
in resource utilization” (Clack 1991,
p. 320). The examples Daly offers,
indeed, seem to support the main-
stream position. The use of solar
energy increases when prices for
petroleum rise. As prices for lumber
or seafood increase, silviculture and
aguaculcure rapidly supplemenrt and

October 1995

even underprice capture or extrac-
tive forestry and fishing. Food prices
in general stand at historical lows
because of continuous and continu-
ing improvements in the science and
practice of agriculture (Heifner and
Kinoshita 1994).

The standard model of economic
growth assumes that human knowl-
edge and ingenuity can always alle-
viate resource shortages so thatnatu-
ral capital sets no limit on economic
growth. One may say that the stan-
dard model holds that knowledge
can substitute for resources, then, in
the sense that ingenuity can always
find a way to get around scarcity—
for example, by extending reserves,
by substituting between resource
flows, and by improving efficiency.
This model does notimply, of course,
that nets can replace fish, saws re-
place trees, or that the economy can
do without resources altogether. As
Solow (1992, pp. 8-9) summarizes:
“It is of the essence that production
cannot take place without the use of
natural resources. But [ shall as-
sume that it is always possible to
substitute greater inputs of labor,
reproducible capital [e.g., technol-
ogy], and renewable resources for
smaller direct inputs of the fixed
resource.”

Daly concedes, in effect, that sil-
viculture and aquaculture do allevi-
ate scarcities just as mainstream
economists would predict, When he
considers what he calls “cultivated
natural capital,” including “agri-
culture, aquaculture, and plantation
forestry,” he writes that “[c]ulti-
vated capital does substitute for
natural capital proper in cerrain
functions—thaose for which ic is cul-
tivated...” (Daly 1994, p. 30).

The facts bear out this optimism.
Tree plantations worldwide “spread
rapidly during the 1980s, rising from
18 million hectares in 1980 to more
than 40 million hecrares by 1950"
{WRI11994). The 1990s may become
known as the decade of silviculture,
as millions of hectares of land go
into new industrial tree planrations
each year, and trees are genetically
engineered for various properties
including rapid growth. During the
1990s, Chma plans to plant almost
60 million hectares of tree farms,
for example, and India now plants
four trees for every one it commer-

cially hacvests {WRI [994).

The progress of aquauuiture ma
be gauged from the fact that /
the top ten species harvested'. .n
world roday, silver carp and gras
carp {Brown ecal. 1993), are farme.
fish. Supplies of other species, sudi
as salmon, are rising, and price
falling worldwide (Lord 1994). “w.
must realize that what is happenin:
to the salmon industry in Europ
now is similar to what happened @
the chicken industry decades ago,’
the trade journal Fish Farming In
ternational reports. “Salmon is be
coming a low-cost food, and w
shall just have to find ways to liv
with this” (Hempel 1994, p. 23).

Whar kinds of scarcities, then
limit economic growth? Daly {1994
suggests the limiting factor may b
the earth itself-—the stone, clay, an
sand from which bricks are made
Speaking of timber used in construc
tion, he writes: “Of course, one coul:
substicute bricks for timber, but tha
is the substitution of one resourc
for another, not the substitution ¢
capital for resources” (Daly 1994
p. 26). He then speaks enigmaricall
of the “inability of trowels ar”
sons to substitute for bricks™. .l
1994).

To understand Daly’s argumen:
one must place it in the context ¢
Aristotle’s discussion of the fou
causes: material, efficient, forma
and final (Aristotle Apostle transle
tor 1975). The material cause in th
example Aristotle uses, a statue of
horse, consists in the bronze of whic
the statue is made. The tools th
sculptor applies to the materials ar
the statue’s efficient cause. The fo:
mal cause consists in the idea, plar
image, or design—in short, th
knowledge—thar guides the sculy
tor. And the final cause is the reaso
or purpose—to celebrate a victor
or pay off a debt—rhat led the scul;
tor to make the statue.

Daly hasasserted his basic premr
in clear and precise Aristotelia
terms: “[Tlhe agent of transform’
tion (efficient cause) and the su’
stance being transformed by it tm
terial cause} must be complement:
(Daly 1991c, p. 36). Daly's ¢
amples—nets and fish, sawm? ;
trees, oil drills and oil reservesy. ../~
elsand bricks—illustrate the comp!
mentary relation berween etricic



and material causes, or, as he says,
“the main relation berween what is
being transtormed and the agenrt of

transformation....” (Daly 1991c).

