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Fum!~tal · 11mtntions on resom.-ce availability will become increuingty 
. .. 

illpOrtant • as p.N;sent Gd fut.ui-e ,~erations attempt to sa:tisfy. their ~ds 

fer roods, semc,s Md M'l.f!lniti.e.s. The p:ropo$iS f~rtne future of eivlli-

. 1aticn is uncertain, but the more pessifflist:ie< pr&dict!crt$ paint an ugly 

picture {Meadows• et ai. ; H~ilbron@r) • ln t~is paper~ som& ,r~le\•artt ee.i1f.':ept.4i 

are presented and soi• br~d-1.u:ush p~:>licy a-ppr~ac.h,:s .suggested .. 

The production &n<i cons~mpt:ion of m.xu~ai goads and e~ (M.G .. S.) 

lffld Etnm~tat am.enitus is subject to raesource seaTci t.y. 1 Cho1-ces 

must be made as t-o the w.2. of M.G.S. and environmental maerdties tt1 be 

produc.«I i.n any time ~riod. and tli:-e relative size of the total consumption 

bundle in each ti• period. ti,that kind$ of things will ~ch ge:n.era:tion 

ce:ns~.ia, and how aruc.h will each g$n0:ration eor.s~ relative to preceding 

Int$~t~mpo~a1 Allo~atien 

~t t.tS o~ne first what •~onom.c. theoTY sugs-est~ about- th• p:'l'Obl.a 
' 

of l~tertesporal aUceat.iea and., s@~cmct, wh$t SGM tamd~nta:a.l lPS of 

physics indiea.teo Are our ecoocmic growth mod~ls ct>nsiatmt with the 

physi~al lt\VS go:veming the opeTation cf our universe? 

G~h Mo~ls 

The problem of eecnoaic growth bu often ~n analysed u 01\@ of 

de:tendning the optimal rate of ea.pi tal 1-ecus.)ulation in a world whel'llF 

resources are ine.xhauitible. The -z,esults obtain,l!Jd by f)oJ.>f'ww ant typical. 

If social welfare is tl':laximf:ed in the long nm by ~a:d~dng the pre11>i.mt 

•' ··-· 
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~lue of consumption over timell the rate of cons~t.ion.in ~a.ch time 

pe~iod ~t be chosffl so that the mia:riinal productivity of ~pital is 

~unl to the sum o.f (l) tho social discount rate• (2) the rate of pbysicd 

deterioration of capital a..1d (3) an expression representing the additional 

ps;rdd.e cost of' J.av1:ng a 1.mlt of capital at 1'..4\e begimdng of ea.eh time 

~rlod r~ther than t,h.e end •. FTOm Dor:ffimm's model. it cu be dtiiduced that 

tbe optimal g~ p.a:t.hs • ur.dfi'l" ~Y conditions; approach the situtic,a 

iii which cm1suor41ptioo :md the upi.t:al ; $tock grow exponentially at a r~t.e 

detel'1Jin$d by t:he rtates of population g:t<~h and tsclmologic:.lll chang~. 

On<tG an optir.ml growtb path is attru.ned. 1 any furth:er growth in per capita 

c®~tmptioo is whe:Uy c~dent on technological c.¾i.mge. "Plateau'' con­

~~ion d~p~ds on th-7J ioeial t.U.se<r~t ratt t higher .discount ra.tes re• 

sultir,;1 in lower steady stat.~ con!>ttmption pa- capita. 

Turnpike m~deb iu<:h as Do:r-f•n.♦ s til"EJ highly un:realhrtic. Ntnrer• 

thel~ss,. they enable: identificatian. of ieveTa.l k.ey variables: th~ so~ial 

t.Useount rate 11 die rat@ of pepulatim ~h,. the n'tfl of techaological 

: cll~g.e, md tb.e :rate of ph)"sieal dt:-1:.-erioration of capital.. 

Solow, and· l.)asgupta and He.al have constiueted ·~NI 5cpni~tic-ated 

~@ls whicli peru.it tlle inehis!on of e~usti:ble T-$SO\lrct)S. Th~y $how 

thflt. ewn with the optimistic usffl.~tion that: teclmolcigical prognuis Md 

th~ t'e$0m'Ce f:H.ae uo adtlq_uat• ta permit a, kigh steady state 1-e'\-el of 

const.mtption.. th{'!! application of a positive _s.oeial discount rate !!&f result 

in p&l' capita C'!mASumptilffl tendi:ng asj~toti~a.Hy to zero. I:n other word.$, 

a.so<;iety mar ehe.ose eventual extinetion~ 

Solow tu.es us one important step ~:rthel", by e.onsi.dering th~ 

po$Sibility of substitution of inex.'utustible inputs for e:r.haus·tible 
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N$0Ut'Ces.. His conclU$i® is that if the •luticity <>f substitution 

between exhaustible reGotn:·ees and other inputs is one or gre.t.ter, eJid 
~- . 

