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for goods, services end amenities. The progmosis for the future of civili-
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?mééﬁmma; limitations on resource availability will become increasingly

important, as present end future gemerations atméﬁ?t to satisfy.thgix? domends

»

" zatfon is meertain, but the pore pes&iskﬁs;iq predictions paint anm ugly

picture {Meadows, et al.; ﬁgiiﬁmmﬁ-} . In this paper, some relevant ccncepts

are pmsentéd and some broad-brush policy spproaches suggested.

The production and consumption of mw;az goads end gervices (M.6.8.)

i mmicas

ond eamrmnml cmem?:iw is suh;ect to resource scarcity.
mst be made a8 to the wiz of M G. S and environmental asmenities to be
produced in any time period, and the miati’m size of the totsl consumption
ﬁundle in each time perioed. What kmés of things will each generstion
censume » and how much will each genevation consume relative to preceding

and future gensrations?

Intoxtemporal Allccatien
iet us sxamine first whst egonomic theory suggests about the problem
of intertemporal anecatisa and, second, wha\z: some fundsmental laws of
physics indicats. Are our econcmic growth models censistent with the

physical laws governing the operation of our universe?

Growth Models '
The problem of ei:cnw_ié growth has often been snalysed as one of
determining the aptimly rate of ca;sita;i' eccumulation in a world where
resources are imexhaustible, The results obtainad by Dorfman are tygic&l,,
If social welfare is meximized :m the long vun by saximizing the present ‘
///WAWJ%/ ’%WJW /%Ed
| | v
(a/ymlgwg ﬂﬁ7 /0~ /3 /4755 _

: | UNlVERSITY OF CALIFORNIA [
0 V) ‘h DAViS



value of consumption over tims, the fate of consumption in cach tisme

- paricd must be cliosen so that the marginal productivity of capitael is
equal to the sum of (1) the social discount rate, (2) the rate of ph sicel
detevioration of capital and (3) en expression representing the additional
psychic cost of saving s mmit of cepital st the beginning of each tize
period rather then the end. FProm Dorfmen’s model, it cen be deduced that
the optimal grﬁsth‘gaﬁhs, under wany conditions, approach the situation
ia which consumption and the cspital szock grow exyaﬁeﬂtiaiiy sﬁ a Tate
ﬁ@téfminad by‘ths rates of population growth end techuologleal change.
Gnee an optimal growth path is sttained, any further growth in per eapita
conswrption is wholly dopendent on technological chamgs. "Platesu™ con-
sumption depends aﬁ'ﬁﬁﬁ socisl discount rate, higher discount rates re-
solting in lower steady state consumption per capita.

Turnpike models guch as Dorfuen’s sye highly umrealistic, Hever-
tholess, they ensble identification of 3ev@rai key varigbles: the socisl
discoumnt f&t@, the vate of population growth, the rate of technological
- chenge, #nd the rate of physical deterieration of capital. '
Selow, and Dasgupta and Hesl have constructed sore sophisticsted .
- models which permit the imclusion of exhaustible resources. They show
‘thaa, even with the optimistic assuwption thar technologicel Frégress 5
‘the resource base ere adeguate to pewmit a}%ﬁgh steady state level of
consumption, the application of 2 ?ﬁ@iti#ﬁ.8@6i$i dizscomt rate may vesult
in per capita comsuppticn ténding as?m@toaiﬁaily ta’:@r@. 'In other words, '
& so¢iety may ck@ose 8¥8ﬂi&ﬁl extax»tﬁsa, '

Solew takes us one zﬁpegtant step f@x@her by comsidering the

possibility of substitution of inexhaustible inputs for erhaustible



TEIOUTCES, ﬁis conclusion is that if the eimticity of sub:stiwti’oa
betwesn exhaustible resources and othér inputs is onse ov gr@amr, and

ik‘ the elastmit}' of cutput with respact to reproducible capzta}, excm
the elasticity of output with respect to natml resources, then a c@eae;wm
population can mmmin o constant level of per ca;aﬁ;s cmasu@tian into
the very long term future. If either of these csnéiti@m £ails to be
m&i&ﬁe&, the highest level of emum;}tzm which can be mainteined imge
the long, long term is zevo. Neither Solow mov this suthor can offer m
empirical g@id&:ca as to the likelibhood of fizaﬁlzmt of téw_se necessary .
conditions. However, it must be n@'&é& that their fuifiliment 4in the leng

term will vequire considerable and contimwed humen ingsnunity.