Daly thus forcefully asserts what
mainstream economists would never
have thought of denying: one “can-
not substitute efficient cause for
macerial cause™ {Daly 1993). At the
same time, he offers no argument to
refute the principle that mainstream
economists assert and defend: The
formal cause of production (i.e.,
design, knowledge, innovation, and
ingenuity) can always overcome
shortages in resources or materials.
Thus, while mainstream economists
know, for example, that harpoons
and whales are complementary, they
point out that advances in knowl-
edge and invention have compen-
sated for shortages of resources such
as whale oil for uses such as lubrica-
tion and lighting. Similarly, while
refineries cannot substitute for pe-
troleum reserves, mainstream econo-
mists assert that human knowledge
and ingenuity can find substitutes
for petroleum—for example, by har-
nessing the inexhaustible resources
of the sun. Nature need not limit
economic growth, they propose, as
long as knowledge increases and the
sun shines.

The question of scale

When ecological economists speak
of the limits of growth or caurtion
that growth is unsustainable, they
use the term growth in an idiosyn-
cratic sense. “Groweh refers o ¢

quantitative increase in che scale Qf
The physical dimension of the
economy, the rate of flow of martter
and energy through the economy

. oty
And TRESTocK B Fuman podies and

artifaces..... (Folke et al, 1994,

71. Daly adds: “Scale refers to the

physical volume of the flow of mat-
ter-energy from the environment as
low-entropy raw materials and back
to the environment as high-entropy
wastes” (Daly and Townsend 1993,
p. 2).

Ecological economists distinguish
between the terms growth and. de-
velopment. Economic growth,
“which is an increase in quantity,
cannot be sustainable indefinitely
on a finite planet™; economic devel-
opment, in concrast, “which is an
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improvement in the quality of
life...may be sustainable” {Costanza
et al. 1991).

With respect to development, we
must ask how ecological economists
propose tO measure improvement in
the quality of life. If they adopr an
economic measure, such as utility,
preference-satisfaction, or macro-
economic indicators of prosperity,
then what they mean by develop-
ment simply collapses into what
mainstream economists mean by
growth. If they propose some other
measure, they strike their tents as
economists and set out on the high
seas of moral philosophy.

Whart ecological economists mean
by growth—an increase in physical
scale, quantity, or volume—has no
analogue in mainstream economic
thought. While growth is not a sci-
entific term.in mainstream econom-
ics, it is used generally to refer to the
rate of increase of gross domestic
product, defined as the value of ev-
erything the economy produces in a
year at then-current prices. Quanti-
tative increase in the physical di-
mension of the economy is neither
necessarynor sufficient for economic
growth in the conventional sense,
which has to do with the value of
production rather than the physical
size of whatever is produced or con-
sumed. If ecological economics pos-
sesses a central thesis, it is that the
“term ‘sustainable growth’ when
applied to the economv is a bad
oxymoron” (Daly 1993, p. 267).
Whatever ecological economists say
abour sustainability, however, has

‘no apparent implications for what

mainstream economists mean by
growth.

[f energy consumption or carbo’n
emissions may serve as indicators of
economic scale or quantity, as eco-
logical economists use these terms,
we can see that the scale of an
economy may not vary with gross
domestic product. Berween 1973 and
1986, energy consumption in the
United States, for example, remained
victually flac while economic pro-
duction expanded by almost 40%
(Brower 1992). In Japan, gross do-
mestic product per capita has
doubled—from approximarely
$8000 ro $16,000~—since 1973 with
no increase in per capita emissions
of carbon dioxide. Primary energ
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demand in the United Kingdom in
1990 was less than it was 16 vears
earlier, alchough the gross domestic
product grew (UK DoE 1990). Since
1973, France and West Germanyv
have decreased per capita emissions
from fossil fuels as their economies
have expanded. In France between
1973 and 1991, the economy grew
by approximately 30% while per
capita emissions declined by ap-
proximately 40% {Moomaw and
Tullis 1994). Although emissions
sometimes increase with gross do-
mestic product, no general relation
holds berween growth in the con-
ventional sense and the scale eco-
logical economists believe is unsus-
tainable.

