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A lonz decudx wge wconomic growth was the reigning fashion of
political econcwy. It was simultansously the hottest subject of
economic theory and research, a slogan eagerly claimed by poli-
ticians of all stripes, anl = serious objective of the policies of
governmants, !he climmte ¢f opinion bas changed dramatically.
Disillusionsd critics indict both eccncmic scivnce and ecozomic policy
for blind obeisance to aggregate material "progreu," and for neglect
of its costly side effects. Growth, it is charged, distorts natioral
priorities, worsens the distribution of income, and irreparably
damages the environment. Puul Erlich speaks for a multitude when
he says, "We must acquire a life aTyle vhich has as 1ts gosal maxisum
freedom and happiness for the individual, not & maximum Gross
Katiozal Product.”

Urowth was in an important serse a disccovery 22 ecornomics after
the sascond world war. Of course aconomic development has always
been the grand thems of historically minded scholars of large mind
and bold ccucapt, votably Mirx, Schucmpeter, Kuznets. But the main-
strecm of eccac—ic eralyois wos rot comfortable with pheno=wng of

changs and prozress. The swationary state was the long-run equilibrium

*The research described in tnis paper was carried out under grants from
the National Science Foundation and from the Ford Foundationm.



of classical and neoclassical theory, and cowre. iscn o7 alternsiive
static equiiinris was ine aowt powerfu! thecretica: t.nl, Teon-
nologlcal conenge and populntiom Increase were most readlly Ac:iowwo-
dated as one-time excgencus siccke; cospurative stacic analysis
could tell hov they aitered iho equillbrium of Lia aystem. The
obvious fact that these "shocks”™ were cccurring continuously,

never aliowing the system 10 resmch its equilibrium, wmé 2 comsid-
erable embarrsassmsnt. Keynssiman theory fell in the same tradition,
attempiing rather avhkwardly, thougn nonethelass “ruitfully, to
apply static equilibrium theory to the essentiaily dynamic rroblen
of sarving and capital accumulation.

Sir Roy Harrod in 1940 began the process, brought to fruilti~n by
many theorists in the 19508, of putting the swmticoary state into mo
tion. The lgmg-run equilibrium of the system vecame a pmty of steedy
growth, and the toels of compmrative statice could theun be appiled to
alternative growth paths rather than to alternative stationary states.
Keo-Keynsasian macro-seconoaics began to fell into place as s descrip.
tion of departures from squilibrium growvwn, althouge this tass of re-
interpretation snd iotegretica is wtill) far from satisfactory compietior.

By nov mdern necclassiosl growth theory is wall enough formiisted
to make its way into tnxtbooks‘. It is a theory of tha growth of po-
tential output, or output at & uniform standard rate of uiilization
of capacity. The theory relatss potantial outpu: to wnree deter-
minants: the labor force, the state of technology. and the atock of

human and twngible capital. The first two are usually asaumed to grov



smoothly et rates determinsd exogenously by NCu-econZaic TRCIOTS.
The accumilaticon of capital is govermed by the thrilt of the popu-
lation, and in equilibrium the growih of the capital stock mr-tches
the growth of labor-cum-techuology and the growtn of oatput. Simple
as it is, the model fits the observed trends of ecuvnamic growth
reasonably vell.

The steady equilibrium growth of modern neoclucsical theory is,
it must be acknowledged, & routine process of replication. It is a
dull story coumpared to the canvulsive structurel, technological, and
social changes described by the historically criected scholars of de-
velopment mantionsd above. The theory conceals, either in aggregation
or in the abstract generality of multi-sector models, all the drama --
the rise and fall of products, technologies, und industries, and the
accompanying transformtions of the spatiesl and occupaticnal distri-
.butions of the population. Many sconomists agree with the broad out-
lines of Schumpetar's vision of enpi‘ba.llist development, which is & far
cry from growth models made nowelmys in either Ceanridge, Messachusetts
or Cambridge, Englapd. But visions of that kind have yet to be trans-
forrsd into a theory ithat can be applicd in every-day snalytic and em-
piiical vork. |

In any case, growth of sc=» kind is now the recognized economic
norm. A syrptom of the chorge im outlook cen be found in business
cycle semntics. A Eational Burvau recessica was cssontially a period

in vhich agiregate productive mctivity was declining, Since 1950 it has
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become increasingly customery to describe the state of the economy
by the gap between its actual cutput and its growing potential.
Although the word recession is still a source of confusion and con-
troversy, almost everyone recognires that the economy is losing
ground -- which will have to be recaptured eventually -- whenever
its actual rate of expansion is below the rate of growth of poten-
tial output.

In the early 1960s growth became & proclaimed objective of gov-
ernment policy, in this country as elsevhere. Who could be mgainst
‘11'.? ‘But like most value-laden words, growth has meant different
things to different pecple and it different times. Qften growth policy
_was a:l.gply identified with mMa to expand aggregate demand in or-
der to br;.ng or keep actual output in line with potsntial output. In
this sense it is simply stabillization policy, only more gap-comsecious
- apd grovth-conscious than the cycle-smoothing policies c;f the past.