if the elutic1ty of outpu~ tdth re.spect to reprodu¢ible capital ex(ectls 

the elut.icity of output with respect to natural N$0U2."ces_.·then a constat 

pcpulation can Mint&in a constant tevel of ?'r capita COM-,tion into 

the ·'W!f!t'f lcng term future. lf lflither of thne. conditions -fails to be 

u.tisfied • the highest level of cmisumpt:i,oa which cm be maintained into 

tho lon;~ long um is zero. Neither Solow no-r this author can offer sm::.h 

..,.irieal guidance as to the likelihood of fulfillment of these •~sa:ry. 

c•diticms. Howe~r, it D.1St be noted that their fulfillwmt in dlt loa1 

tea will ,:,eqw.re consideirablo and continued human in~uity. 

Two Law-$ of Thermodynulc1 

~ lPS of thormod)'nWC$ pr-cvi.do knowledge abot.tt the- ftmctionizag 'Of 

OUT w.1ivor.so which sound ecmomics·camiot ignore. Let. us look at the 

~ t. {the entttow. %.(w) fint. lb.ts law states that tM entropy of • 

closed oystem ~tinuously lnereases, or that th• me:r of such a systea 

~ms sttla.dily to disorder,. It indicates that our tmiwne w.ill i.Mxomly 

"nm-dow!i" or ODJWSt it!Hilf in the flt.Y 1-.« nm. even 1n the abseast of 

~•s activities~ Tlt1t acti\'ities of ma11 in _incTeasing tho rate o£ tmt~ie 

de1Tadation brin& the inevitable end clossu in tiu {Geor,escu .. ttoega) .. 

nus. the long-tem economic problem is bfft enalyied in terms of ud.Jwti.ng 

the rat.e of oonve~ of tC&1 mrt:'A'cpy to 1ri,gh sntmpy or, perhaps mere 

.~ly, tile rat1t of •~tion of~ univttse. 

The auopy 1aw· bu gteat value in tlui.fying snetal of. tu issues. 

peJ•d.nent to i:r.a.tertempo:ral alloctticm. and g-rOW<th th~ry. 



a) It places the role o-f teah.11,0lo(f'1 in perspective. Porth~ ~st 

part, technology does not uexpand the .size of spgce $hip earth 

along those dimensions t.'l\at an:e · most sipificant fcr.r hutMn 

existence," ~ Ruttan (p. 708) imd Schultz (p. 231) \\"Ould have 

us beU.~1,~. lffit:her, the technologies of th• industrial and 

post ... inda'!.trlal nwl~ions ha'II'@ mstly e-rutbled us to eon• 

stne and othe:rwig~ •~baust our universe at an ~v~r-ine.r~~ 

ing rate .11 making fflas1d.w t1rmsfttrs of wea.lth from. fut;ure to 

present g,etH?Tal'tioo,.. How-ever. not all teehnologies are equally 

destroct1'1..re to low mtropy p0r 1.mit cf val~ ft'Cdw;ed. The 

.search for and iq>l~tation of teclmolo-gie-i ~-hid\ a.re less 

de$tt-ucti ve of lO'!!i entropy would seem. t.o 'b.e _. a pot@lfltially re­

W~Tding aetivity. 

h) It enables us to perc.e,ive the *'dich.otomyt'" of ~nibt.e 

vu1n:1s <f.pre;;..1nibte chtmgf., u real !y a continuum. 2 The 

noomst~ncs of nversi'bl~ dtsng• emphasizes then~ 

for ''ldth" Qld "withoutH J}Nj~ct a.nalysis !ind th~ inclusicm of 

pn,.,u,.natiOfl. values in p::oj~t &v~luati~"l. It a1$o PTO• 
... 

· vid&s il meful t1aming that :recycling has i?lhlin'ent limits. 

T"~ kind of putial recycling which is possibl~ is not 

.sufficient to make any oxh.austible N!-SOUTce inexha.~tible. 

Th.e det&mination of th~ effi c.ient d~g;ree of recycling is 

itHlf an ecenomie prcl>l~m .. 

c) It f-cettSes ou't .attenti~ on thtt use of flow l'ru&ou-rces u 

a means o-f increasini the value of output l)'.tr- ~it of 

entropic 4e1r.aaation .. at the sao tbt¥e wa:rning us that 
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. . . . -

flow l'C!sourcn do not quit• offer a paucea in tho ul-

tiute sense .. 3 

Mtter-energ) is also pertinent .. Since neither prodw;tion .-r ccuump ... 

ti.on is a. wute-free process (Ayres ad tnee,e). and sinee waste 
. . 

di~P"•l is costless in neither mon-9)" !Wt' Gl.tl'Op'Y terms, incNastng 

co~ion 'Dld/or inW$tmffflt incre~es the rat• of oatropie depadatioa 

lty increu!ng th~ cle.-md for lew ~ti-opy fo:t waste dispc,$al 1(u well• 

in the ways discussed above). 