Ecological economists assert that
economic growth, as they define it,
is unsustainable because it stresses
the carrying capacity of the earth.
Economic growth in the conven-
tional sense, however, bears no gen-
eral relation to environmental stress.
Societies with large gross domestic
products, such as Sweden, protect
nature, while nations in the former
Soviet bloc with much smaller gross
domestic products, such as Poland,
have devastated their environments.
The Scandinavian countries use their
affluence to help countries with
smallereconomies, like Poland, clean
up the environmental mess they have
made.

In impoverished nations, as con-
sultant in environment and devel-
opment Norman Myers observes,
people may “have no option burt to
over- explolt environmental resource
stocks in order to survive,” for ex-
ample, “by increasinvlv encroach-
ing onto tropica | forests amongother
low-potential lands” (Myers 1994,
p. 128). The poorest of the poor,
Myers writes, are often the princi-
pal cause of deforesmtxon desertifi-
cation, soil erosion, and exrinction
of species (Myers 1993). It is the
absence of economic growth rather
than its presence, hen that is a
principal cause of rain forest de-
struction, desertification, erosion.
and loss of biodiversity.

No one believes thar economic
growth is likely to lead auromati-
cally to environmental protection.
This arricle has found no reason t©
agree with the contention of eco-
logical economics, however, that

&)/N‘Uy (‘)()g(' CD BioScience Vol. 45 No. 9

N

Cx. [t

ST Y e

N



ymoin
yer -
ner
Since
many
sstons
omies
rween
grew
e per
v ap-

and
ssions
is do-
lation
< ¢con-
> eco-
insus-

-t that
ine it,
resses
earth..
aven-
o gen-
stress.
mestic
irotect
ormer
" gross.
ola )
Tents.
e their
with
,clean
v have

s con-
devel-
ierves,
but to
source
‘or ex-
coach-
sother
1994,
poor,
princi-
sertifi-
nction
is the
rather
t is a
st de-
osion,

A0MmIC
om-
2CTe A.)
son to
f eco-
., that

No. 9

o et R APER L e BT

2 i

VRO L

o
8
Sa
i

growth in the sense of greater gross
domestic product is unsustainable
because it necessarily strains naty-
al limics and leads auromatically 1o
resource depletion and ecological
demise. _

The scale or size of an economic

activity, moreover, if measured in
terms of the volume or quantity of
the flow of matter-energy through
it, seems to be a useless concept
because it bears no clear relarion to
environmental quality. The physi-
cal quantity of detergents used to do
laundry, for example, may be the
same whether or not those deter-
gents contain phosphates; the eco-
logical consequences, however, are
likely to be vastly different. Simi-
larly, a 12-ounce can of hair spray
that uses chlorofluorocarbons is
likely to damage the environment
much more than a 12-ounce can
that substitutes a harmless propel-
lant. Because quantities of water
exceed those of any other material
in our industrial metabolism, the
most efficient way to limit scale
might be to cut back on water, but
no one believes we would thereby
greatly protect the environment. One
would cry over a gallon of spilled
mercury but not over a gallon of
spilled milk.

Presumably, ecological econo-

mists know that some forms of"

throughput are worse than others
even in the same quantities or
amounts. If ecological economists
were to discriminate, however, on
some basis other than quantity alone
among kinds of throughput that
harm the environment, they would
tind themselves embarking on a path
at the end of which mainstream
economists {e.g., economists at the
World Bank) are waiting for them.
Rarther than decry throughput in
general, measured vaguely in terms
of quantity, rainstream economists
believe some pollutants and prac-
tices are worse than others. As a
result they address well-defined
problems, such as chlorofluorocar-
bon loadings, rather than the size or
scaleof chroughputasawhole. These

economists reject the idea thar the.

dose alone makes the poison; ac-
cordingly, they adopt a case-by-case
approach that looks for regulatory
solutions to specific market and
policy failures.
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If ecological economists were to
refativize the concept of scale to
kinds of throughput, they would
also confront the problem of identi-
fving and dealing with the pollut-
ants, practices, and policies that are
particularly harmful to the environ-
ment. They would have to decide
which economic activities create
risks greater than benefits, which
externalities markets fail ro price,
and so on. If ecological economists
conceded that water vapor is not as
destructive as chlorofluorocarbons,
in other words, even though indus-
try releases a much greater quantity
of the former, they would have to
move on as economists o risk-ben-
efit analysis, the pricing of exter-
nalities, and the correction of mar-
ket failures. Thus, the ecological
economics paradigm would simply
collapse. into that of mainstream
economics.