To economists schooled in postwar meoclassical growth theory,
grovth policy proper meant scusthing more than this, and more debatable.
It msant deiib.rlta effort to speed up the growth of potential output
itselsr, specifically to accelerate the productivity of labor. Growth
policy in this mzaning was not widely understood or acceptad. The neo-
classical model outlincd sbove sugicested two kinds of policies to
fostar growth, pouibly- intorrelatecd: measures that advance technological

knovledge and msasures that increase the share of poiential output devoted
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to accumtlation of physica. or numsan ocspltal. The swands:d mdel

also suggested that, unless somecns couwld find A way v Scrceloiwxle
technologionl progress permmpently, policy could not ralse tne rate
of growth permmnently. U(ne-shok messures will speed up growtin tes.
porarily, for years or decades. But aice the eC numy AR alilIieg
these moasures, its futwre growth rate will oe [imited ouce sgsalc oy
constraiots of labor and tecnnclogy. The level of 14 vatr, how
sver, will be perssnently highsr than if the policies had nct veanu
undertaken.

Grovth msasures nearly always involve divérsions o7 current re-
sources fraom other uses, sacrifices of current consumption for suc
ceoding generations of comswmers. Enthusiasts fcr faster growih are
advooates of the futmre against the preseci. Thelr ceasze Tests on tow
viev that the markst economy, left to itse’r ~1'1 shrort changs the
future by saving too small a fructiom of current output. we mentio.
this point nov beocauss we shall return lxte: tc tne ironical fact
that the anti-growth mem of the 19708 belleve that it {s they who re}-
resent the claims of a frugile futare agaiust a voracicus presen:

Like the enthusiasts to whom they are a remctics, zurveni cri+fic
of grovth are disenchangped with both theory and policy, with bceth the

descriptive and the norsstive i-plimtimu of the doctrines of the pre

1/. 'The varisty of possible measures, aml the difficulty of raising the
grovth rate by more than one or two percentage points, have been
explored by Bdward Denisom im his influential! study, The Sources
of Economic Qrewih i the United States and the Alternatives Before
Us, A Bupplemsatary Paper of the Commitise for Econonic Development,
1 .
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vicus decade, The sources of disenchantment are worth considering
today, because tl:;ey indicate ag=nda for future thecretical and em-
pirical research,

We have chossn to direct our attention to three jmportant prob-
lens raised by those who question the desirability and possibility
of future growth: (1) How good are measures of output currently used
for evaluating the growth of economic welfare? (2) Does the growth
process inevitably waste our natural resources?! (3) How does the
rate of porulation grovth affect econcaic welfare?! In particular,

what would be the effect of zero population growth?



Measures of Ezoacnic Welfure

A mmjor question raised by critics of scomomic growth is whether
ve have been grovwing at all in any roaningfl sense. QGross Natiooal
Produect atatistics cannot give tae un.:'.wrl, frr GNP i3 not a measure
of economic welfare. Erlich is risht that mmximization of GNP is
not a proper objective of policy. Economists all knov that, and
yet common use of GNP as the staniard measure of sconomic performmnce
apparently conveys the impression that they wre svargelistic wor-
shipers of GNP.

‘An obvious shortcoming of GNP is that it 1s an index of produc-
ticn, not consumption. The goal of eccnomic activity, after all, is
consumption. Although this is the centrel prexise of economics, the
profession has been slow to develop, either conceptually or statis-
tically, a measure of ecomomic perforr—nce oriented to consumption,
broedly defined and carefully calculated. We have constructed a
primitive and experimantal Mcasure of Econonmic Welfare (MEW), in
vhich we attempt to allow for the xore 6bv*.oua discrepancies betwsen
GNP and. ecdnomic walfare, A coxzplete account s given in Appendix A.
The main resgults will be discussed here . and sumcarized in Tables 1
and 2.

In proposing a welfare rcasure, we in no way deny the importance
of the conventional nafionb.l incoga uccounts or of the ocutput measures
based upon them. OQur MW is lurpgaly a rearrsngemant of items of the

pational maccounts. Groas and Nat Katicnal Product statistics are the
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chﬂ' chief tools for short-rum a:x’ysis, forecasting, and
policy and are also indfizpensable for z=m» other purhoses.

Qur adjustments to GIP il :n%n thra. gensrrl catwegories:
reclassification of GIP experditures a. ecr.luzptio:x; investmpnt,
and intarmadiate; irputation for the services of consumer capital,
for leisure, &and for the product of househcld work; correction for

some of the dicazenities of urbarizaticn.

1. Reclaszifieation of GIP final experditures. Ouar purposes

are firast, to subtract some items toat are better regarded us in-
strurental and intermediate ihar as rize! output, and second, to
allocate all rerxaining itez betwesr .onsumptica end net investment.
Since the national accounts do not differentiate government purchases
of goods and services, one of our mjicr tasxs is to split them among
the three categories: intermadiate, coosmumption, net investment., We
beve also reclassified some private upcndimrel.

Intermedinte products are goods axd ccrvices whose contribuilons
to present or mm-e' consuzar welfure &rm ccaplecely counted in the
values of other goods and serviee«s, 7To avold dsuble counting they

~

should .not be included in reckoning the net yield of econcmic activity.
Thus a1l nationsl incoxs accounts reckon as fina) corsumption the

bread but not the flour and as capital forrmtion the finished house but
not the lumber. The more difficult and controversial i=zsu«s in essigning

items to Intermw-diate or finnl categorics are +the rclloving:
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Capital conswption. ‘The deprecistion of capital stocks is a

cost of production, and output required to offset tie dcphcintion
is intercodiate ap surely as materials consumed in the productive
process. For most purposes, includirg velfare indexes, XAP is
preferable to GYP. Only the difficulties and lags in estimating
cﬁpi‘t&l cocasumption have mede CRP the popular statistic.