L~-Torm Prospects m\d Policies 

The impact of ca:reful consid.e1-ation of these t'WO laws ol t.her­

m.odynudcs is to IA!lgidfy s~at the pessimism of tht more pn&!mistic 

fiMings presented by the ~h theorists. Our cune:at policies n­

plw.s!ze the dew-1opment ad impleantatiou o,f t•ehnclo,Uts which .ite 

ue. ~ effective in the ~a~ticn of eMaustible ~~st and appear_ 
/.;• 

to be hued upon.a social discount rate SOl.leWMN near the opportunity 

eost of capital in the private sectf}lt {which ts posiilH Pei relatively 
. . . 

high). Continuation of thet• policiius into the long tem SMmS certain 

to NtSU!t in SOlow's C(t$e whe~•·cont1a1Ption evetttually decluos to :et"O. 

lt is left to other$ to estimate or ~ss how far in the futun this will 

occm-. How·ver. it does not sen unrea.tisd.c to suggnt that the 

intervening time may be •as.urea in hund:rees rather t..~ millions of 

)"CU'S .. 

It is U$eful, however, tcf coiasid~r the kinds of policy champs 

which n1 pl"Olong the span of humas1 ciriliz-a-cion.. hi nseQ'Ch am1 



r 

~l~t. ~ls could bit Jlac:e4 on fiMiJll ~ of ~tion ~ 

~toa whidl ·:lncnut .~ •ff~. A..-.. •t~ effieicmt 

~• is &U!lflY GM which ~- a:· poatM.- vat• of cutpat .,n, unit. 

of eftt.l'OPiC Aa:'adatioit. ~ UM of fl•.~- - • 44wel'~ 

id .--~ efficiffflt. tedmelopes (e.1. ~ t6idi ~ ftk~, 

·pnt!c .~Vffl!lmts in p.J.ntt -.a eiul ~1•• eto .. ) ue J?tBU&l 

·~ of. 11a~iq ent~ etf:l"ec-y •. J.M. lt. •- tui ea Md-. . . 
id.at.ion of the Ioas•nm welff&N .,, the ~ ~es ~,,_ a Mp 

l~l ef •tropy efflt1nc, .. 

no ~i ·.~ of ~ ,wt~. md:t e«ectivtt t~ th ~i 

~ ~. ~a 'the rah &t wlddl •·• a thia cme ~, ~'C 

foi- &t:un ~:rations*• on the ether,, "sell ovttt ~ p,Mtntiffll 

by ~ti.nJ t!Utim- uaiWr.M td~ thir eoaa.t .. Furth~,~. 

oaaustiblo n101atn a~ privately uld. h the~ of poticiff to 

t1w ~traq. tM dKiasion to hold •r 't@ ihtT&et these 'ffdOia'CU ril.1 

4epmd • ti. un•t n.u of hten,,t. tMt ts, th" pke of ~ital. for 

· a private bolqr· to omt~ lwlclin&» h litl$t. -,-t tu •t ,nee of tu 

ruNrce (Le. •t of extrt.eti• Md •lite.tin& costs) to COiltbtitw ~S 
" 

~tially ·at a nte at least .~·to 'the ;ate of ta~t m • · 

plvate ffe'.tor (Hot.elU.ng, Solow)• 

For those who would P"fft te M9 Hetety .PNY14e •• ~11 

for ~ ~aticu, two tlftlk of laue~ :rate ~1• ad••· (1) 

~ u ~ ~ nu• t• ••wn t!wt ~t rat•· .of in~. whidl 1a 

•mu.~ iJa w1-a.t1vely s.herti-tem u:pit~l nz~s. wt. ..-1 to-. 