Co-opting nature

To give empirical content to theo-
retical arguments about why the glo-
bal economy can no longer grow,
ecological economists ofren refer to
what one describes as the “best evi-
dence” (Goodland 1993) that eco-
nomic expansion has reached its
natural limits—an estimate by Peter
Vitousek and his colleagues (1986,
p. 372) that “organic material
equivalent to approximately 40%
of the present net primary produc-
tion in terrestrial ecosystems is be-

ing co-opted by human beings each

year.” Vitousek and his colleagues
(1986, p. 372) also state thar “hu-
mans now appropriate nearly
40%...0of potential terrestrial pro-
ductivity.” Commentators conclude:
“If we rtake this percentage as an
index of the human carrying capac-
ity of the earth and assume that a
growing economy could come to
appropriate 80% of photosynthetic
producnon before destroying the
funceional integrity of the ecosphere,
the earth will effectively go from
half to completely full during the
next...35 years” (Rees and Wacker-
nagel 1994, p. 383).

The argument that total net pri-
mary production limics gross do-
mestic product or economic groweh
rests on two premises. First, the to-
tal amount of net primary produc-

tion on which the global ecor
draws is fixed or 11mxted by na-
Second, as economies or/
mustappropriate relamel» e
primary production. Ehrlich
Ehrlich, for example, cite the «
city of net primary productio
refute the “hope that develop:
can greatly increase the size o
economic pie and pull many r
people out of poverty” (Ehrlich
Ehrlich 1990). They call this
“insane” because of “the constr.
nature places on human acrtivi
(Ehrlich and Ehrlich 1990). Suc
expansion of economic actir
Ehrlich and Ehrlich concend,
plies an assault on global NPP
primary production] far beyond
already observed”™ (Ehrlich
Ehrlich 1990).

Vitousek and his colleay
(1986) calculated the assaulr ot
global economy on global net
mary production in terms of ¢
separate percentages. First, the:
timared the percentage of terres
net primary production that pe
directly consume and, second,
percentage they co-opt. By the «
co-opted net primary pri i
Vitousek and his colleagu. .a
“material that human beings
directly or that is used in hur
dominated ecosystems by com
nities or organisms differenc t
those in corresponding nacural ¢
munities” (Vitousek er al. 198
370). The amount of net prir
production that “flows to diffe
consumers and decomposers th.
otherwise would” amounts to
petagrams (Pg) of net primary
duction or approximately 19°

_the terrestrial toral. The 40% fi

mentioned earlier—rthe one
stantly cited—is the third per.
age that Vitousek and his collea
calculared. [t refers to the per.
age of net primary production
“human beings have "co-opted’
potential NPP [net primary pre
tion] lost as a consequence of
man. activities.”

Vitousek and his collea
(1986) calculated that the am
of net primary production p¢
directly consume as food is equ
0.91 Pg of organic marter
ally. They estimarted the <. o
consumption of plants by live
and of wood by human beinys »



Pg of dry organic material annually,
resuitmg in a total of appro,\smately
5.3 Pgof directannual consumption
of terrestrial net primary produc-
tion by humans and their charctel.

The amount of direct consump-
tion, a litcle more than 5 Pg of bio-
mass, is less than the 15 Pg of or-
ganic material that Vitousek and his
colleagues {1986), using dara col-
lected th the 1970s, estimated is
produced annually on cultivared
land. We may conclude from the
figures cited that, even by 1979,
farmers produced much more bio-
mass than people and livestock di-
rectly consumed. This conclusion is
consistent with expert opinion,
which estimates that world agricul-
ture produces enough oil seeds and
grain today to provide a vegetarian
dier adequate in calories and pro-
tein for twice the world’s popula-
tion (Waggoner 1994).

Relying on 1970s data, Vitousek
and his colleagues (1986) calculated
actual, not potential, net primary
production; however, subsequent
data suggest global net primary pro-
duction need not be fixed at 1970s
levels but may greatly increase, for
example, in response to cultivation.
For instance, in developing coun-
tries, wheat yields per acre doubled
from 1974 to 1994, corn yields im-
proved by 72%, and rice yields by
52% (Anderson 1995). The poten-
tial for further increases is enor-
mous. US farmers now average ap-
proximately 7 tons of corn per
hecrare {t/ha), but when challenged,
as in National Corngrowers Asso-
ciation competitions, they have
tripled those yields (Waggoner
1994). Varieties of rice developed
recently are expected to boost aver-
age rice yields dramatically above
the present 3.5 t/ha, with a conjec-
tural biological maximum of ap-

proximately 15 t/ha (Anderson:

1995).