However, TP itself fails to treat many dursble goods as
capital, and counts as final their entire output vhether for re-
placexent or accumulation. These elementary points are vorth re-
peating because some of our colleagues are ialling the public that
esconcaists glorify westaful "through-put” for its own sake. Focus
on NXNP, and sccounting for all durables as ee.:bitll goods, would avoid
such foolish paradoxes as the implication that deliberate efforts to
make goods more perishable raise national output. We estimmte, hov-
ever, that proper treatment of consumer durables has little quanti-
tative effectx see Table 1, lines 3 and 5.

The other capitel consumption adjustents we have made ‘ariu from
alloving for government capital and for the educatiopal and medical
capital embodied in hurnan beirgs. In effect, we cave reclassified
education and health expendituresa, both public and privaf.c , &8 capital

investmants.

Growth requirermsnts. In prineciple Net National Preduct tells how

mich consumption the ecopomy could irdefinitely sustain. GNP does

not tell that; consuming the whole GNP in any year would impair future
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_eonsumption prospects. Put per capita rather than aggregate con-
suzption is the welfare objlective; neither economists nor other ob-
servers would as a rule regard sheer incresss in the numbers of

peacple enjoying the same average standard of living as & gain in

. welfare. Even NNP exagzerates exztainable per capita consumption,
except in & soclety with stniionary population -- another example of
the pervasiveness of the stationarity assumption in the past. Per
capita consumption cannot be sustainad with zero net investment; the
capital stock must be groving at the same rate as population nﬁd labor
force. This capital-widening requirament is as truly a cost of staying
in the same position as outright capital connu:ption.é/

This principle is clear encugh when growfh is simply incresse in
population and labor force. Its application to an economy with tech-
nological progress is by no means clear. Indeed, the very concept of
national income becomes fuzzy. O8hould the capital-widening reguire-
ment then be interpreted to mean that capital should keep pace with

output and technology, not Just with the labor force? 1If so, the implied

1/. Consider the neo-classical mcdel without tachnological change.
When labor force 18 growing at rate g , the capital-lsbor ratio
is k , gross product per worker 1is f(k) , nat product per
vorker 18 f(k)} - 8k , then the net {investment requiremsnt is
gk , and sustaipable conmsurption per worker is f(k) - &k - gk .

Denoting the capital-output ratio as p = ?%ET , Bustainable

consumption per worker can also be written as f(k)(1-u(&+g)).
Although TP exhodies in principle the depreciation deduction
gk , 1t does not take account of the capital-widening require-
ment gk .



sustainable consumption per capita growe with the rate of tech-
mological progress. This is the point of viow vhich we have mken.
in what follows. On tﬁe other kand, & ziven level of consuxptidn
per capita could be sustained with a steady decline in the capital/
output ratlc, thanks to tachnological pregress. _l/

The growth requirement is shown as line 7 of Table 2 ., This
18 clearly a significant correction, uasur.i'ng about 16 percent of
GNP i1in 1965.

Qur calculations distinguish between aztual and sustainable per
capita consumption. Actusal MEW may excead or fall short of sustainable
MEW, the amount that could be consumsd while meeting both capital con-
sumption and growth requirements. If these réquirencnts are met, per
capita consumption can grow at the tremd rate cf increase in labor
productivity. When actuasl MEW is less than sustzinable MEW, the economy
is making even better provision for future consumers; \rohen actunl MEW

exceeds sustainable MEW, current consumption in effect includes socme of

the fruits of future progress.

1.

AE 18 well knowvn, the whole concept of equilibrium growth collapses
unless progress is purely labor-augrenting, "Harrod-neutral."” In

that case the rate .g above 18 n+y , where n i1s the natural rate
of increase and 7y 18 the mte of technological progress, and "labor
force" means effective or augmented labor force. In equilibrium, out-
put and consumption per natural worker grow at the rate 7y , and
"sustairable" consuxption per capita means consurption growing steadily
at this rate, Clearly level ccnsurrption per capita can be sustained
with spaller net investoent than guf{k) , so that u and k

steadily decline, See Appendix A, section
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Instrumental expenditures. Since GNP and NNP sre measures of

production rather than of welfare, they count smeny activities that

are evidently not directly sources of utility themselves but are re-
grettably necessary inputs to activities that may yleld utility. Some
_government "purchases” are of this nature -- for example, police ser-
vices, sanitation services, road maintenance, national defense. Some
expenditures on these items are among the necessary overhead costs

of a complex industrial nation-state, although there is plenty of room
for disagreement as to the necessary a.mou:-zts. We are making noljud.gments
on such issues. in classifying these ocutlnys as intermedimte rather than
fina.l uses of resources. Likewise some consumer outlays are only in-
strumental, for example, the costs of commting to work.

These Judgments are difficult and clontrover'sia.l. The issues are
clearly illustrated in the important case of national defense.

There are two reasons why we exclude defense expenditures. First,
we see no direct effect of defense expenditures on househeld economic
welfare. -No reasonable country {or household) buys "national defense”
for its own sake. If there were no war or risk of war, there would be
no need for defense expenditures and no one would be the worse without
them. Conceptuslly, then, defense expenditures are gross but noct net
output.

