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INTRODUCTORY REMARKS

PALT R PORINEY
Ve President
Resources lor the Future

Good afternoon and welcome to the Resourees and Conservation
Center. I'm Paul Portney. vice president of Resources for the
Future, and F'm delighted to welcome vou o this afternoons fes-
tvitics.

As most of vou know, REF as. st and foremost, o research
orgamzation, and we take grear pride methe quahty and rele-
vance ol the rescarch done here for the past forty vears. \What
some of vou may not kiiow is that we consider ourselves an edu-
cattonal orgization. oo, albert one withow students, and that
we treat this edacational nosston as serionslv as we do our
rescarch program — For this reason. therelore, we mail out four
tmes avear—tree of charge—our pubhication Resotwrees to more
than 25 000 pohicvimakers. acadenues, members of the business
and environmental commumities, the press, and interested citi-
zens. What all these readers have in common, we believe, is 1
destre tor careludly reasoned. clearly written. and impartial analy-
sis ol natural resouree and environmental policy issues. We try
awlully hard to satisiy that desire.

We try to fulhill our edacatnonal mission in other ways, as
well, rangimg from book pabhcation o grant making and from
conlerence sponsorship to the preparation of congressional testi-
mony. \We alse run a Wednesday semmar program which people
attend to hear abowt new techmeal developments . say, the the-
ory of heneht-cost anilysis, as well as to become informed —and
somettimes provoked—about current pohey battdes ragmg in the
natural resowrees and environmental hield.

Which brings mie to this wternoon’s get together We hope
that one of the consequences of these educanional programs s to
fix in peoples munds the thought that REF s the place 1ot to
for all those cconomusts, saientists, lawyers. poheynukers, busi-
nessmen and women, environmental advocates, reporters, and
others mterested in scholarly rescarch and creative policy analy-
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sis on environmental and natural resouree problems. Thats one
of the reasons why P so pleased o have the creme de Ta creme
of the environmental policy community here this afternoon.
When planning our forteth anmiversary celebration, therefore. it
wits natural for us to iy o melude an event for this audience
that would be hoth enhghtenmg and entertaining, both analytic
and applied

Fean report e all honesiy that the casiest part ol planning
the entire anni ersary celebranon was identbving whom o ask to
aive such atalks My clear recollection s that the immediate
reaction of all my colleagues was, “Well obvioush we should ask
Robert solow and worny about where 1o go nest only i he Says
no Fortunately we never had that worey

Iy our expenience - anvthimg hike mine, vou know the most
long-winded muraductions mevitably follow the words, “Our
next speaker necds nomroduction” Well, our next speaker
needs nomuroducnon. bur HEoy to he hriek anvway:

Robert solow has for the past tweny vears been an Institute
Professor of Fcononnes ar the Massachusctis Institute of Technol-
ogy Educated mthe New York Civ public schools, he carned
his BN A Cand PhoD - ac FLrvard Along the way he has also
been awarded pimeteen honoran degrees om universities 10 sis
diflerent countries

I 1O Professor Ssolow hegan his career as an assistant pro-
fessorm MU Stiostics Department Inc 19358 he became a pro-
fessor ol ccononies there He has won the Wells Prize for the
best dissertation i cconomics at Harvard Universiy, the John
Bates Clark Medal of the American Ieonomie Association for
owstanding contributions by an ccononist under the age of
forty, and=--m 1987 was awarded the Altred Nobel Memoral
Prize for Feonomie Scimnce He s amember ol the National
Academy of Saencesa past vice president of the American
Assoctation for the Advancement ol Saence and apast president
of both the Feononctne socene and the American Feonomie
Asscaation cCanovous understand the growme feehng of made-
griacy Hleltas Tread hisov

Despite this quie remakable caeer, 1l vou ask those who
know Professor solow well whi they admire most about hin,
youw il fikely wetan answer that no vic however long, could
ichude. Rather vouswill be told. what really efevates him above



the crowd has been the dedication—throughout his career—with
which he has tricd simultancously to expand the wechnical fron-
tiers in ceonomies, improve the wav it s taughts and focus
improved analviical methods not on meaningless arcana but on
the real-world problems that alfect the Tives o us all—particular-
Iv those less fortunate than ourselves o put e direetlys his
carcer 1s the embodiment of responsibility 1o one’s profession,
one’s country, and ones fellow man Fhis has ded b his
rescarch to ponder. among other important subjects. the wise
management of soctetys endosw ment of nataral resources, the
subject of s talk this altiernoon. 1 hope its obvious why we at
RIFE are so honored 1o have him here this atternoon. Ladies and
gentlemen. Prolessor Robert Solow






AN ALMOST PRACTICAL STEP
TOWARD SUSTAINABILITY

ROBERT SOLOW

You may be relieved to know that this talk will not be a harangue
about the intrinsic incompatibility of cconomic growth and con-
cern for the natural environment. Nor will it be a plea for the
strict conservation of nonrencwable resources, even it that were
to mean dramatic reductions in production and consumption.
On the other hand, neither will vou hear mindless wish fulfill-
ment about how ingenuity and enterprise can be counted on to
save us from the consequences of consuming too much and pre-
serving too httle, as they have always done i the past.