Teo Lawg of 'fkem&wmif:s

The laws of mewmﬁynmas provide knowledge sbout the functioning eof
cur universe which sound ecomomics cennet ignore. Let us look at the
Sensad Low (the entropy Law) fivst, This law states thet the entropy of a .
clossd system comtinuously immas, or that the order of such & gystem
turns steadily to disorder. It indicates that our wniverse will imexorably
.“m-mﬂ or exhaust itself in the very lomg run, evem in the sbsense of "
sonts ectivities, The activitias of men in incressing the yato of wﬁ:@i&
degradation bring the insvitable end closer in time {Georgescu-Roegen). |
Thus, the long-tern economic problem is best enalyzed in terms of adfusting
the rate of conversion of low entropy taikigh éni:rbpy or, perhaeps a@xe}
.Mié&liy, the rate of exhaustion of sur wniverse,

The entropy law has great véhm in clarifying several of the issues

pertinent to inimn@xxsgwal sliccation snd growth theory.
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It places the role of technology in perspective, For the mest
part, technology does not “expand the size of space ship earth
along those dimensions that are most significent for human

existence,” es Ruttan (p. 708)and Schultz (p. 238) would have

 us bolieve. Rather, the techunologiss of the industrial and

post-industrial revelutions have mostly ensbled us to con-

sume and otherwise oxhaust our universe st an evVer-~inCreas-

ing rate, making massive transfers of wealth from future 1o

present genevations. However, not all technologies ave equally

destructive to low entropy por umit of value produced.  The

- search for and isplementation of techmologies shich are less

destrustive of low entropy would seem to be.a potentially we-
warding actiwit}* ‘
Iz ensbles us to gsemim the ngichotomy® of W@ﬁwiﬁw

z The

versus {rreversible chenge ss really & cemtlramum.
nonexistence of reversible change esphasizes the need
for “with" and "without® project anslysis snd the inclusion of

pressyvation values in pooject evelustion, It also pro-

" vides a useful warning that recycling has inherent limits.

The kind of partial recycling which is possibls is mot
sﬂfi’icmnt‘ to make any exhaustible resource mﬁxhau;stﬂ?zé.
The determination of the efficlent degree of recycling is
itself an economic prcbiam‘

it focuses our sttention om the use of flow resources se.s.
s means of increasing the value of s:gztpgi per unit of

entropic degradation, at the same tims warnisg us thet



flow reseurces do not quite offer a panaces in the ul-
timate sanss.s

‘ The Pirsi Lew of f&eyﬂmdyﬁamias (&ha principle of comservation of
metter~energy) is alse pertiment. Since neither production :wr ConsSuRp~
tion is a waste~free process {Ayres end Knsese), and sinco waste
disposal is costless in neither momey nor entropy torms, increesing
consumption and/oy investment increases the rate of @nzfﬁpic»&egraﬁatiaa
Uy increasing the desand for low gatropy for waste disposal '{as well as

in the ways discussed sbove).

Long-Term Prospscts and Policliss

The impect of careful considerstion of these two laws of ther-
modynanics is to mag%ﬁfy somewhat the pessimism of the more pessimistic
Findings presented by the growth theorists. Our currest policles sm-
phesize the development end lsplementetion of tachmologies which make
US BOTS a«ffméi% in the exhsustion of ethmxsti&xé Tosougces, and appear
to be based upon a social discount Tete somewhere nesr gﬁe epportunity ‘
vost of capital in the private sectexr {which is wgiﬁi% snd velatively
high). Cnnxiauatiaa of these policies into the long term seems certain
te result in Solow's e&m where -consumption eventuslly declines to zern,
it i# ieft to others to estimate or guess how far in th@vfﬂtur@ ﬁhﬁs %ili
otcuy. Howsver, it does not seem unreslistic to sugrest that the
» intervening time mey be messured in hundreds rather than millions of
yoars., ‘