The second reason is that defense expenditures are input rather
than output data. Measurable output is especlally eluslve in the case
of defense. Conceptually, the output of the defense effort is national
sscurity. Has the value of the nation's security risen from $0.5

bilifon 10 $50 piliion over the period 1929 to 19657 OCbviously not.
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It 1s patently more reasorable to assuzw that the rise in expendi-
ture vas dus to deterioration im internatioral reln.tions'a.nd to
changes in military technology. The cost of providing a given

level of security has risen enormously. 'If there has been no cerres-
ponding gain in secyrity since 1529, tha defenss cost series is a
very aislesding indicator of improvexsnts in welfare.

. The econoxy's abillity to mret increased defense ccl)ltl spesaks
wll for its productive perromcp. But the diversica of pro-
ductive capacity to this purposs Emmot be rog.méd 8imply as a
shift of mational preferences and product mix. Just as wve count
tachnological progr?u, managerial innovation, and envirpamental
change vhen they work in our favor {consider new business mmchines
or mineral discoveries) so we must count a deterioration in the en-
vironment when it works against us (consider bad vealdaw @nd war, )
From the point of view of economic welfare, an arms control or dis-
armeent agreemsnt wvhich would free resources and raiss consumption
by ten percent would be jJust as significent as nev industrial processes
Yielding the same gains.

In classifying defense costs -- or police protaction or public
health expenditures -- as regretinble and instrumsntal, we certainly
do not deny the possibility that given the unfavcorable circumstances
that prompt these expanditures consumers vill ultirately be better

off with them than without thom. This ray or may not be the case.
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“The only julgmeant wve mnke is that thase expenditures yield no
direct satisfactions. Even if the "regrettable” cuzilays are
maticmal responses to unfavorable shifts in the envirounment of
econonic activity, we balleve thut l.,wlfm Esasure, perbaps un-
like a production mcasure, should record such environmental change.

We must admit, hovnver,‘ that the line botv_aen fipal and in-
strumental outlays 18 very hard to drav. For example, the philo-
sorhical problems raised by the malleabikity of consumer wvants are
too deep 10 be resolved in economic mccounting. Consumers are ‘su-l
ceptible to influence by the examples and tastes of other consumers
and by the sales efforts of producers. Maybe all cur wants are just
regrettable necessities; maybe prod.ucti_v'n a.ctivita' does no better than
to satiafy the wants which it generates; mybe 'ou.r net welfare product
is tautologically zero. More sericusly, we unhot measurs velfare ex-
clusively by the quantitative flowvs of goods and services. We need
other gauges of the health of individuals and socisties. These too
will be relative to the value systezs vhich determine whether given
symptoms indicate -health or disease. But the "social indicators”
movement of recent years still lacks a coherent, integrative con-
ceptuzl and statistical frameswork.

We estimata that overheed a&nd regrettable expenses, so far as we
have been able to define ard mensure them, rose from 8 percent to 16

pe cent of GNP over the period 1529-1965. See line 4 of Mble 2.
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2. Izmutations for capital services, leisure, ard nonrarket work.

In the national 'inccxm accounts,; rept I3 ilpgputed on owner-occupled
hoﬁu and counted as consumption and income. W mist make similar
ixputations in other casesa to wvhich we have applied capital ac-
counting. Like owner-occupied homes, other consumer durables and
Public invesimants yleld consumption directly, without merket trans-
sctions. In the case of educational and realth capital, we have
assumed the ylelds t0 be intermaodlate services rather than direct
consunption. That 18, we expect to see the fruits of investments
in education and health realized in labor pz;oductivity and earnings,
and we do not count them twice. Our @sm ulerstates economic
velfare snd its growth to the extent that education and medical
care are direct rather than indirect sources of consumer satisfac-
tion.

The omission of leisurs and of nocamnrket productive activity
from measures of production conveys the impreaaion that economists
ere blindly meterialistic. Econaaic theory teaches that welfare
could rise, even vhile KNP falls, a8 the result of voluntary
choices to work for pay fewer hours per weck, weeks per year, years
per lifetima,

These irputations unforturately raise sarious conceptual ques-
tions, discussed nf soms length in Appendix A, section A.3.

Suppose that in calculating aggrecate dollar consumption the hours
devoted to leisure and nonmarket productive activity are valued at
their presumsd opportunity cost, the money wvage rate. In converting

current doliar cemswption to ccastant dollars, what assumption should
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be made about the unobservable price indexes for the goods and ser-
vices consun=3d dﬁring those hours? The wege rate? The price index
forrmrkcte-i consuwpticn goods? In forty y=ars the Iwo diverge sub-
stantially; the choice between them mmkes 2 big difference in esti-
‘ntas of the grovth of MEW. As explained in Appendix A, the merket
consuxption "deflator”™ should be used 1f technological progress has
sugrznted nonmarketed uses of tims to the same degree as mr.keted
labor. The wage rate should be the deflator if no such progress has
occurred in the effectiveness of unpaid time,

We provide in Tables 1 and 2 calculations for three conceptual
" alternatives. Our own choice i1s variant B of MEW wnich deflates the
value of leisure by the wage rate and the value.af nonmarket activity

by the coasumption deflator.

b Disazsnities of urbanization. The national income accounts

“largely 1@01’0 the many sources of utility or disutility that are not
associated vith market transaciions or msasured in the mrka-t value

of gocls ard services. If cue of ry neicibors cultivates a garden of
_ever-increasing beauty, and another makes more and more noise, neither
my increasing apprecistion of the ons norxy growing annoyance with

the otkher cocmos to the a.ttcntiop of the Derpart=snt of Cawrce.