Actually, the argument [want to make seems to be particu-
larly appropriate on the occaston ol the fortieth anniversary of
Resources for the Future: it s precischy about resources for the
future. And 1t is even more appropriate for acresearch organiza-
ton: 1 hope to show how some farly interesting puie economie
theory can ofler a hit—though only @ hint—about a possible
improvement m the way we talk about and think about our
cconomy in relation o its endowment of naaral resourees. The
theoretical msight that T will present suggests a potentially
important line of empircat research and apossible guidehne for
long-term: cconomie policy. Then T will make a naive leap and
sugpest that, il we talked about the cconomy ina more sensible
and accurate way, we might actuia'ly be better able to conduct a
rational policy in practice with respect o natarad and environ-
mental resources, That 1 probably foolishiness: but 1 hope you
will find it ac disarming sort ol foolishness,

PREVIEWING THE ARGUMENTS

It will be usetul if 1 eell vou in advance where the argument is
leading. 1t is a commonplace thought that the national income
and product accounts, as currently laid out. give a misleading pic-


http:antliver.ar

o -

ture of the value of a nation’s economic activity to the people
concerned. The conventional totals, gross domestic product
(GDPY or gross national product (GNPY or national income, are not
so bad for studying fluctuations in employment or analyzing the
demand for goods and services. When it comes 1o measuring the
ceonomy’s contribution to the
. o well-being of the country’s
There is a ”gh[ “”‘l)f Lo inhabitants, however, the
chzlrgc the cconomy for conventional measures are
the consumption of its incomplete. The most oh-
resource endowment and vious omission is the depreci-

for the deeradati . ation ol hixed capital assets. If
or the degradation or two cconomies produce the

improvement of environ- same real Gbr but one of
mental assets, and those them does so wastelully by

measurements pla\' 1 wearing out hall of its slngl\'
’ of plant and equipment while

central role in the only log- the other does <o thriftily and
ically sound approach to holds depreciation to 10 per-
the issue of sustainability cent o it stock of capital, it
that 1 know, Is prety ul)\'lou.s \\'Inch. one is
doing w hetter job for its citi-
zens. OF course the national
ncome accounts have always recognized this point, and they
construet net aggregates, like net naional product (NN, 1o give
an appropriate answer. - Depreciation of fixed capital may be
badly measured, and the crror allects net product, but the effort
is made,

The same principle should hold for stocks of nonrenewable
resources and for environmental assets like clean air and water,
Suppose two cconomies produce the same real net national
product, with due allowance for depreciation of fixed capital, but
one ol thenuis wasteful of natural resources and castally allows
its environment to deteriorate, while the other conserves re-
sources and preserves the nawaral envivonment. In such a case
we have no trouble seeing that the first is providing less amply
for its citizens than the second. %o lar, however, the proper
adjustments needed to measure the stocks and Hows of our nat-
ural resources and environmental assets are not being made in
the published national accounts. (The United Nations has been

O



working in this direction for some years, so the situation may
change, although only with respect to environmental account-
ing) The nature of this problem has been understood for some
time, and individual scholars, heginning with William D,
Nordhaus and James Tobin in 1972, have made oceasional pass-
es at estimating the required corrections.

That is hardly news. The additional insight that T want o
explain is that there is a “right™ way to make that correction—not
perhaps the casiest or most direct way, but the way that properly
charges the economy for the consumption of its resouree endow-
ment.  The same principle can be extended o define the right
adjustment that must be made o allow for the degradation or
improvement of environmental assets in the course of ayears
cconomic activity, The properly adjusted net national product
would give a more meaningful indicator of the annual contribu-
tion to cconomic well-being.

The corrections are more casily defined than performed.
The necessary caleulations would undoubtedly be more error-
prone than those the U.S. Department of Commerce already does
with respect to the depreciation of fixed capial. Nevertheless, 1
would suggest that talk without measurement is cheap. I we—
the country, the government, the rescarch community—are seti-
ous about doing the right thing for the resouree endowment and
the envivonment, then the proper reasurement of stocks and
flows ought o be high on the list of steps toward intelligent and
foresighted decisions.