Vitousek and his colleagues rec-
ognized that the net primary pro-
duction output of cultivated land
may exceed that of natural ecosys-
rems—but when it does, “theamount
of potential NPP [net primary pro-

duction] co-opted by human beings.

increases” (Vitousek er al. 1986,
p.372). The amount of net primary
production farmers co-opt, then,
becomes an arcifact of the amount
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they creare, not an indicator of a
natural limic on productivity.

[t is important to see that rising
vields do not imply the co-option of
more land bur, in fact, may free land
to return to nature. Berween [9350
and 1989, the global output of ma-
jor food crops rose by 160%, more
than keeping pace with world popu-
lation (Brown et al. 1995). Most of
the increaseisattributed to improved
yields, not to the use of more land.
As a result of greater yields, the
United States now idles 50 million
acres of farmland in conservation
reserves, and the nation is far more
forested than a century ago, while
remaining a major net’ food exporter
(Crosson 1994). Other industrial-
ized nations, also net agricultural
exporcters, have seen Earms revert to

forest (WRI 1994). The most telling.

examples of net primary production
appropriation Vitousek and his col-
leagues present (e.g., the “6 Pg of
organic material {that] is consumed
each year in fires associated with
shifting cultivation”; Vitousek et al.
1986) arise not as a result of eco-
nomic growth but from human ac-
tivity associated with absence of
economic growth, or its opposite,
destitution {Myers 1993). Displaced
peasants; driven by political and
economic deprivation, are respon-
sible for nearly three-fifths of cur-

‘rent tropical deforestation (Myers

1994). This picture suggests that,
for the environment, destitution is
far worse than economic develop-
ment.

A similar doubt attends cthe sec-
ond premise of the argument: net
primary production and gross do-
mestic product are related, so as
economies grow they must co-opt
more and more organic matter. The
great engines of economic growth—
the service sector, information, com-
munication, medical technology,
educarion, and finance—do not
draw heavily on ner primary pro-
duction. Why then should net pri-
mary production limit economic
growth?

As early as 1864, pioneering con-
servationist and environmentalist
George Perkins Marsh observed that
humanity had long since completely
alrered and intecfered with the spon-
tanecus-arrangements of the organic
and inorganic world (Marsh [1864]

1963). Other authorities agree th
the landmass of the globe has be:
thoroughly co-opted (Riabcehike
1975, Study of Critical Environme:
tal Problems 1970)—as Vitousek ai
his colleagues {1986} define th
term—{for more than a century,
this is the case, however, then eich
there is no covariance berween n
primary production appropriatic
and increases in gross domestic pro
uct or there has been no econom
growth in the lastcentury.

The precautionary principle

Ecological economists: correct
point out that both ecological ai
social systems are complex, ev
chaotic, and that events in each-
much less those that resulc from ¢
interplay of the two systems—a
inherently unpredictable (Folke
al. 1994). Ecological economis
argue that mainstream economi
“lacks any representation” of t
evolutionary nature of these s
tems and the nonlinear causarti
that is characteristic of the
(Christensen 1991).

We may distinguish two contr
dicrory responses to this perceiv
failure of mainstream economi
First, ecological economists prome
their own linear or Newronian me
els, relating what they call naru
and man-made capital, throughy
and ecological stress, and econor
growth and net primary producti
co-option. The arguments examir
in this article suppose that wit
these pairs, each rerm varies wich
complements the other in the si
plest arichmetic way—so that e
nomicgrowth, bvhllmc up the wo
as cargo wewhs down a ship,
ceeds the carrying capacity of
earth.

Second ecologicql economi
propose a premutlonan princip
as one way “to deal wuh the pr
lem. of true uncertainey” (Cosrta
1994). This principle recomme
that society establish “safe m
mum standards...for protect
Earth's life-support systems in
face of v1rtuall) inevitable u: xpl<
ant surprises” (Ehrlich 1994, p.

That the inevitable unpieas:
ness should nonetheless be a
prise reflects a belief, implicit in
writings of ecological econom
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benign—a
loving morher cradling us with life-

rhat nature is essentially

Ecological econo-
mists worry that technology may
upset the womb-like processes with
which nature coddles us. The chief
problem, as they understand ir, is
uncertainty. So far, nature’s free gifts
have sustained humanity, butr as
economies grow, we can no longer
be certain of her continued largess.