Likewiss there are scm3 socially productive assets (like the

envirozmont) that do not appcar in any balance sheets. Their ser-
vices to producers arl consurars are not velued in calculating
pational incoms. By the eers to4en no allovance 1s rmde for depletion

.of their capacity to yleld services in the future.
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¥eny of the neguntive “sxzernilitiEs’ Lf w00 groe U ANe coR-
nected with urvenizution and congention,  The seceinr odvoncoss re.
corded in NP figures hes esccorponied o wiat mderatlion frooe maal
egriculture to wban fndustry., Wibout tals cucusatlonal oal resd.
dential revolution we could not Lave enjoywd the frulils of teen-
nological progress. Bub soxm of the higner earnings of wibsn resi-
dents  wny sirply be compensaticu for the dipamenities of urbin 1life
and work. If so we should not count as & gain of welfwre the full
increments of KHP that result from moving a miz from form or smell
town to eity. The persistent associstion of higher wages with higher
population densities offers cas meathod & aptizating e costs of
urban life as they are valued Ly pecple pmking residential and occu-
pational dscisioma.

As explained in Aﬁpond:.x A, section A4, ‘we have tried to es-
timate by cross-section regressions the income differentials necessary
to hold people in localities with greater population densities. The
resulting estimntes of the dipenmnity costy of wrbaaliatlon are shown
a8 1ine 8 of Table 1. As can be seen, the estimited Alsamenity pre-
" xium is quite substantisl, runnirg about 5 pareent of GHP., Nsverthe-
less, the urtanization of the populaticn has not been rapild enough so
that charging it wvith this cost significsntly reduces the estimated

rate of growth of the ecomcxy.
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The aljustzznts leadirg from paticnal accuunte “personal con-
surption” to MW consumptiuz are shown in mble 1, 2ud the relations
of GNP, KNP, and IIW are swomrized in Parle 2. For reasons pr§-
viously indicated, we believe tut B welfare asusvure shouid bave
the dirension psr capita. We would siress tae per capita MEW
figures showvn in Tables 1 and 2,

Although the nuitsers jpressuisd here ue.very tentetive, they
do suggsst the following observationa. First, MEW ‘g cui<e 410-
ferent from convantioon) cutput m:aso.res, Some sousimplicas {Lems
omitted from GNP are of substantinl gusntitailive izyo tacce, 3econd,

: par capita
our preferred variant of ()W har wen growing #lower than per capita
X¥P (1Ll percent for MEW as againss 1.7 percent for NNP, at anmml
rates over the period 1929-1505). Tet Kiw has veen growing. The
progress indicated by éonventimml. mtiouai a2ty 18 not Just a

myth that evaporates vhen a welfire-irisuled nsasure 18 substituted.
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l. Personal *Conm:m'ption,
NIPA 13G.6  125.5 183%.0 206.3 25547 290.1 36T.T
2.' Private Instrumental
Ixpenditures -10.3 -3.2 -9.2 -10.9 . -6 -19.9 -30.9
%, Dureble Goods
I:)urchaﬂes "1.60 7 "1_1- 5 -.12. 5 -26. 2 '55. 5 "37-9 -“‘ 9
4. Other Household :
Investment "6. 5 -6. 5 -9. 1 -loo h “‘150 5 -19. 6 - w‘ 1
5. Services of Con-
suver Capltal :
Imputation _ 2% .9 I7.8 22.1 26.7 1.2 40.8 2.3
6. Imputation for
Leisure B 339.5 bLOL3  450.7 k669 583.2 5549 626.9
A 339.5 L4O1.3 L50.7 466.9 52%.2 554,9 620.9
C 162.9 231.3 331.8 5,64 477.2 554,9 712.8
7. Imputation for |
Nonmarket '
Activities B 85.7 -109.2 152.h 159.6 = 21l.5 239.7 P05,
A 178.6 189.5 207.1 215.5 231.9 223, T 259,8
: € B85.T 109.2 152, 159.6 211.5 239.7 295.
8., Disamenity _
Correction -12,5 14,1 -18.1 -19.1 2h,3 -27.6 24,6
9. Government :
Consumption 3 o3 ok D .9 .8 1.2
10, Services of
Govermmart
Capital o
Imputation 4.8 6.4 8.9 10.0 1.7 14,0 168.6
11, Total Consurption ,
« Actual MZW B 5k3.8 619.8  T7C8.8 803.k 9k8.3% 1035.3 12k3.6
A 68.7T €27.7 g%, 859.% 968.7 1035.3 1208.0
C  37R.2 M.k 649.9 682.1 90R2.3 103%5.3 139.5
12, MEW lNet
In‘ve!lfz!nt -505 -h6¢° '52-5 - 5505 1%.0 12.5 -2e5
13. Sustainable
MEW B 583.5 5T75.h 6.3 . 858.7 961.3 1047.8 12k1.1
' 63%.% 65%.7 T71.0 91k.6  981.7 10W7.8  1205.5
c 366.9 hoB.M 597.4 T57. % 915.% 1047.8 1327.0
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TATLE 1. (Contirued)

1k,
15.

17.

19.