•oeial :rat• of tiae Pl"tt~ qplied to the .~·ii.Oft, of ~ 

cwn tbo very lag' ten; Sl~ t\ttU'19 ~a.ti.GU (tmtt fNIM t~• 

. ~-



ehilt:!Nn) ~ not iable to 'f'fJpNSmt the•~lv~s in today's 1&arkots, their 

W0lfa~ 1 is a.co:U~t.iVlt toed. 01,cn p~vidf:s iutple reascn to ex,~et under­

p~s!en of au.eh a~ in the aritet. (2) Thtte it no good Nason to 

~~ae tht\t a P3litie~l1y detem~ed soc!.al discount re:te will usu.N 

!nt®t'£$Ueratiffl'l:al ~quity. Pa.,'i'tuN gtJ:nerat.tons •n unfible to Np~s.ent 

th~el~i in the r.0HtieJ1tl anna,, A politic~Uy ~etem.:n~a soci~l d!s­

~~t rate tdll at best fl:ef1Kt. "t1b11.t tooafs ~dults (wei~'ttod by their 
4 . 

politi~al Pffii$!' ) a~ willing to provide for f'dture gfmlili1tttions. 

~$ ~Y ~xp'Ni:$ th~ pious, bl.1t pe,:h1.ps &tile, hope th~t s.mr~ 

~~ld,:a,..ation of ~ltruism end sui"Vivm.l instinct of hmtsnity .will result in 

•~ ?edu<:-ticn of the !oei~l rat~ of tim p:r@:ferancis. expi-ossed in 

~w~d soci~l di~coumt rates. Those who find t.h-e ootcomo of ca.pitill 

~~~):.Q.t.$ acc:~pt.~ble fol' the short-tem aUoca1tion of ca.pita! but not for 

the intil\1"~f.il'atior.J1.l allcx:3tir.a1 of ~xheustible resc-u:rces will p~rhaps 

opt fo:,:, poli~r $Clut'l~$ such a3 t'i. §yitem of s;:r&l1.!atcd 50\~nnce taxes, 

faJ.U.ns throe~ ti.~. en ext1~u$tible niources (Sol~). 

Looi-t0m solutions will requi:r@ not only some e.djw;tments in totat 

~wnptswn (and it should be noted that the pro$poc:ts for pit:P ~ta 

~ffl:[Jtkm cm be :b'ipr~ved by stabi-1,i.aiPtg population)" but fi.lso adj~t­

ewits in the ~tum. '1'1fi.u;. As entropic degradation cor..tin'Ues. it em'l 

be $Xl)3eted that 1-Glative scarcitiet will change. Thf)Se changes will be 

niifleeted, $0C?!Gr or l!iter, in clit.nging relative prices and/or shadou 

prlc.ts. J.djust..w.ats in the con,umptioi\ habits of consumers will be 

n~essitated. 



s~i~ o~ t~ 1~, ... t~m.. 1$ow. l$t U1J it.r."Ali&it?r n$cr~@ aU~ti~ iffll 

th &!." of pdi ~ ~:t:tie~ to be p~!M · u d\$ •~~ .. tom. ru.o 13 

tu k~ cf p$le8 ~ ~Cl IM• mt ~~ to ~1•. 

Tb~ i•tt1.ti~ ~q ftt n1~,;t) ;i11~t1~ is •it i3ttt~d:~, ~t 

·,~i, ta~ ~mi~ it ~ut• F.At alto in th• #!$~~ti~ ~~ 

to ~~./$ ~~~ "~lu•i~:s., ~ d~i~ cm N i~t~M .~ 

tltii1~ u to ~" 1.;~ ~rld ot.~t:'~ 11\d.~t Vll'it"f ~ tu ~ntiea1 
_. • ~ • r 

opti~. 

T.f ·~~ 4:it:tri~i•t of l~. •id.th. l@1d tldt~. etc.• co­

t~ei.~f> v!tA th@ d1$il'i~ie?t~l ~~f~11~ of so,eiety, if &U. i-ip,t.s are 

~i=~tt'3~i.-·. atM if &r.ll ol t~ ,~~ts of ~n ~,;itie§ ~ 

s~'t.b:ftt,d.t afi~tt~d ~t~u win N3ult •.~ ~.i:ially o,tiaml ~tio-t11 

~ c~i~ti~n pttitffl$, p.~ n~e@ ,~tf -4 thG ~ti•1 tat•" 

M%£ p:lblft,i~~~t of ~~ ~:ttieip:mta a thGse ~t• .. 

it ~ld t,. ffl ie~-i."'~· tuk t.o eo~ile!J m ~!4gM ~~t.• of 

~9 ~ lwa ~dl 't~ essmt:13.1 te~t.i~s. 1,,:-e viol&t~ ia ~ ~l 

~ld., !~'1~:r, ,.. vi@lati~t wld.f.1l ~ ~iaU.y _prtbwnt to t~ 

i'~ istue will~ ~rAt~ Ml<tW • 
• 

~) T'~•n 1$ no ffi45~~ 'that t~• d'A~~~; ~t. ~ 

C@ific:i4ffit with ~ffUl J"f~ces, ,m4 CfflMf.iffflJlo ~1d.CSI . 

h ~ qiJ&'fUn 'th4t. tu1 ere aot. 

t) Ii$~ ~~ts• Jarti~laly ta ••rs, MtJ m~al ~, 

~s:r ttr b:il "$pW.:,mlly 1m.se~Aibl@ to ~~~ue ~ 

_ fl.M.~a•• Int©fflatiQUl canels of rtI~\m:4t ~rting 

:rAt:l~ htiw msa, p@rhaps p1iYtly 1• ~• to a long 

M.stor;1 of iiit~tional e~l.'"pOi-at~ eU .. ~ly in the a-



.g ... 

'tJ:Ktia ad DU"btina sectors. Corpon.te olippoly lt ao 

1fflpr eonfin@d to iuividu!.1 resOU!'Ces.. Enn-g_c.cm1l0illntea, 

-for exaa,le; threaten to Ddift ~stitution pattnu "1 eh81• 

i!A1 loaa ... ••tablishedpriee cross elasticities on the •~ly sUe . 

e) A~ of p~ ~1eta !.s not ~ in the aarteu 

for N.(t.s ....... e.lao$t ~- Rl@ rather tha tho U• 

ce,ti• ia M.l.-tots for cmr.l~tal allfflitie1.. · 
.. . 

~ts, 19' 1>)' Aytt;a ad~. bve-rediseoveNd tu 

~ l"1ll of ~- The ~ of wute-free _,_.. 

cluctlon a4 total ~URpt1on. have ~ .,,,laded.- Waste 
. :<v.- ~ 

~al is tm l!ltopal ~ of -~1• ._. ~1--

. 

~- Ia td'f'Rt, the- ~itle .-, --um.ptioa of M.G .. S. 

ttm,1s to ._. emd~t-1 ~•• ad- ~• tie ftow et 

am.r~al -1 tios. 

~the•~• of-wes~e cli~-1 is extnul te in· 

pri.~1• e~f: ealeulat.!~ ot p~us -4 ~. 

--~Ut:r ts :,enuive ~ dlD --•1 -4 eap!d.calty 

~lplfkat. tft~ ~YO ~Ul aetla, in • foffi 
• 

0-f l\$1)datioa., p.ri.c• .a.nee.tie. .. • ~t-1• d .. ~ 

rip.ti6 , the~ will~•~ eari~ -1tt.. · 