The second and last step in my argument is more abstract. It
turns out that the measurements | have just been discussing play
a central role in the only logically sound approach to the issue of
sustainability that 1 know. [ “sustainability™ is anything more
than a slogan or expression of emotion, it must amount to an
injunclion O preserve pl‘mluCll\'L‘ capaaity for the mdeliite
[uture. That is compatible with the use of nonrepewable
resources only 1l sodiety as awhole replaces used-un resourees
with something else. As you will see when | return o this pomt
for a full exposition, the very same caleulanor that s required o
construct an adjusted net natonal product for current evaluation
of cconomic benelit is also essential for the construction of a
strategy ained at sustainability. This conclusion conlirms the
importance of a serious effort o dig out the refevant facts.,
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That is a briet preview of what 1 mtend 1o say, but before
going on to say it Lwould like to mention the names of the
cconomists who have contributed most to this line of thought.
They include Professors John Hartwick of Queens University in
Cuanada, Partha Dasgupra of the University of Cambridge,
England, and Karl-Goran Maler of the Stockholm School of
Econonues; my sometime colleague Martin 1. Meitzman, now of
Harvard Uhiversiy: and, more on the practical side. Robert
Repetio of the World Resourees nstitwie. | have already men-
tioned the carly work of Nordhaus and Tobin® Nordhaus has
continued to contribute common sense, realisim, and rgorous
cconomic analysis. Finally, 1 should confess that 1 have con-
tributed to this hierature mysell. My idea ol heaven is an ocea-
ston when apiece of pretty cconomic theory tarns out 1o suggest
a program ob empirical rescarch and 1o hwe implications for the
lormulation of public policy.

FINDING THE TRUE NET PRODUCT OF
OUR ECONOMY

Now I go back to the beginning and make my case in more
detail. Suppose we adoptasimplitied pictare of an cconomy liv-
ing m some kind of long run. What | mean by that awkward
phrase is that we are gomyg 1o ignore al those business-cvele
problems connected with unemplovment and excess capacity or
overheating and inflation. From quarter 1o quarter and vear to
year this cconomy fully exploits the resourees of libor. plant, and
cquipment that are available to .

Totake the casiest case—that of natuaral resources—Iirst.
imagine that this cconomy starts with a fixed stock of nonrencew-
able resources that are essential for further production. This 1s
arcoversimplilication, of course. Even apart lrom the possibility
ol exploration and discovery, the stock ol nonrenewable re-
sourees is nota pre-existing lump ol given size. but a vast quan-
tity of raw materials of varying grade. location. and case of
extraction. Those complications are not of the essence. so |
ignore them,

ftis ol the essence that production cannot take place without
some use of natural resources. But I shall also assume that it is
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always possible to substitute greater inputs of labor, reproducible
capital, and renewable resources for smudler direct inputs of the
fixed resource. Substitution can take place on reasonable terms,
although we can agree that it gets more and more costly as the
process of substitution goes on. Withowt this mimimal degree of
optimism, the conclusion might he that this cconomy is like a
watch that can be wound only once: it has only 1 finite number
of ticks, after which it stops. In that case there is no point in
talking about sustainability, hecause it is ruled out by assump-
tion; the only choice is between a short happy life and a longer
unhappy one.

Life for this cconomy consists ol using all of its labor and
capital and depleting some of its remaining stock of resources in
the production of a vears output (Gbr approximately).  Part of
cach years output is consumed. and that gives pleasure o cur-
rent consumers: the rest is invested m reproducible capital o be
used for production in the future. There are various assumptions
one could make about the evolution of the population and
employment. Twill assume them to have stabilized, since Twant
to talk about the very fong run anyway: Next vear is a lot like
this year. except that there will be more plant and equipment, il
net investment was positive this vear, and there will be less of the
stock of resources left.

Lacti year there are two new decisions: how much to save
and invest, and how much of the remaining stock of nonrenew-
able resources to use up. There is o sense in which we can say
that this years consumers have made a trade with posterity.
They have used up some of the stock of irreplaceable natural
resources; in exchange they have saved and invested, so that pos-
terity will inherit a larger stock of reproducible capital.

This intergenerational trade-off can be managed well or bad-
iy, equitably or inequitably, 1 want to suppose that it is done
well and equitably, That means two things.  First, nothing is
simply wasted: production is carried on efficiently. Second,
although the notion of intergenerational cquity is much more
complicated and 1 carnot hope to explain it fully here, the idea
is that cach generation is allowed to lavor itsell over the future,
but not too much.  Each generation can, in turn, discount the
welfare of all future generations, and each successive generation
applies the same discount rate to the wellare of its successors.

Y
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To make conservation an interesting proposition at all, the com-
mon discount rate should not be too large.