It is wseful, 'm@wn to coasider the kinds bf policy changes n

which may prolomg the span of human civilizaticea, Ia research and



develogment, cmphasis could bs plsced on finding modes of productien snd
- consunption w’m& increase entropy ¢ffielaney. A wore entyopy efficiont
prooess 13 siwply oae which produces o grester value of cutput por uniz
of satropic degradation. The uso of flow resources sad the Jovelepmont
&f mope entzopy officiemt mmwkmw (e.5. those which rodece friotism,

gemetic fageovoments in plamt and mimal gpecies, ete.) sre potemtial

thods of incressing evtvopy efficiency, And, it seems thet the mexi-
misgtion of the 1&:&@««% weifuve of ﬁv@ Bapeom wm&@;a mﬁﬁm& & Mg%a
lovel ¢f entropy wﬁfﬁmémw, | | _
The sooial rate of tins prefersnoe, weds effective through the svelal
dheusemt robe, dutermines ths rate 2t which wo, o3 the em baud, invest

for Beture gonoratioms snd, om a:m m@, "gell out™ Suture genarations |
by exhsusting thedr umiverse witheut their eonsent, Purther, vhers
sxhaustible vesources are privstely beld, in the sbssnco of policies to

| ths @mww, the decision to hold or to extract those resources will
depend on the market wote of interveat, that is, the price dﬁ coapital, Fox
- & Mﬁ:&w holder to continus holding, he sust sepect the ﬁ@t price of the
mmrce {i.e. mz of extrection snd merketing wms} o continue gmmg .

exponentially &t 2 rete ot lsast muﬁ o the rats of M‘n@mt ia m

private sector (Hotelling, Solow),

For those who wuld prefer to ses socisty provide nore geuerously
 for future geporstions, two Rinds of a?mwm@ vate problems avise., (1)
There is no good ressen o sosums the werket rsts of iﬂm@w&, which is
- oozablished in velatively short-torm cepital m&wm. to be m@a& o the
accial xats of tise preforence applied to the exhsustion of mmmm -

ww the very xmg germ. Since futuve goneretions {m% s todey's



children) are mot shle to rm@mmt th@mﬁi*f@ﬁ- ian today's markets, their
‘welfors,is a collsctive good. Olson provides esple reascn to exgect umder-
W@*f&%é@ﬁ of ézmh & good in ﬁ?w sarket. (2} There iz no good roasem TO
essume that o psliticslly determined social éismt rate will assurs
intorpomerationsl equity, Puturs g@mmﬁ@m sre unshis to reprosent
thezselves in the g@ki&imi aﬁm&, A politicelly determined secial dis-
cownt rate will st bust reflsct what toedays sdults {weighted by their
polizical m@r@} are willing to provide for future genersticons,

One eay 2xpross the plous, but perhaps futile, hope that seme
coehinstion of zltruisa aﬁé survivel instinct of hupanity will result in
- gome reduction of the social rate of time prefercace, expressed in
reduced socisl discount rates. These who find the ocutcome of capital
markets accopteble for the short-term allocstion of cspital but not for
the izat&%@n@ratiami allocazion of exheustible rescurces will perhaps
opt for policy solutions such as a system of graduated soversnce taxes,
€31ling throvgh tims, on eﬁmm&%imé pesources {Solow).

Long-tors solutions will require not only sowe sdjustments in fotal
eonsumption (and it should be noted that the prospects for per copita
eorswption can be improved by etabiliaing population), but elso adjusg-
ponts in the zonmwopiion miz, As entropic degradation continuss, it csa
 be expected that volative scarcities will chenge. Thase changes will be
reflected, sooner or lster, in changing relative prices and/or shadew
prices. Adjustments in the consumpticn habits of consumers will be

necessitated.

»~

Bogsource Allocation for the Near Futurs

8o fax, mﬁ;s dismsiw'm procesded in terms of eggregats cone
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susgptien ovey the lemg-tewm. low, 1ot us consider vosource alleccation end
the wix of goeds ond eswnities to be profuced in the shovt-term, This is
the kind of problom which ec

The static theory

OROICS 55008

of roscurse slloeation 13 sost imstructive, met

insiens it generatos bue also in the sspusptioms vequired

hase conciusions.