1he ~I• l• ~ t1ua bticahtl '1 t1Mt ~ ~'tricUve 

Hftn1t.lw of m•n.Al1ty, ill daat cri.~ta1 ~ 

ee oft-. ef Gft oo;arm ~ van.~ 81' -.i~tal 

~t1- an oft.a-~tl4l r;oo4s. 
. . 

At~ot1 of~ ria'ts oft• N.hlt.s froa-~ 
. . 

... , .. 



p~t is a njf>i- contrl.buto:r to th~ list of urltet ill-, 
. . 
parfeetions .. 

Crae s~u ~t, even in the absence of the JdD;ds ofma:rket ha­

perfections dlscussed a1tbove • som-11i serious tldjustment probliems would face 

~• society in the near tom.. 'fhe claa'&nges in i-elative scatti ty .w..d prices 
. ' 

which. we aN new •~rleru::i~, al't!I n@t ~nt:il~ly dll$ to mmst inperfectioos .. 

'the i~u~ prodw:tion of M .. G_.s. in awcaa.te and the particular kinds 

of M.G.,S. n Utt pTtJdudnJ (i.@. Ed.mis w.ch are oft@n hiply dest~tiw 

of low ~tropy) su;m@ftt th.tit depletion of at letil.St st.me resources!$ well 

w~r way. ThWti> 1c~ rel~tiw .rmd absolute chfllllf$i can be ti!xp$Cted la 

resmirce prlees, necessitating ujust~nts in consumption habits. 

Sh.:up dumges in 'the pattems of r®lativo and &bsolute scarcitr an, 

Uk@.ly to haw major distributional cons~nces. Ttau, it is important 

to a.5U'N that the costs of di5l~ation and 1iMij'UStMnt an not home dis­

~1~iet1at1A1lf by the pool'.. Sbc,1- p:riclt changes an essfti\tial to provide 

tM incffl'ti'V$ for crumpng ~tion.habits, it ii best that pen$rse 

fflitttributi~l e®s:~u•e@S b~ alleviated by l~ sa tt'~sfen. 

tl\e .tehort-t~ n~. in the1 mst g~me:·~1 t<H'Ztl, ~ fo,:- policies 

d.ad at (1) p~tins distributioul justice, (2) prom.oting coap•titi,re 

atmeturu (or structures which porfon in the ma.mter of C:Olip~J.tive 

st'i'Uet~ff~) in ~~soure~·•rkets, (3) elimia&ting. to the extffflt postibl&. 

marlt•t i•rfoetiont attrlbutabl@ to attenuated stl'UCtur.s of property 

rights7• and (4) usist~g. or at l~ut not impeding, the process of 

~t Njustmient to ch;mging Nlat.i'W! tc"city. 

bcoocilm1 th& I~iate and J,.ong-Ten Solutions 

~ loag-ftffl outcome rill~· lugely the result of a·1001 s~:mce 
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of short-term policy decisions.to solve short-term problemst or "crises", 

as we typically call tl,em. However,. I have serious reservations about some 

of the policy directions in which our crisis mentality seems to be leading 

us. 

If it can be agreed that the long••term problem can best be attacked 

by the :reduction of prevailing rates of time preference, .the development 

and use of entropy efficient technologies and flow resources, and the ad­

justment of consumption habits to the emerging realities of scarcity.then 

the policy question, in simplistic but nevertheless useful terms, is to 

find wa.ys to make the necessary adjustments without causing excessive dis­

locations and demanding excessive sacrifices frottl present generations. 

Policies for the nea:r future must start us moving in directions compatible 

with and contributory to the long-tenn solution. 

Economists are long accustomed to using p1--iaes as the best indicators 

of the interactions of scarcity 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 additicm to those 

suggested by market imperfecti.ons). Crucial prices can be expected to 

change drastically as our uncertain future unfolds. Technological dlf!velop­

ments will change cost ratios in production while future demands of M.G.S. , 

and environraental amenities a:re most uncertain. Human values are funda­

mental to utility functions, which are'fundamental to the price·ratios of 

goods, services arid a.m.eni ties. Yet value systems can be expected to change, 

as a result of propaganda, in accommodation to new views of reality (we 

~re already seeing some of this reflected, for example, in the market for 

automobiles), and in other ways not well undeTstood. .,.¾ld if• as some 

believe, the present value system of our culture is incompatible with the 
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long-term survival of our civilization,.the process of changing value 

systems might fruitfully be encouraged. All of this provides a. warning 

that the implementation of solutions (particularly those involving massive 

and perhaps publicly subsidized ca.pi-cal investment) based on··current prices 

may perpetuate our px-oblems by delaying essential adjustments in technology 