You may wonder why T allow discounting at all. 1 wonder,
too: no generation “should” be favored over any other. The
usual scholarly excuse—which relies on the idea that there is a
small fixed probability that civilization will end during any litle
interval of time—sounds farfetched. \We can think of intergener-
ational discounting as a concession to human weakness or as a
technical assumption of convenience (which it is).  Luckily, very
little of what I want to say depends on the rate of discount,
which we can just imagine 1 he very small.

Given this discounting of future consumption, we have
to imagine that our toy cconomy makes its inves: ment and
resource-depletion decisions so as to generate the largest possible
sum of satisfactions over all Tuture time. The limits o this opti-
mization process are imposed by the pre-existing stock of re-
sources, the initial stock of reproducible capital, the size of the
labor force, and the technolagy of production.

This assumiption of optimality is an embarrassing load to
carry around. lts function is primarily to allow the semi-fiction
that market prices accurately reflect scarcities. A similar assump-
tion is implicit whenever we use ordinary Gbe as a measure of
cconomic well-being. In practice, no douly, prices reflect all
sorts of distortions arising from monopoly, taxation, poor infor-
mation, and other market imperfections. In practice one can wry
to make adjustments 1o market prices to correct for the worst
distortion-. The conceptual points I want to make would sur-
vive. They are not to be taken literally in any case, but more as
indicators of the sort of measurements we should be aiming at in
principle.

Properly Charging the Economy for the Consumption of
Its Resource Endowment. Now I come to the first m.jor ana-
Iytical step in my argument. If you look carelully at the solution
to the problem of intergenerational resource allocation [ have just
sketched, you see that an excellent approximation of each single
period’s contribution to social welfare emerges quite naturally
from the caleulations. 1t s, in fact, a corrected version of net
domestic product. The new feature is precisciy a deduction for
the net depletion ef exhaustible resources. (11se .he phrase “net

10



depletion” because it is possible to extend this reasoning to allow
for some discovery and development of new resources.  In the
pure case, where all discovery and development have already
taken place, net and gross depletion coincide.)

The correct charge for depletion should value cach unit of
resource extracted at its net price, namely, its real value as in-
put to production minus the marginal cost ol extraction.  As
Hartwick has pointed out, if the marginal cost of mining
exceeds average cost, which is what one would expect in an
extractive industry, then the simple procedure of deducting the
gross margin in mining (that is, the value of sales less the cost
of extraction) will overstate the proper deduction and thus
understate net product in the

cconomy. I I may use the
jargon of resource cconomics [t seems to me that the
for a moment. the correct proper measurement of
measure of depletion for so- agquree rents is c,\'aclly
cial accounting prices is just | he fund of | l
the aggregate of Hotelling where the u.n( 0 nowl-
rents in the mining industry. edge embodied in 2n
That is "ﬂlc ﬂl’PmPl‘iullc way  organization like RFF can
to put a figure on what is i i feati :
lnkl(-n fro:ﬁlh(‘ ground in hn‘(’] ‘”'S.flpphca“onl'd T!]lis
any given year, that year’s m(dstugmc.nl would tetl us
withdrawal from the original Somelhmg mportant about
endowment of nonrenewable — the true net [)l‘O(]LlCl of our
resourees. own economy. It should
Fhis proposal presents also be an | . lic
two practical difficulties for 4150 btan ”?PUl ln.lO policy
national income accounting. decisions with a view to
The first is thar observed 5[15[;111];1|)i]i[y_
market prices have o be cor-

rected for the worst ol the

distortions 1 have just listed (that is, the disterion that would
result from deducting the gross margin in mining—overstate-
ment ol the proper deduction and understatement of the net
product in the economy). Making adjustments to market
prices to correct for distortions is attempted routinely by the
World Bank and other agencies in making project evaluations
in developing countries. We seem to ignore the problem of

I



such distortions when we use our own national income
accounts 1o study and judge the economies ol advanced coun-
tries. 1f we are justified in that practice, the same casual treat-
ment may be satisfactory in this context. (Not always, however:
the I‘n;\c observed fluctuations in the price of oil cannot be
accepted as indicating “true” values.)  Either way, this is a sur-
mountable problem.

I am not sure whether it is safe 1o be so casual about the sec-
ond practical difficulty that my proposal for deducting net
depletion of exhaustible resources presents for national income
accounting.  In principle, the proper measurement ol resource
rents requires the use of a numerical approximation 1o the mar-
ginal cost of mining. As T said, if marginal cost exceeds average
cost by a lot, then taking the ecasy way out Gust deducting the
gross margin in mining) would entail « large error by overstating
the depreciation of the resonree stock. 1t secms to me that this
is exactly where the fund of knowledge embodied in an orpani-
zation like REF can find its applicdion. Tentative caleulations
for the main extractive industries would tell us something
imporant about the true net product of our own cconomy: That
would be important not merely because it would allow a more
accurate evaluation ot the path the economy has been following,
but also, as you will see, because the measurement of resource
rents sheuld be an input into policy decisions with a view 1o
sustainab.lity.