If ectusd dizseibanioss of income, wealth, legal zishis, sto., oo
incide with the distributionel prefovences of soclety, €f all ﬁ@m aTe
mam@mﬁamg, m@, 1f 811 of the rogeivensnts of pure ¢owpe
satisfied, uafottened merbets will result iz scedslly optimal production
the existing testes

emd conswnytion peitens, given pesouvcs scarcity sad

’ 25 in those markets.
it weuld be oo opdunum tesk to cospile en vaabridged componds

@ weps in whieh tho essamtial cendittans ere viclated in ¢he veal

end profurences of the perticip

worid. ééwmm geme violstions which sxe sapscislly portinent to the
roaourses issue will be emumersted below, |

e} Theve is ne ovidense thet the dletributione
coincidont with solsl peoferences, svd considerable suspicien .
in soms quarters that they sxe mot. |

B} PResource markels, pavticulerly ln emergy @@ﬁ

gppear o bs especd

lally susceptible to moncorpediti
flucsova, Intornational cartels of vesourcs exporting
rotions heve wﬁ&m; pothaps MAy in

rosponse to a long

history of internetional corporate oligopoly im the ex-



trection end mavketing sectors. ammw oligopoly is po

ionger confined to individual resouvces. Energy s@aglmme@s, ‘
for example, threaten to wodify ﬁz&%imﬁaﬁ p&&tm, By é%asag-» :
ing B,smg«%i:ammhm.pﬁcé cross elosticities ca the supply siés.

€} ﬁg&w iz not unknown

for 8.€.5. and seens elmest the zule rather then the ox-

in the Wkem

ception in machets for savizonmentsl smemities. ,
) ‘ ¥noese, have rediscoversd the

duction and total conmarption bave boen @:@l@ﬁﬁé Woste
disposal is on intogrel past of product

&w m& ‘consymption

Ta sffest, the prod smd consurption éif %.8.5.

zm t@ vLe mwzmm&x TeSTUTLes m rm@ the ﬁ’zw af

rormratal amendtics. , ,
there the ag@msa of waste éisporal is extermsl to the
ecternality is pervasive rather than wnusual ond enpirically
hﬁkmﬁmﬁ, Bithout corzecstive secial mzﬁm, in m
of mwﬁmi&mp pries modificetisn, oz vedefinitica of proper cy
ﬁg&w » the mavhet will wndes :
The preblen is brosder then indicated by the more vestrictive
docinitions of extornality, in thst eavirens

private econcmic caleuletions of produc

provide envirommon

ave ofton of ﬁm eomam property veviety sod wﬁmmm!

smmnitios ave often pblia goods
, &%ﬁm&i@ of Property ﬁ@ts often m‘mﬁ feva govems

mand aodion, mﬂi&uﬁw&y in the mguimm ﬂ@&é, Thus,
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govesnpent is a mjm’ contributor to ths Iist af market im-
mrf@e:tmns.

spacts that, even in the sbsence of the k:isa@s of market im-

perfoctions discussed above, soms serious edjustment 'mbl@ would face
o society ‘isa the near ?:@rém. The changss in mi&:‘iw scarcity and gsz-més
viich we eve now experiencing are not entirvely due to mariet imperfectioms.
The lmmonse production of M.G.5. in aggregate and the mzm.ar kinds

of #.6.5. we are producing (i.e. kinds which sre often highly destructive

of low emtropy) suggest that ciefpie%:iéa of st least some resources is well
under way. Thus, sces relative end ebsolute changes can be expected iia
resource prices, n@cemitagmg a@.justmn&s‘ in cmmﬁ@ habits.

Sharp changes in the pattezns of velative and zbsolute s@miﬁy are
likely to have major distributionsl conssguences. Thus, it is important
to assurs that the costs of dislccation and adjustment are not borne dis-
proporticnately &y the M&, Since price changes are e@m&iax to provide
ths incentive for chenging <

sotion habits, it is best that perverse
sodistributionsl comsequences be alleviated by lump sum transfers.

Tho short-ters needs, in the mwst general terms, sye for policles
aimed st (1) promsting distributiomel justice, (2) promoting m@iiﬁ%
structures (or structures which perforn in the 'mmx of ﬂ
structures) in mmm@‘ markets, (3} eliminzting, to the extent possible,
_m&@t iwerfm&imas sttributsble to attenuated structures of property

ﬁ“@zﬁ » and (4) essisting, or at lsast not impe

ﬁg, the m@ss of
sarket Mjmtmt to changing relative gcarcity.