and human demands. 

These considerations suggest that research to identify and evaluate 

policy solutions must incorporate materials f'/,CM ana.Zysis,and energy 

bud(leting (better yet, entropy budgeting, if techniques can be made 

applicable) into economic analyses. 8 Energy budgeting, for example, is 

potentially helpful in providing early wa:rriing of coming changes in 

scarcity a,nd price relationships. 

One suspects that some of our current policies are quite myopic, viewed 

from the perspective suggested above. Policies aimed at simply substituting 

somewhnt less sca:rce fossil fuels for the very scarce ones may fall in that 

category. It is easy to see why coal gasification and liquefaction a.re 

receiving encouragement: the final products are compatible with existinz 

system.s for. distribution, marketing and end use. In that sense. the process 

of short-term adjustment to scarcity of oil and natural ga, is eased. Yet, 

supplies of coal will not la.st forever _aa,d in the interim preceding ex• 

haustion (a period of perhaps no more than a few hundred years, at current 

rates of use), ·expanded rates of extraction will come at increasing costs 

in terms of both ~~ney and environmental amenities. 9 Nuclear energy 

·production based on breeder :reactor technology would enable us to utilize 

a.n exhaustible resource which is expected to.last hundreds and possibly 

thousands of yea.rs~ However, future generations would be left with the 
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burden of the perpetual care of plutonium. which is both extremely t~xic a.~d 

a prime weapon material (Krutilla and Page). Shale oil appoars to be avail­

able in large quantities, but its extraction.appears to be both environ­

mentally devastating and of relatively low energy efficiency··c1.e. the 

aaount of energy used in extraction approaches the amount pmml\~ed) • 

One wonders why flow souTCes of energy, the sun, the.winds and even 

the tides, have received research and development expenditures whi.ch are 

only a small fraction of those devoted to these exhaustible :resources. 

One answer may lie in the area of property rights. Private sector 

entrepreneurs could expect to capture the patent$ to technologies the/ 

develop, but not the ownership rights to the resources whose value is 

suddenly increas~d. Regardless cf any institutional reasons for our 

current low level of effort in developing flow energy sources, one 

suggestion emanating from the logic developed herein is that more effort 

should be made •. 

'111ese arguments are not intended to deny the need for continued 

exploitation of exhaustible resources. That is essential, if for no other 

reason. to ease.the burdens of adjustment _placed on present generations.· 

However, a shift in emphasis toward utilization of flow resources seems 

called for, starting-i.mmediately.lO 

One may also be cntic.al of policies which seem aimed at slowin1 the 

_adjustments of consumers to the emerging realities. Continued and sub­

sta..11ti.al public expenditure on highway development is one e,cample. It 

$eems that adjustments in the use of petroleum products (~ot only as 

energy sources, but also in.the production of a wide range of goods in­

cluding pesticides, fertilizers ~d pla~ties) must be made eventually, if 
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not immediately.11 

There are indications that it is eurr~t policy to allow the under­

frovision of enviromental amenities in general (occurring in the first 

instance as a result of pricing problems in extem.ality and public 1oods 

situations) relative to M.G.S. to continue.12 Eve if this is consistent 

Id.th current voter preferences (mid J do not·concede that it is), it seems 

inconsistent with any acceptable long-nm solution. 

'lhe above coJD1Unt~ a-re directed primarily at American society, yet 

an international perspectiv~ is also essential. Poput.ati.on p:resrn.aoss. if 

unchecked, combined with tho traditional use of_less developed.countries 

as suppliers of raw mg,terials (often exhm.stible resources) to more 

pl"Osperous countries, seem to guarantee that per capita consumption in many 

of the L.D.C.-~s will not rise to the levels enjoyed in western Europe and 