Correcting National Accounts to Reflect Environmental
Amenities.  Preuy clearly, similar ideas should apply 1o a pro-
gram of correcting the conventional national acconnts o reflect
environmental amenitics Much more attention has been lav-
ished on envivonmental aceounting than on resource accounting,
and [ have very little 1o wld. Henry M. Peskins work (much ol
which was done here at REFY goes back 1o the carly 19705, and
the Organisation for Economic Co-operation and Development,
the World Bank, and the ULS. Department of Commerce are
preparing a framework for integrating national income and envi-
ronmental accounts. The sooner it happens the better. My only
comment is a theoretical one. Without oo much strain, it may
be possible to treat environmental quality as a stock, a kind of
capital that is “depreciated™ by the addition of polluwants and



I

“invested in” by abatement activities.  In such cases the same
general principles apply as to other forms of capital. The same
intellectual framework will cover reproducible capital, renewable

and nonrencewable resources, and environmental “capital.”

The data problems may

be altogether different, of

course, cspecially when it

comes to the measurement of

benefits, a nicety that does
not arise in the case ol
resource depletion. But the
underlying treatment will fol-
low the same rules. This
counts for more than lastidi-
ousness, | think. 1t would be
a real achievement it it were
to become a commonplace
that capital assets, natural
asscts. and environmental
asscts were equally “real™ and
subject to the samie scale of
values, indeed the same
bookkeeping conventions.
Deeper ways ot thinking

The very logic of the eco-
nomic theory of capital
tells us how 1o construct a
net national product con-
cept that allows properly
for the depletion of non-
renewable resources, and
also for other forms of
natural capital. Carrying
out those instructions is
far from casy. . . perhaps
RFTF could take the lead,
as it has done witi respect
to environmental costs
and benelits,

might be affected.

That completes the first phase of my argument, so T will summa-
r'=¢ briefly. The very logic of the economic theory of capital tells
us how 1o construct a net national product concept that allows
properly for the depletion of nonrenewable vesources, and also
lor other forms of natural capital. - Carrymg out those instruc-
tions is far from casy, but that only makes the process more inter-
esting. The importanc: of doing the work and doing it right is
that theory underlines the basic similarity among all forms of
capital, and that 1s a lessen worth learning. 1t will be reinforeed
by routine embodiment in the national accounts.  Perhaps RFF
could take the lead, as it has done with respect 1o environmental
costs and benefits.
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ANALYZING SUSTAINABLE PATHS
FOR A MODLERN
INDUSTRIAL SOCIETY

Now I want to start down an apparently quite different path, but
I promise that it will eventually link up with the unromantic
measurement issues [ have discussed so far, and will even rein-
force the argument 1 have made.

L do not have 1o remind you that “sustainehility™ has become
a hot topic in the last few years, begimning, 1 suppose, with the
publication of the Brundiland Commission’s report, Owr Conmon
Futwre, m 1987, As far as 1 ean tells however, discussion of sus-
tainability has been mainly an occasion for the expression of
emotions and attitudes. There has been very hitdle analysis of
sustainable paths for a modern industnal cconomy, so that we
have lide adea ol what would be required i the way of policy
and what sorts of outcomes could be expected. As things stand,
il 1 express a commitment to sustamabihy all that wells vou is
that Tam unhappy with the modern consumerist hle-stvle. 111
pooh-pooh the whole thing, on the other hand., all vou can
deduce is that Tam for business as usual. 1t s notacvery satisfae-
tory state of alfurs,

Understanding What It Is That Must Be Conserved. 1l sus-
tainability means anything more than a vague emotional commit-
ment, it must require that something be conserved for the very
long run. Tts very important to enderstand what that some-
thing is: 1 think it has 1o be a generalized capaciy 1o produce
ccononmic well-bemg,

It makes perfectly good sense 1o msist that certam unique
and irreplaceable assets sheuld be preserved for ther own sake;
nearly evervone would feel that way about Yosenute or, for that
matter, about the Lincoln Memoral, T onagme  But that sort
of sitwation cannot be universalized: 1t would be nerther possi-
ble nor desirable to leave the world as we found ™ m every
particular,