(b111icns of dollars, 1958 prices]

129 1925 9% 197 195k 1958 1965
Fopslatica 121.8 '127.5 1%0.5 1k, 7 163.0 174.9 194.6

(dodlars) B h506 k€56 SkT2 5552 5818 5919 6391
A 5338 5ho6. 5861 5938 5943 5919 6208
C 356 »R k526 hTLe 5536 5919 6832

199 = 100 B 100.0 108.0 1214 1232 129.1  13L.h 1418
A 100.0 10k.3 111.3 L2.7 112.8  112.h  117.8
¢ 100.0 115.5 151.h  15k.3  181.2 193.7 223.6

(aollars) B Mi62 bSOk 5098  593% 5808 5991 6378
A $225 S35 SAB8 631 60R3 5991 6195
C %012 3169 hese 5096 5615 5991 6819

1525 = 100 B 100.0 100.9 1k.3  133.0 132.2 1%.3 142.9
| A 100.0 $8.3 105.0 121.0 115.3 k.7 118.6
¢ 100.0 105.2 k1.2 169.2 186.% 198.9 226.h

Per capita

mnuuar-' 1085 1208 ghoL 2038 2%05 2335 2697

129 « 303 109.0 T0.6  155.8 131.9 1.2 1511 187.5

* Faticaal Income amd Product Accounts.

Source:

Note:

See Appendix Table A-16.

Variants A, B, C in the table correspond to different assumptiions about the
bearing of tochnologicel progrecs on leisure and nonmarket activities.
Variant A assumes that neither has benefited from technological progress at
the rate of increase of real wages; variant C assumes that naither has 8o
bensfited; variant B assumes that leisure has not been augsanted by tech-
nological progress but other nonmarket activities have benefited. See

_Appendix A, section A.3.2 for explanation.
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TABLE 2.

Gross National Product and MEW

[bil1ions of dollars, 1958 prices]

1929 13 145 k7 15k 1958 1965
Gross National Product . 203.6 169.5 35542 309.9 hot.0 L47.3 617. 8.
Capital Consumption, NIPA . -20.0 -20.0 -21.9 -18.3 -%2.5 -38.9 "51"'7.
Bet National Product, NIPA | 183.6  149.5  333.3  291.6  37h.5 §0B. b 563.1
NIFA Final Output Reclassified
a8 Regrettables & Intermediates
a) Covernment -6.7 -T.4 -1k6.3 -20.8 -57.8 -56.4 -63.2
b) Private ~10.3 -9.2 -9.2 «10.9 -16.h -19. 9 -30.9
TImputations for items not included
_in NIPA: ¥ .
a) Laisure 339.5 401.3 k50.7 466.9 523.2 55%.9 626.9
b) Norarket Activity 85.7 109.2 152.% 159.6 211.5 2%9.7 295. 4
c¢) Disaronities =12,5 -14.1 -18.1 -19.1 -24.3 -27.6 -34.6
Y ac:;i:ld pblie & privte 29.7 24,2 5.0 36.7 b9 54.8 8.9
Additiomal Capital Conmummption ~10 8 -3 & -1L7 -50. 8 -35.2 -2T.3 -7
Growth Requiroment -46,1 k6.7 . -65.8 +5.h £3.1 -73.9 -101.B
Sustainable FEW 43.6 5734 T716.3 £38.6 $51.3 16T 1 12h1.1

. . .
Iational Incomm ard Product Accounts.

Source: Sce Appendix Table A-17.

Note: Varinnts A, B, C in the table correspond to different assumptions about the bearing of tach-
nologlienl progress on leisure and nonmarket activities. Variant A assumss that neither has
benefited from technological progress at the rate of increase of real wages; variant C
assuncs thet nelther has 80 benefited; variant B assumes that leisure has not been augmanted

by technological progress but other nonmarket activities have benafited. See Appendix A,
section A.3.2 for explanation. '
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Growth and Na.mml Reaources

' Calculations like the foregoing are unlikely to satisfy critics
who believe that economic growth per se plles up immense social costs
ignored in even the moet careful national income calculations. Faced
with the finiteness of our earth and the expﬁnential growth of economy
and population, the environmentalist sees inevitable starvation. The
sPec‘b;ar of Malthus 1s hasunting even the affluent society.

There is a familiar ring to these criticisms. Ever since the
Industrial Revolution pessimistic Bcientista‘ apd economists have
warned that natural reaoul"ces ultimately limit the possibilities of
| economic expansion and that society only makes the eventua;.l future
reckoning more painful by ignoring resource limitations n.ow.

In important part, this is a warning about population growth,
vhich we consider below. Taking population de-velopments ag given,
will natural resources hecome an increasingly severe drag on economic
growth? ..We have not found evidence to .support this fear. Indeed,
the opposite appears to be more likely; growth of output pér capita
will accelerats ever 8o 8lightly even as stocks of natursl résources
decline.

The prevailing standard model of growth assumes that there are
ne limits on the feasibility of expanding the supplies of nonhumen
agents of production. I+t is bagically a two-factor model in which
production depends only on labor and reproducible capital. Land and
resources, the third member of the classical triad, has generally

been dropped. The simplifications of theory carry over into empirical
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vork. The thouéands of aggregate froductiun functions estimated by
econcmtricians in the last decade are labor-capital functions.
Presuznbly the tacit justification has been that reproducible capital
is & near-perfect substitute for land and other exhaustible fe-
sources, at least in the perspectiive of herolc aggregation customry
in macro-economics. If substitution for natural resources is not
possible in any given technology, or if a pa.rti_cular resource is
exhausted, we tacitly assume that “land-augmenting” innovations will
overcoma the scarcity.