North America. 13 •14 This suggests the need fo,: stringent population control· 

in many L.O.C.'s. It may even be desirable to encourage this process by 

offering some international redistribution of income and wealth as a quid 

pl"O quo. 

In the more prosperous nations. p.opulation growth seems to be slowing 

down. Considering, particulariy, the impact of population in reducing the 

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

a rovenal of this trend. 

Concluding Comments 

The doomsday predictions , perhaps eypified by the Club of- .Rone report 

(Meadows, et at.), seem to have been largely discounted. However,_there 

is no serious disagreement that. if the world econc111 were to uintain its 



-1s-

present course, disaster would stl'ike in a relatively few years. 0a the 

contrary, the prevailing argument is that the doomsday theorists have 

,rqssly underestimated the human ability to make adjustments in technology, 
' ., 

resource substitution, and consumption habits. 

Even the so-called "optimistic" studies such as the Ridker report15 

amplify the need for such adjustments. Public policy 111U$t be directed 

at encouraging the esscmtis.l adjustments without placing excessive burdens 

on present generations. Some directions for public policy cu be suggested. 

a) 'l'ho rate of resource exhaustion and, more generally, entropi~ 

degradation, which has been ini:reasing apace, must be d.3-

creased. Appropriate policies include (1) the reduction of 

the social rate of time preference, (2) a system of graduated 

severan~e taxes,. falling through time, on exh3.1,15tible resources,. 
'·, 

(3) a conscious policy qf risk aversion where disasterous. 

outcomes reversible at great. expense, if at all. are possible. 

and (4) conscious efforts to control population growth. 
. . 

b) The developaent and· implementation of technologies to use .. 

flow res~urces should be encouraged thl"Ough (1) ingenious 

modifications to the system of property rights and (2) 

direct public investment, to the extent that efforts 

through (l) fall short of achieving the goal. 

· c) Efforts to end the systematic underprovision of environ­

mental amenities (resulting from mrket imperfections). 

begun in earnest in · the first few years of 'the current 
.. 

decade. should be continued without interruption. 16 

d) Increasing scarcity (per~aps with the exception of that 
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att:rUiutahle to l!!OftO,oly infl.uace~) should! h 1,:U.~ 

to 1'e ~fleet~ in ~t prices. Sud.don,, •~ms ad 

'®~ff$ cliSJtributioo~l COWJe(l~C~S 1~4 be Ail0vi~tM 

--
lo policy ca ~al the entl'©pf law. ff.fflfewnr,, th~ Id~ of pciieies 

rmianted abo'i'@ rill 1lllow V-' to· liw with that latf a~ lt«wt n ca. ~" 

~ts~ em..aGtly d~si1~le .. 

• 

.. -.. 

I 

... ,;, 



Footnotes 

Alan Randall is Associa;te Professor of Agricultural Economics at the 

University of Kentucky, Lexington, KY 40506. 

This paper ( ) is publishe4 with the approval of the Dire~tor of the 

Kentucky Agricultur-1 Experiment Station. The coUDUnts of.Dick Norgaard~ 

Angelos Pagoulatos, and others helped me clarify several important points. 

'Ihe views expressed herein, however, are mine alone. The superficial 

treatment of many issues and the omission of others· is not to '6f/ taste, 

but is occasioned by space limitations. 

1The key words in this sentence are not quite the same as th~se in the 

title. '111is redefinition of the topic at-hand is deliberate. 

M.G.S. is difficult to define with precision. However, we ~an in­

clude, as a first approximat_ion, all of those it~ms which are market 

goods and services (i.e. those which contribute to the Gross National 

Product). Gro,,,th- is then a .secular and con~inuous increase in the out­

put of M.G.S. By focusing on the ou~put of M.G.S., we place growth 

in its propel" prospective. It is simply one of the possibilities fo-r the 

ruture: stagnation, decline, and unstable patterns i11volving phases of 

growth, stagnation and/or decline a.TC! the other possibilities. 

lmvircnment is a complex matrix of enviJ.'IOl111tfflta1. amsnitiee,, which 

are of value to consumers although often entering G.N.P. indirectly if 

at all, and NSOUl'Ces. 