Most routine natural resources are desirable for what they
do. not for what they are. 1t s their capacity to provide usable
goods and services that we value. Onee that principle 15 accept-
ed, we are mthe everyvday world of substitations and trade-ofts.
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For the rest of this talk, Twill assume that a sustainable path
for the national cconomy s one that allows every future genera-
tion thz option of being as well off as s predecessors. The duty
imposed by sustainabiliey is to bequeath to posterity not any par-
ticular thing—with the sort ol rare exception [have mentioned—
but rather to endow them with whatever it takes 1o achieve a
standard of hving at least as good as our own and te look aler
their next generation simtlarly. We are not to consume humanity’s
capital, i the broadest senses Sustanabiliny 1s not always com-
pauble with discountmy the
well-bemg of tuture genera- 7
tons if there is no contmumg, | he duty i“‘PUSCd by sus-
technologieal progress Buc b tainability is 1o bequeath
will shde over this potental POSLerity notany partic-

contradiction because dis- L thine Ath e
count rates should be small Wk thing—with rare

and, after adl, there s techno- L‘\('t‘PUUHS such as
logical progress Yosemite, for example—
A that sounds bland. =y pgher o endow them

but it has some content. the (s T Ll
hatever it takes o
standard of Tving achievable I whitever T fakes 1

i the future depends on - achieve asandard of Tiving
bundle of endowmenis, in A I(‘;\\[ a8 \g‘(m(l A8 Our own
principle onevensthing that -y g ook afier their next
could it the cconomy'’s L R
capacity to produce econom- A“:C’“”“m”” similarly.

i well-bemg That includes \Weare not to consume
nonrenewable resowrees. of - humanitvs capital, in
course. but it abso metudes e hroadest sense.

the stock of phantand equip-
ment, the mventory of tech-
nological knowledge, and even the general Tevel of education
and supply of skills. A sustamable path for the cconomy 1s thus
not necessanly one that conserves every single thing or any sin-
gic thinge 10s one that replaces whatever st takes fromoits imher-
ed natural and produced endowment, s material and intellec-
waal endowment What matters 1s not the particudar form that
the replacement takes, but only s capacity to produce the
things that posteriy will emjoy Those ¢ pletion and investment
decisions are the proper focus.
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Outlining Two Key Propositions. Now it is time to go back to
the toy cconomy | described carlicr and to bring some serious
cconomic theory to bear. There are two closely related logical
propositions that can be shown to hold for such an cconomy.
The first tells us something about the properly defined net
naticnal product, caleutated with the aid of the right prices. At
cach instant, net national product indicates the largest con-
sumption level that can be allowed this year i futwre consump-
tion is never to be allowed o decrease.

To put it a lile more precisely: net national product mea-
sures the maximum current level of consumer satislaction that
can be sustained torever. Ttis, therelore, a measure of sustainable
mcome given the state of the cconomy—capital, resources, and so
on—at that very instant,

This is important enough and strange enough o be worth a
little explanation. How can this years NNP “know™ about any-
thing that will or can happen in the future? The theorists answer
goes something like this. The economys net product many vear
consists of public and private consumpuion and public and pri-
vate mvestment. (L amognormy foreign tade altogether: Think
of the cconomy as representing the world) The components of
mvestment. mcluding the depletion of natwral iesourees, have 1o
he valued That 1s where the “rightness™ of the prices comes m.
H the cconomy o its participants are forward-looking and far-
seeig, the prices of investment goods will reflect the markets
evaluation of thew future productvity, including the producuvity
of the Tuture investments they will make possible. The right
prices will make tull allowance cven for the distant future. and
will even take account of how cach future generation will look
its luture.

This story makes i obvious that everyday market prices can
make no clum o embody that kind of foreknowledge. Least of
all could the prices of natural resowrce products, which are
famous for ther volanlny, have this property: but one could
entertan legitmate doubts about other prices, oo, The hope has
to be that a careful atempt to average owt speculative movements
and 1o correct for the other imperfections | isted earlier would
yield adjusted prices that nmght serve as a rough approximation 1o
the theoretically correet ones. We act as it that were true in other
contexts. The important hedge s not o claim too much.
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While it is closely related to the proposition that NNP mea-
sures the maximum current level of consumer satisfaction that
can be sustained forever, the second theoretical proposition |
need is considerably more intuitive, although it may sound a lit-
te mysterious, oo, Properly defined and properly caleulated,
this vears net national product can always be regardea as this
years interest on societys ol stock o capital. 1t is absolutely
vital that “capital” be interpreted in the broadest sense to include
everyvthing, tangible and intangible, i which the cconomy can
invest or disinvest, including knowledge. Of course this stock of
capital must be evaluated at the vight prices. And the interest
rate that capitalizes the net national product will generally be the
real disconnt rate mphets i the whole story. Invesument and
depletion decisions datermine the real wealth of the cconomy,
and each instants NP appears as the return to society on the
wealth it has accumulated in all forms. There are some tricky
guestions about wige incomes. but they are off the main track
and shall leave them unanswered.