These optimistic assimptions about technology atand in contrast
. 10 the tacit asswption of envircnmentalists that no substitutes are
svailable for natural resources., Under this condition, it i1s easily
sesn that output will indeed stop- groving or decline. It thus appea-ru
that the subat:.mnhnity (or technically, thé elasticity of substitu-
tion) between the nsoclassical factors, capital and labor, and natural
resources is of crucial izportance to future growth. Although this 1is
an arca ﬁead.tng further research, we have made two forays to see vwhat
the evidence is. Details are given in Appendix B below.

Firat we ran several sirulations of the process of econcmic growth |
in order to see which assu—ptions about substitution and' technology
£it the "stylized" facts. The inportant facts are: growing income
per capita and growing cﬁ.pit&l per capita; relatively declining in-
puts and incoms shares of natural rescurces; and a slovwly declining

capital-ocutput ratio. Among the various forms of production functions
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considered, the fo].laying anaumtionl coms closest to reproducing
these stylized facts: (1) Either the elasticity of substitution
between natural resources and other factors 1s high -- significantly
greater than unity -- or resource-sugmenting technaelogical change
has prodesied faster than overall productivity, (2) the elasticity
of substitution between labor and capital is close to unity.

After these simlations were run, it appeared possible to es-
timate directly the parameters of the preferred form of production .
function. Econometric estimstes confirm proposition (1) and seem
‘to support the alternative of high elasticity of substitution be-
tveen resaurces and the neoclassical factors. - | |

Of course it is always pduible that the future will be dis-
continuously different from the past. But if cur estimmtes are ac-
cepted, then continuation of substitution during the naxt fifty years,
during vhich many envirommsntalists foresee the end to growth, will
vitness a sml) increagse -- perhaps in the order of 0.1 percent per
anmm -- in growth of per capita incoms.

Is aur economy, with its mixture of market processes and govern-
mental controls, bimsed ':Ir.n favor of wastaful amd shortsightad exploita-
tion of natural regources‘! In considering this charge, two arche-
typical cases mtbo distir-uishcd, although many actual cases fall
between them. First, thore are appropyriable resources for which buyers
pay market values and users market rentals. BSecond, there are inappro-
prisble resources, "public gocds,” whose use appears fres to individual

producers and consuners but is costly in aggregate to society. -



If the past is any guide for the future, there seems to be
1ittle reasom to vorry sbout the exhaustion of resources which the
market already treats as economic goods. We have aiready commsnted
on the irony that both growihmen and anti-growthmen invoke the
intereats of future gensrstions. The issue between them is not
whether and hov much provision must be mmde for future generations,
but in wvhat form it should be made. The growthmmn emphasizes repro-
ducible capital and education. The conservationist emphasizes ex-
baustible rescurces -- minerals in the ground, open space, wirgin
land. The ecomomist's initial presumption is that the market will
decide in viat forms to transmit wvealth, by the requirement that all
kinds of wealth bear a comparable rete of return, RKRov stocks of
mtural resources -- for example, mineral deposiis -- are essentially
sterile. Their retwrn to their owmers is the increase in their
prices, relative to prices of other goods. In a properly functioning
mrket ecomomy, resources vill be exploited at such a pace that their
rate of relative price appreciation is competitive with retas of re-
turn om other kinds of capital. MNany conservationisis have noted
such prioce appreciatiom with horror, dbut if the prices of these re-
sources acourately reflect the soarcities of the future, they amust
rise in order to preveat t0e rapid exploitation. Netursl resources
should grov in relative soareity -- otherviss they are an inefficient
way for soclsty to hold and tramsmit wealth compared to productive
FPhysioal and humsn oapital. Price appreciation protects rescurces

from premture exploitatiom.
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Hovw would an excessive rate of exploitation show up?! We would
see rates of rélatin price increase above the general real rate of
return cn vealth. 'his would indicate that soclety hed in the past
used precious resources too profligately, relative to the tastes and
technologies later revealed., The scattered evidence we have indi-
cates little excessive price rise. For same resources, indéed,
prices seem t0 have risen more slovwly than grficient use vonld in-
dicate ex post. |

If this reasoning is correct, the nightmare of a day of reckoning
and economic collapse i!{en, for exanple, al.l foezll fuels are forever
gone seems to be based on failure to recognize the existing apd fu-
ture possibilities of substitute materid¥d and processes. As the day
of reckoning approaches, fuel prices will provide -- us they do not
ROV -- strong incontﬁu for such substitutions, as well as for con-
ssrving supplies. On the other hand, the warnings of the conserva-
tionists and scientists do underscore the importance of comtinuous
monitoring of ‘the natiomal dnd world outlook for energy and other re-
sources. Bubstitutabllity might diuppe.ir. Conceivably both the
mrket and public agencies might be too complacent about the prospects
for nev and sefe substitutes for fossil fusls. The opportunity and
nesd for fruitful sollaboraticn betwvsen economists and physical
scientists has nmror been greater.

Possible abuse of public natural resources 1is mnch more serious

& problem. It is useful to distinguish local and global ecological

disturbances. Local distzbances include transient air pollution,
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water pdlution, noisa pollution, visual disamenities. It 18 cer-
tainly true that we have not charged automobile users and electricity
consumers for their pollution of the skies, or farmers and hbuse-
wives for the pollution of lakes by the run-off of fertilizers and
détergents. In that degree our naticnal product series have over-
estiznted the advance of welfere. Our urban disamenity estimatas
given above indicate an over-estimmis of about 5 percent of total
consusption at present.