2Since all change involves $OM entropic degradation, no change is 

completely 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 amount of low entropy is introduced into the system. 11le polar 

cases of the continuum will seldom (irreversible) and never (reversible) 

be observed. 

3.rhe characteristics of flow resources place some limita:tions on their 

potential uses. (a) No resource will continue to flow at an undiai.nished 

rate forever. Tue flow of solar energy. however, is expected to continue 

for a very long time. (~) The rate of flow of a flow resource is for the 

most part unresponsive to man's attempts to control it. (c) A flow re­

soui:ce must be used when it is provided. .If not used today (or ·at least 

captured and stored) today's flow cannot be used tomorrow. (d) Flov 

resources tend to flow into stocks. Thus, all of a flow cannot be usad 

without lowering a stock. Capture of a substantial propo,;-tion of 'the 

flow of solar energy uy lower the temperature of the earth. (e) All 

but the most prim:i.tive production processes using flow resources seem 

to require the stimltaneous use of some exhaustible resources. 

4sae Bartlett for some insights into the relationships b~tween political 

and economic powex-. · 

• 
5niat is., fully specified, rigidly enforced, exclusive, t.tansferable, and 

in no way ._inconsistent with the urginal equalities necessary for_ 

efficiency. 

6ne author prefers this latter approach, to the extent that .it is 

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

7This implies elimination or modification·of many existing public policy 

and regulatory instruments. 
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8Energy budgeting alone, ~owev1,>,r, is also misleading. S<>me forms of 

41/m®rgy and lo~ entropy am be used more cost-effectiv@ly than others~ 

Outputs a.re not all of equal value. 

9•fhere :ts another, short .. tem, reason to be wary of immense iuvestm.cnts in 

coal conversion. The current price of oil contains a large element of · 

monopoly profit which could be reduced at will. Oil sub3titutes pr·o­

dueed from coal could overttight become the higher cost ~ltem~tive. 

U)A major problem facing the policy analyst is the scheduling of the 

depletion of each exhaustible resource and the. implementation of 

technologies to bring flew resources on lin~. The r15k averse will 

apply the ptlneiplt, "better too soon than ton latcu to the latter. 

11The monopoly element in cun-ent petroJ.eum pri.ees ma.kes all policy 

.pronounc@~ts subject to revision on short notice. 

12 J 

On the other hand, particula:r goals :proiiosed by public agencies (e.g. 

"zoro discl1~rge" into tho nation's water ways) go beyond the efficient 

lGvel of intemalization and, if doggedly persued, would result in 

overprovision of some9kinds of environmental amenities. 

:u"If' the whole world developed to American standards overnight, we 

.wwld nm out of everything in less th.an 10 years", (Bouldini, p. 166). 

14"1'1,. · • i. i . ·b h 1 u,e e:;i:cept1.ons occur wue:re it s poss1. le to extr~et uge monopo y rents 

_ on r~w materials for a long and continuing period {a..s the OPEC nations 

have done for fe'l.1 years• u of now) • 
. , 

lS · Ridker et at@ estimate that resource scarcity will ~ause few severe 

shortages in A.Mrica during the next 30 to SO yo~T5. However, th~ir 
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definitions and assumptions suggest some cause for concem. Severe 

shortage is defined as a situation leading to a relative price inc.rease 

of 50% or greeter for any raw material. Thus, Ridker' s ccnclusion could 

be consistent with sharp relative price increases for m.any __ resources. 

That study assumes continued technological progress and resource 

substitution, and continued unimpeded imports of raw materials. 'Ib.e 

possible impacts of (a) increased monopoly influences and (b) rising 

resource d~:nands in the rest of the world are ignored. Thus, it is 

possible to read Ridker's "optimistie.0 study as suggesting less than 

unrestrained optimism. 

16.And, perhaps, redirected towa:r·d making fuller use of the ir.herent 

efficiencies of the market system. Total reliance on the ma~ket, 

however, would ba n~ive • 

• 

, 
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