Maintaining the Broad Stock of Society's Capital Intact.
something interesting happens when these two propositions are
put together: One of then tells us that NNPatany mstant is a
measwre ol the highest sustamable meome achievable, given the
total stock of capitad avadlable at hat mstant The other proposi-
ton tells us that NN at any mseat can be represented as that
same stock of capital muluplied by unchangmg discount rate.
suppose that one goal ol cconomie policy s o make mvestment
and depletion decisions this yvear m away that does not erode sus-
tainable income. Then those same deasions must not allow the
aggregate capital stock o Bl To use a Victoran phirase, presery-
ing sustainabiliny amounts to mamtanung society's capital mtaet.
Let me say that moashehthy different wans speaking more pic-
turesquely of generattions vather than ol mstants or vears. Each
generation inherits acapital stock m the very broad and inclusive
sense that matters. In tarn. cach generation makes consump-
ton, mvestment, and depiction decisions. [t enjovs its own con-
sumption and leaves a stock ol capital for the next generation.
Of course, generations do not make decisions: famihes, firms,
and governments do. Sull ol all those decisions eventuate in a
very large amount of current consumption, clearly the next gen-
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eration might be forced to start with a lower stock of capital than
its parents did.  We now know that this is equivalent to saying
that the new sustainable level of income is lower than the old
one. The high-consumption generation has not lived up to the
ethic ol sustainability:

[n the opposite case, consider a generation that consumes
very litde and leaves behind it a larger stock ol capital than it
inherited. That generation will have increased the sustainable
level of income, and done so at the expense of its own consump-
tion. Obviously that is what most past geperations in the United
States have done. Equally obviously, they were helped by ongo-
ing technological progress. T have left that factor out of account,
because it makes things too casy. It could probably be accom-
modated in the theoretical picture by imagining that there is a
stock of technological knowledge that is built up by scientific
and engineering research and depreciates through obsolescence.
We know so little about that process that the formalization seems
almost misleading. But the factis very important.

A concern for sustainability implies a bias toward invest-
ment. That does not mean investment uber alles; it means just
enough investment o maintain the broad stock of capital intact.
It does not mean maintaming intact the stock of every single
thing; trade-olfs and substitutions are not only permissible, they
are essential. - Unfortunaccly 1 have 1o make the limp statement
that the terms on which one form of capital should be traded off
against another are given by those adjusted prices— shadow
prices” we call them—and they involve a certain amount of
guesswork. The guesswork has to be done; it cannot be avoided
by definirg the problem away. 1t is better that the guesswork he
based on careful rescarch than that the decision be fudged.

CONNECTING UP THE ARGUMENTS

Knowing What and How Much Should Be Replaced. Now |
can conneet up the two halves of my argument. Every generation
uses up some part of the carths ongimal endowment of nonrenew-
able resources. There is no aliernative. Not now anyway. Mayhe
eventually our cconomy will be based entirely on renewables.
(The theory T have been using can be applicd then too, with rou-
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tine modifications.) Even so, there will be a long meanwhile.
What should cach generation give back in exchange for depleted
resources if it wishes to abide by the ethic of sustainability? We
now have an answer in principle. It should add to the social
capital in other forms, enough to maintain the aggregate social
capital intact. In other words, it should replace the used-up
resources with other asscts of equal value, or equal shadow
value. How much is that? The shadow value of resource deple-
tion is exactly the aggregate of Hotelling rents. [t is exactly the
quantity that should be deducted from conventional net national
product to give a truer NNP that takes account of the ¢ pletion of
resources. A rescarch project aimed at estimaring that deduction
would also be estimating the amount of investment in other
forms that would just replace the productive capacity dissipated
in resource depletion. This is sometimes known as Hartwick’s
rule: a society that invests aggregate resource rents in repro-
ducible capital is preserving its capacity to sustain a constant level
of consumption.

One2 again, | should mention that the same approach can be
applied to environmental assets—the most complete treatment is
by Karl-Goran Maler—and to renewable resources—as in the
work ol John Hartwick. The environmental case is more complex,
because even a stylized model of environmental degradation and
rehabilitation s more complex than a model of resource deple-
tion. The principle 1s the same, but the execution is even more
difficult.  Remember that even the simplest case offers daunting
measurement problems.

Translating Sustainability into Policy. [t is possible that the
clarity brought to the idea ol sustainability by this approach
could lift the policy debate 1o a more pragmatic, less emotional
level. But I am inclined to think that a few numbers, even
approximate numbers, would be much more clfective in turning
discussion toward concrete proposals and away from pronuncia-
mentos.