Boconcliling the Imsediate and Long-Term Solutions
The long-run outcome will be largely the result of a lemg sequence
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of short-term policy decisions to solve short-term problems, or "crises™,
as we typically call them. -HOwevér,,I have serious reservations about some
of the policy directions in which our crisis mentality seéms to be leading
us . | . . » -

If it can be agreed that the iong-term problem can best be attacked
by the reduction of prevailing rates of time préfcrence, the development
and use of entropy efficieﬁt’techﬁolegies and flow reséurces, and the ad-
justment of consumption habits to the emerging realities of scarcity,.th@n
the policy question, in simplistic But nevertheless useful terms, is to
find Ways to make the necessary adjustments without causing excessive dis-
locations and demanding excessive sacrifices frbm present generations.
Policies for the near future must start us moving in directions compatible
with and centributéry to the long-term solution,

- Economists are long &ccuStﬁmed_to using prices as the best indicators
of the interactions of scafcity and consumer demands. However, in analyses
designed to identify long-run solutions, the uncritical use of existing
prices is dangerous, for the reasons discussed below (in addition to those
suggested by market imperfections). Crucial prices can be éxpected to
change drastically as cur'uncertaiﬁ future unfolds. Technological develop=
ments #111 change cost ratios in‘proéugtion while future demands of M.G.S. .
and environmental amenities are most uncertain. _Human'values are funda-
mental to utility.functions, which are‘fﬁndamentél to the price'fatins of
Qooﬁs, services and amenities, Yet vélue systems cén be expected to change,
as a result of picpaganda; in‘accqmmodaticn to new views of reality (we
gre already seeing some of this reflected, for example, in the market for
automobiles), and‘in other ways not well understood. And if, as some

believe, the present value system of our culture is incompatible with the
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1qag~ter§ survival of ocur civili?ation,.the process of changing value
systems might fruitfuily be encouraged. All ef this éxoﬁides 2 warning
that the implementation of solﬁzions {particularly those invq;ving massive
and perhaps’?ubiicly subsidized capital invastment)‘baSsd on”current prices
may perpetuate our problems by delaying essential adjustments in technology
and human demands. |
~These considerations suggest that research to idéﬁtify and‘evaluate

policy solutions must incorporate materials flow analysie and energy
| budgétiné (better yet, entropy budgeting, if techniques caen be made
applicable) into economic analyses.s Eﬁéry budgeting, for exa@le s .is
potentially helpful in peridiag early warning of coming changes in
5cérci&y aﬁd price reiatinﬁships.

One suspects that some of our current policies are quite myopic, viewed
from thé perspective suggested atove, Policies aimed at simply substituting
somewhat less scarce fossil fuels for the very scarce ones may fall in that
category. It is easy to see why coal gasificatian.and'liquefaction are
receiving encouragement: the final produtts are camyatible w;th‘existing
systemé for distribution, marketing and end usa.‘bin that seanse, thé process
of short-term adjustment‘to scarcity of oil and natural gas is easéd. Yet;
supplies of coal wiii‘not last forever‘aﬁd in the interin preceding ex-
haustion (a pefied‘af perhaps no more than a féwuhuﬁdred years, at éurrent
Tates of use),“expanded rates of exﬁraction will come at increasing costs
in terms of both money and environmental amenities.g Nuclear ensrgy
‘production based on breeder reactor technology w@ul& enable us to utilize
en exhaustible resource which is expeéted to last hundreds and possibly

thousands of years. However, future generations would be left with the



burden of the perpetual care of plutonium, which is both extremaiy taiic and
8 prime weapon material (Krutille and Page). Shale oil appears to be avail-
able in large quantities, but its extraction appears to be both environ-
mentally devastating and of relatively low emergy effiéiency"{i.e. the
amount of energy used in extiaction approaches the amouﬁt produced).

One wenders why flow sources of energy, the sun, the winds und even
the tides, have received research and deyeloﬁmant expenditures which are
only é small fraction of those devoted to these exhaustible resourcss.

One answer may lie in the'area of property righis. Priéatc sector
sntrepreneuri cauld‘expect to capture the patents to teéhnélogies the;
&évelop,>but not thg ownership righis to the resources whose value is
suddenly increaséd. Regardless of any institutienal_reasohs'for our
énrreﬁt low levei of éffort.in developing flow energy sources, one
suggestion emanating f%bm the logic developed hereih is that more effort
_ shouid be made..‘

| Thése arguments are not intended to deny the nged fbf continued
exploitation ef‘exhaustible resources, That is essentizl, if for no other
reason, to ease the burdens of adjus;ment_placed on present g@neraéicns.
However, a shift in emphgsis toward utilization of flow resqurces'seams
called for, starting~immédiateiy.lo | |