Mainstream economists also rec-
ognize uncertainties and surprises.
They start, however, with the intu-
ition that for almost all individuals
of any species, nature is quire pre-
dictable. It guarantees a usually
quick but always painful and hor-
cible death. Starvation, parasitism,
predation, thirst, cold, and disease
are the cards narure deals to virtu-
ally every creature, and for any ani-
mal to avoid descrucnonlong enough
to reach sexual maturity is the rare
exception rather than the rule {Wil-
liams 1988). Accordingly, main-
stream economists reject the idea,
implicitin ecological economics, that
undisturbed ecosystems, such as
wilderness areas, offer berter life-
support systems than do the farms,
suburbs, and cities that sometimes
replace them. Wichout technology
human beings are less suited to sur-
vive in nature than virtually any
other creature. At conferences, we
meet in climate-controlled rooms,
depend on waiters for our meals,
and sleep indoors rather than al-
fresco. Nature is not always a cor-
nucopia catering to our needs; it can
be a place where you cannot get
good service.

Mainstream economics, in sub-
disciplines involved with risk as-
sessment, risk-benefic analysis, and
decisions under uncertainrty, identi-
ties environmental hazards and rec-
ommends precautions against them.
The Montreal Protocol (adopred in
1987 and strengthened in 1990),
which controls chlorofluorocarbon
emissions, illustrates one success of
this mainstream approach. But in
doing so, convenrtional economists
call attention to unpleasant events
that are entirely predicrable in the
absence of technologies that co- opt
and alter the nacural world. They
also focus on specific problems, such
as ozone depletion and greenhouse
emissions, rather than call for safe
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minimalstandards in general. Ahuge
literature within mainstream eco-
nomics responds to those problems
associated with global climate
change (Cline 1994, Nordhaus 1994,
Schelling 1992). Ecological econo-
mists might dispure thlS literature
on technical grounds, but they can-
not say it ignores scientific findings.

When ecologu.al economists urge
us to mainrain a safe minimum stan-
dard or, as what they call an insur-
ance policy, a number of unco-opred
ecosystems and an adequare reserve
of natural resources, questions arise
as to which threatened life-support
processes or systems and which re-
sources in particular require protec-
tion. It is difficult to see how econo-
mists can address this question
except with conventional cost-ben-
efit analysis. In the context of radi-
cal uncertainty, there are many ways
to cut back on the scale or size of
economic activity, Which make the
most sense? A current debate. in
Congress centers on the national
helium reserve. Helium, presumably,
is not the kind of natural capiral
that requires special protection.
Whart, then, is and why?

To add more than a footnote to
the vast literature about climate
change, ecological economists must
argue for something other than bet-
ter cost-benefit analysis, smaller dis-
count rates, or more attention to
market failures and environmental
externalities. To distinguish them-
selves from everyone else, ecologid
cal economists must 1dent1fy threat
ened forms of natural capiral tha
require special protection becauss
they are the limiting factors in eco
nomic development or impose or
the carrying capacity of the earth
The World Bank (1992), represent
ing the mainstream position, had
described its view of the causes o
ozone depletion, the greenhouse ef
fect, and tropical deforestation and
recommended solutions. If the pre
cautionary principle and the appea
to safe minimal standards ace to add
anything to the discussion, they must
offer specific recommendations be-
vond those of the mainstream risk-
benefit approach.

According to Costanza (1994),
however, the way the precautionary
principle is to be applied is uncer-
train. The precautionary principle,

he concedes, “offers no guidance as
to what precautionary measures
should be taken” (Costanza 197

The principle instruces us tot

resources we mightneed and to avoid
decisions with porentially harmful
ecological effects. Bur “ir does not
tell us how many resources or which
adverse future outcomes are most

meorrfnt" Coscanza 1994,p.399).

Conclusions

This article has criticized five prin-
cipal theses concerning the carrying
capacity of the earth. These theses
have been asserted by many ecologi-
cal economists. The first thesis as-
serts that entropy limits economic
growth. On the contrary, the en-
tropy law shows only that economic
growth requires abundant and envi-
ronmenrally safe sources of energy.
Whether these sources existisa ques-

. tion better answered by engineers

than by economists. The eagineer-
ing literature, especially with respect
to solar power, suggests that safe,
abundant, and inexpensive new
sources of energy have already been
found. y

Second, mainstream- econor(
believe and hlStOrY confirms that
knowledge, ingenuity, or inven-
tion—the formal causes of produc-
tion—find ways around shorrages
in raw materials, either by increas-
ing reserves, substituting between
resource flows, or making resources
go further. In reply, ecological
economists answer that tools of
transformation—the efficient causes
of production—are complementary
to and therefore cannot substitute
for the material causes. While true,
this reply is irrelevant.