Suppose that the Department of Commerce published rou-
tinely a rcasonable approximation to the “true” value of cach
years depletion of nonrenewable resources. We could then say to
ourselves: we owe to the future a volume of investment that will
compensate for this years withdrawal from the inherited stock.
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We know the rough magnitude of this requirement. The appro-
priate policy is to generate an cconomically equivalent amount of
net investment, enough to maintain society’s broadly defined
stock of capital intact.  Of course, there may he other reasons for
adding to (or subtracting from) this level of investment. The
point is only that a commitment to sustainability is translated into
a commitment to a specifiable amount of productive investment.
By the way, the same sort of caleulation should have a very
high priority in primary producing countries, the ones that sup-
ply the advanced indusuial world with mineral products. They
should also be directing their—rather large—Hatelling rents
into productive investment.
They will presurnably want to
invest more than that,
because sustainahility is hard-
ly an adequate goal in poor
countries. In this perspec-

It is possible that the clar-
ity brought to the idea of
sustainability by this

approach could lilt the
policy debate to a more
pragmatic, less emotional
level. But Tam inclined to
think that a few numbers,
even approximate num-
bers, would be much more
effective in turning discus-
sion toward concrete
proposals and away from
pronunciamentos,

tive, the cardinal sin is not
mining; it is consuming the
rents from mining,

It goes without saying
that this concrete translation
of sustainability into policy
leaves a lot of questions un-
answered.  The split between
private and public investment
has to be made in essentially
political ways, like the split
between private and pub-
lic saving. There are other
reasons for public policy to
encourage or discourage in-

vestment, because there are social goals other than sustainability.
One could hope for more focused debate as trade-offs are made
more explicit.

[ want to remind you again that environmental preservation
can be handled in much the same way. It is a more difficult con-
text, however, for several reasons. Many, though not all, environ-
mental assets have a claim te intrinsic value. That is the case of
the Grand Canyon or Yosemite National Park, as noted carlier.
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The claim that a feature of the environment is irreplaceable, that
is, not open to substitution by something equivalent but differ-
ent, can be contested in any particular case, but no doubt it is
sometimes true. Then the caleutus of trade-olfs does not apply:
Uselul minerals are in a more wtilitarian category, and that is why
I dealt with them explicitly:

Yet another difficulty is the deeper uncertainty about environ-
mental benefits and costs. Marketed commodities, like minerals
or renewable natural resources, are much simpler. 1 have admit-
ted, fairly and squarcly, how much of my argument depends on
getting the shadow prices approximately right. - Ordinary trans-
action prices are clearly not the whole answer: but they are a
place to start. With environmental assets, not even that bench-
mark is available. 1 do not need to convinee this audience that
the ditficulty of doing better does not make zero a defensible
approximation for the shadow price ol environmental amenity. 1
think the correct conclusion is the one stated by Karl-Goran
Maler: that we are going to have to keep depending on physical
and other special indicators in order to judge the cconomy’s per-
formance with regard to the use of environmental resources.
Even so, the conceptual framework should he an aid to clear
thinkimg in the environmental field as well.

Maybe this way of thinkmg about environmental matters
offers a way out of a dilemma facing less developed countries,
The dilemma arises because they sometimes find that the adoption
of aeveloped-country environmental standards makes local indus-
tries uncompetitive in world markets. The poor countries then
seem Lo have a chowee between cooperating in the degradation of
their own environment or acquicscing in their own poverty. At
least when pollution is localized, the resotution of the dilemma
appears to be a controlled trade-oll between ancimmediate loss of
cnvironmental amenity and a gain in future cconomic well-being,
Temporary acceptance ol less-than-the-hest environmental condi-
tious can be made more palatable if the “rents™ from doing so are
translated into productive investment. Higher incomes in the
future could be spent in part on environmental repair. of course,
but it is general well-being that counts ultimately.

Notice that [ have limited this suggestion to the case of local-
ized pollution. When poor countries in search of their own cco-
nomic goals contribute to global environmental damage, much
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more dillicult policy questions arise. Their solution is not so
hard 10 see i principle, but the practical obstacles are enormous.
[n any case, I leave those problems aside.

CONCLUDING COMMENTS

That brings mc to the end of my story, T have suggested that an
innovation in social accounting practice could contribute 1o
moice rational debate and possiblv o more rational action in the
cconomics of nonrenewable resources and the approach 1o a sus-
tainable cconomy. There is a trick involved here, and 1 guess |1
should confess what it is. Ina complex world, populated by
people with diverse interests and tastes, and enmeshed in unceer-
tainty about the future (ot to mention the past), there is a ot 1o
he gained by tansforming questions of ves-or-no mte questions
of more-or-less. Yes-or-no - lends nsell o stalemate and con-
frontation: more-or-less lends stselt 1o trade-ofls. The ek s 1o
understand more of what and less of whai. This Tecture was
intended to make astep in that divection.
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