éne may also be criticai of policies which seem aimed at.slawing the
‘adjustments of consumers to the emerging realities. Continued and sub-
stantial public expendituré on highéay developmeﬁt is one example. It
seems that adjustments in the use of petroleum products {not enly as
gnargy sources, but also iﬁvth@ ?roduﬁiion of a wide range of goocds in-

cluding pesticides, fertilizers and plastics) must be made eventually, if



-l
not imm@diately.ll
There are indiaatiamsvﬁﬁat it is current pokiéy to allow the under-
provision of environmental amenities in general (ecéurwiﬁg in the first
instence as a result of pricing problems in externality emd public goods

12 pven if this is consistent

situations) relative to M.5.5. to continue,
with current voter preferences (amd I do not concede that it is), it seems
inconsistent with any acceptable long-run solution. |
Thé above comments sre directed primarily at American soclety, yet

an intexnaﬁianal perspective is alse essential, Pbpulatﬁau prossuree, if
unchecked, combined with the traditienal use of less developed countries
gs suppliers 6f Taw materials (ofien exhgmstible resources) to more

prosperous countries, seem to gusrantee that per capita’cgnsumytion iﬂ rany
| ﬁf the L,D.C.{s will not rise to the léveis enjoyed in western Europe and

15,14 This suggests the need for 5triﬁgent population contyel

Noxth America.
in many L.D.C.'s. It may evén be desirable to encourage this process by
offering some intarnatioﬁ&i redistribution of income and wealth as a qgid
pro qué;

In the mors prosperous nations, population growth ssems to be slowing
dovm. C&nsidering, particularly, the impact of population in reducing the

level of environmental amenities, it seems there is nothing to gain ﬁmmﬁ

a reversal of this trend.

Concluding C@mﬁ@nts
The doomsday predictions, p@?haps typified by the Club of Rome report
{Meadows, et al.), sesm to have been largely discounted. However, there

is no serious disagreement that, if the world econcmy were to maintain its
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present course, disaster would strike in a relatively few yesrs. On the
contrary, the prewaizing axgumént is that the doomsday theorists have
gxosﬁly inderestimated the humaﬁ sbility to make adjustmentﬁ in teehnoiogy,

rasource suﬁstitutxom, and cunsumptlon hablﬁs.
Ev&n the so-called "agtamzstxa“ studies such as the Ezdker r@p@rt“s
amplify the nesd for such adjustments. Public policy must be directed
at encouraging the essontial adjustments without placing excessive burdens
on present genératiens. Some directions for public policy éaa be s@ggast&d.
| g) The rate of rescurce exhaustion and, wmore g@ﬁér@liy; entropic
degradation, which has been increasing apace, must be de-
creased. Appropriate policies inclu&e {1) the reduction of .
the social rate of tiﬁe preference, (2) 2 systém of graduated
severance taxes,bfailing‘thtaugh time, on exhaustible resources,
{3) 2 conscious policy of risk aversion where disasternus«‘
outcomes reversible at great expense, 1f at all aré possihle,
and (4) conscious efforts to control population gtbwth; |
‘E) The development and'implam@ntaéian of technologies to 355, 
. flow resgurces should be encouraged through (1) ingeniéus
modifiaaticns to the system of property rights and (2)
direct public investmmnt, to the extent that efforts
through (1) fall short of achieving the goal.
c) Efforts to end the systematic underprovision of environ-
mental asmenities {resultiﬁg from markai‘imperféétians),
begun in earnest zn ‘the first few years of the current
16

decade, should be continued without interruption,

d) Inc:eas;ng.scarcity {perhaps with the exception of that



stexibutsble to moaopoly influsnces) should be milowed
to be raflccted in morket prices. Suddem, shocking end
pozverse distributional consequences should be aizeﬁawé
© through lusp sum transfers. . =
Mo pelicy can ropesl the emtropy law. However, the kinds of p@iﬁ,@ﬁ.@s
sugrested sheve will sllow ws to live with that lav s boot we cam,. fad,
that seewms eminently desivable. | ‘

-w



~ Footnotes

Alan Randall is Associate Professor aflﬁgricuitural Economics st the
Uﬁiversify of Kentucky, Lexington, K? 40506,

This paper ( | } ié published with the approval of the Di;@etﬁr of the
Kentucky kgriéultural Experiment Staﬁion. The conments of Dick Norgasrd,
Angelos Pagoulstos, and others helped me'elgrify several important points.
The views expressed herein, however, are nine alone, The superficial
treatment of ESRY issues and the onmission of others is not_ﬁc my taste,
but is occasioned by space limitatioms.

lrha key words in this sentence are not quite the same as these in the

title. This redefinition of the topic at hand is deliberate.