Third, ecological economists de-
fine economic growth in terms of
the physical dimensions of chrough-
put, which, as they point out, can-
not e‘<pand indefinitely. This defini-
tion tells us nothing, however, about
growth as mainstream economists
understand that term, having to do
with the value racher than the physi-
cal dimensions of production. The
conceprt of throughput, moreover, is
too amorphous to be measured. [t
relation to environmental dece
ration therefore cannot be dé
mined. ‘

Fourth, ecological economists



calculate chat 40% of net primary
production moves through the hu-
man economy, or in SoMme way is co-
opred by or subject to human pur-
poses. This calculation is said to
represent the extent to which hu-
man beings and their effects fill up
the world, as cargo migh fill a ship.
This argument rests on Two pre-
mises: First, that total net primary
production is fixed or limited in
nacure and, second, that economies,
in order to grow, must co-opt corre-
spondingly more organic matter.
Both premises are false.

Finally, ecological economists
offer a precautionary principle that
counsels us to play it safe, bur lictle
instruction as to whart this means.
As a historical matter, however,
human beings have found it safer to
control and manipulate nature than
to accept it on its own ferms.

The central principle of ecologi-
cal economics—the concept of car-
rying capacity—fails to show that
economic growth is unsustainable.
‘Ecological economists are unable to
point to a single scarcity of natural
capiral that knowledge and ingenu-
ity are unlikely to alleviate. More-
over, the so-called carrying capacity
of the earth for human beings is not
a scientific concept and cannot be
measured by biologists. It is an elas-
tic notion and depends on social,
economic, technological, and cul-
tural progress and practices (Schnei-
der 1983).

Environmentalists a century ago
pointed to the intrinsic rather than
to the instrumental value of the naru-
ral world. Like Thoreau, they found
heaven not only above their heads,
but under their feet. They thought
of nature as a divine mystery; the
term  natural capital would have
been lost on them. If a leaf of grass,
as Walt Whirman wrote in “Song of
Myselt” in his work Leaves of
Grass, is no less than the journey-
work of the stars, there is no need to
conjecture about its medicinal ben-
efits. .

E. O. Wilson (1980) has correctly
said that the destruction of biodi-
versity is the crime for which future
generations are the least likely to
forgive us. The crime would be as
great or even greater if a compurer
could design or store all the generic
data we might ever use or need from
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the destroved species. The reasons
to protect nature are moral, reli-
gious, and cultural far more often
than they are economic.

To this reasoning, ecological
economists may reply that morality
and prudence teach the same lesson,
so that one is likely to reinforce the
other. Morality and prudence, how-
ever, teach different lessons. Moral-
ity reaches us that we are rich in
proportion to the number of things
we can afford to ler alone, that we
are happier in proportion to. the
desires we can control rather than
those we can satisfy, and thar a
simpler life is more worth living.
Economic growth may not be mor-
ally desirable even if it is ecologi-
cally sustainable.

Prudence, in contrast, teaches that
as long as you can get away with it,
“More is more”—to quote the im-
mortal words of Miss Piggy, a pup-
pet diva created by Jim Henson.
Advances in technology may one by
one expunge the instrumental rea-
sons for protecting nature, leaving
us only with our cultural commir-
ments and moral intuitions. To ar-

" gue for environmental protection on

utilitarian grounds—because of car-
rying capacity or sources of raw
materials and sinks for wastes—is
therefore to erect only a fragile and
temporary defense for the spontane-
ous wonder and glory of the natural
world.

We might, then, take a lesson
from the mariners introduced at the
beginning of this article. When light-
ening the ship of its cargo failed to
overcome the danger—rthe tempest

‘only worsened—they looked for a

moral rather than a physical expla-
nation of their plight. They found it:
Jonah confessed his crime in fleeing
from God’s commandment. When
the sailors transferred Jonah from
the ship to the whale, the seas be-
came calm. Today, we are all aware
that the seas may rise up against us.
Like the mariners, however, we

might consider not just the weight

of the cargo but also the ethical
compass of our biospheric ark,
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