M.G.S. is difficult to define with precision. However, we can in-
¢clude, as a first-appraxima;ioa,bail of those items which are market
goods and serviﬁes (i.e. those which coﬁtribuie to the Gross National
Product). Growth is then a secular aﬁd continuous increase in the ocut-
put of M.G.8. By focusing on the 0u$?ut of M.G.S5., we place growth
in its proper prospective. It isxsimply ene of the possibiliti@s for the
future: stagnation, decline, and unstable patterns involving phases of
growth, stagnation and/or decline aré the other pOSSibilities.

Envirovment is a complex matrix of envircommental émenitiaa, which
are of value to consumers élthough often entering G.N.P, indirectly if

at all, and resources.

N

“Since all change involves some entropic degradation, no change is

_ complétely reversible. However, many changes are partly reversible, i.e.

they may be reversed at some finite cost or, in other words, if some
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finite amowunt of low entropy is introduced into the system. The polar
cases of the continuum will seldom (irreversible) and never (reversible)

be observed,

3The characteristics of flow resoufces place some limitatioms on thgir
potential uses, {a) No rescurce wil; continue to‘flow at an undiminished
rate forever. Tae flow of solar energy, however, is expected to continue
for a very long time. (b) The iate of flow of a flow resource is for the
most part unresponsive to man's attempts to cantroi it. {c) A flow re-
source must be used when it is provided. If not used today {or at lsast
ceptured and stored) today's flow cannot be used tomorrow. (d) Flow
resources tend to flow inte stocks. Thus, all of a flow cannot be used.
without lowering a3 steck. Capture of a substantial proportion eof the |
flow of solar ecnergy may lower the temperature of the earth. (ej All
but the most primitiv§~prcduction processes using flow resources seem

to require the stimultaneous use of some exhaustible resources.

4see Bartlett for some insights into the relationships between political

and economic power.

SThat is, fully specified, rigidly enforced, exclusive, transferable, and

in no way inconsistent with the marginal equalities necessary for
'efficiency.
6The author prefers this latter approach, to the extent that it is

feasible. He is aware of some of the limits to its feasibility.

?This implies elimination or modification of many existing public policy

and regulatory instruments.



8Emergy budgeting alone, however, is also misleading. Some forms of
exergy and low entropy can be used more cost-effectively than others.

Gutputs'are not all of equal walue.

~

gTh@r@ is enother, short-term, reason to be wary of immense investments in
coal conversion. The current price of cil contains a large element of
wonopoly profit which.gguﬂd be reduced at will. O0Oil substitutes pro-
duced from coal could overnight become the higher cost alternstive.

lﬂﬁ major problem facing the policy analyst is the scheduling of the

depletion of each exhaustible rescurce and the. implementation of
technologles to bring flew resources om line. The risk averss will

spply the principle "better too soon than too late™ to the latter,

-

llThs monopoly element in current petroleum prices makes all policy
pronouncesernts subject to revision on short motice.

1203 the other hand, particulsr goals proposed by public agencies (e.g.

"zero dischargs™ into the nation's water ways) go bevond the efticient
level of intexmalization and, if doggedly persued, would result in
overprovision of some kinds of environmental smenities.

15"If the whole world develgpéd to American stendards overnight, we

would Tun out of everything in less than 10 years®, (Beulding, p. 166).

IAThs exceptions occur where it is possible to extract huge monopoly remts

. on rav materials for 2 long and continuing period (as the OPEC nations

have done for few years, as of now).

lsaidker et al. estimate that rssource scarcity will cause fow severe

shortages in America during the next 30 to 50 yesrs. However, their



1

w2 Den

definitions and assumptions suggest some cause for concern. Severe
shortage is defined as a situation leading to a velative price incréwa’
of 50% or greeter for any raw materisl, Thus, Ridkér’s conclusion could
be consistent with sharp relative price increases for many resources.
That stud'y‘ assumes continued technological progress and resource |
substitution, and contimued unirpeded imports of waw materials. The
p@‘sir»ible impacts of {a) increased monopoly influences and (b) rising
resource demands in the rest of the world sre ignored. Thus, it is
possible to read Ridker's "optimistic" study as suggesting less than

unrestrained optimism.

6And, perhaps, redixe;ted toward making fuller use of the inherent

efficiencies of the market system. Total reliance on the market,

however, would b naive,
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