There are other sericus consequences of treating as free things
vhich are not really free. This practice gives the wrong signals
for the directions of eccnomic growth. The producers of automobiles
and of electiricity should be given incentives to develop and to
utilize "cleaner" technologies. The consumers of automoblles and
electricity should pcy in higher prices for the pollution they cause,
or for tho higher cosis of low-pollution processes. If recognition
of these costs causes consumars to shift their purchases to-other
goods and services, that is only efficient. At present over-produe-
 tion of these gocds is unoconcrically subsidized as truly as if the
producers received cash subsidies from the Treasury.

| The mistake of the anti-growihrsn is to blame economic growth
per se for the mirdirection of eccaomic growth. The misdirection is
due to a defect of the pricing system -- & seriocus but by nRo means
irreparable defect arxd oae vhich would in any case be present in a

stationary econcaxy. Pollutants have mltiplied much faster than the
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population or the econcesy duri.ng the last thirty years. Although
general economic growth has intensifisd thé Problem, it seems to |
originate in particular technologies. The proper remedy is to |
correct the price synum/:: to discourage. these technologies.
Zero economic growth 1s & blunt instrument for clesner ailr, |
prodigiously expensive and prodably inef‘fec‘tm.l.

As for the danger of global ocologica.l'eatastrophes, there is
probably very little that economics alcne can say. Maybe we are
pouring pollutants into the atmosphere at such a rate that we will
melt the polar iceceps and flood all the world's seaports. Unfor-
—.bmt:taly, thare' seexs to be great uncertainty about the causes and
the likelihood of Buch occurrences. l'mese catastrophic global dis-
turbances warrant & higher priority for research than the local dis-

turbances to vhich so much attention has been given.

Population Growth

Like the role of natural resources, the role of population in
the standard neoclassical model is ripe for re-examination. The
assuptiion is that population and labor force grow exogenously like
compound interest. Cbjections arise on both descriptive and normative
grounds. Wa knov that population growth cannot continue forever. Some
day there will be stable or declining population, either with high birth

and death rates and short life expectancies, or with low birth and death
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rates and long life expectencies. As Richard Emstsrlin argues in
his Fational Pureaw bbok, there surely is scme adaptation of human
fertility and mortality to econcmic circumstances. Alas, neither
econaaiats nor other social scientists have been no*tably successful
in developing & theory of fertility that corresponds even roughly
to the facts. The subject deserves much more attentlon from econo-
nilts and sconcmetricisns than it has received.

Or the normative side, the complaint is that econcmigta should
rot fatalistically acquiesce in whatsaver population growth happens.
"They should instead help to frame a population policy. Since the
costs to soclety -of additicnal E.hildren may exceed the costa to
t.ha'pa.rents, chﬂ.d-bearing decisions are a signal example of market
failura. How to intu_'na..liu the full social costs of reproduction
is an even more challenging problem than internalizing the social
costs of pollution.

bur’ing the past ten years, the fertility of the Unitsd States
population has declined drammtically. If continued, this trend wvould
soon diminish fertility to a level ultimately consistent with zero
papu.hﬂ.m. grovth. But such trends have been reversed in the past,
snd in the absihne of any rea.l‘ understanding of the determinants of
fertility, predictiocns are extremsly hazardous.

The declins ray be illustrated by comparing the 1960 and 1967
net reproduction rates and intrinsic (economists would say "equili-

brium”) rates of grovth of the United Stmtes population. The calcula-
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tions of Teble 3 refer to the asumptotic steady-state implications
of Indefinite continuation of the age-specific fertility and mor-

tality rates of the year, 1960 or 1967.

TARLE 3.
U. 8. Population Charactaristics in Equilibrium

Intrinsic Growth Net Reproduction Median Age

Rate (% per year) Rate
1960 fertility-
mortality 2.1362 1.750 21-22
1967 fertility- '
mortality 0.7370 1.221 28
Eypothetical ZPG 0.0000 1.000 2

Should the trend of the 1960s continue, the intrinsic krovﬂ; rete would
become zerc and the net reproduction rate 1.000 in the 1970s. Bupposing
that the decline in fertility then stopped, the actual population
would grow slovly for another forty or fifty years while the inherited
bulge in the age distribution at the more fertile years gradually
diu.ppgnred. The asumptotic size of the population would be bhetween
2;50 and 300 million.

tne connqueiu;e of slowing dovn the rate of population growth by
diminished fert:l.lityl is, of course, a substantial increase in the age
of the equilibriun population, &s indicated in the third columm of
Table 3. It 1s bard to Judge to vhat degree qualitative change and

innovetion have in the pest baen d.ependent. on quantitative growth.
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When our institutions are expanding in size and in number, deadwood
can be gracefully bypessed amd the young can guide the nev. Ina |
stationary population, institutional change will either be slower
or more painful.

The current trend in fertility in the U. 3. suggests that, con-
trary to the pessimistic warnings of some of the more extreme anti-
grovihmen, it seems quite possible that ZPG can be reached while
_child-bearing remeins a voluntary private decision. G&ernneht
Policy can concentrate on making it completely voluntary, by ex-
tending the aveilability of hi:;th control knovledge and technique
and of legal ibortion. Since scme 20% of current births are es-
timted to be unintended, it my well be that intended births at
presant are Iinsufficient to sustain the population.

Once the rate of population growvth is regarded as a varisble ,
perhaps ono subject to consciocus social control, the neoclassical
grovth rnod.el can tell sane of the consequances of its variation. As
explained above, sustainable per capita consumption (growing at the
rate of technological progress) requires enough net mveﬁtnant to
increase the capiial stock at the natursl rate of growth of the
econoxy {the sum of the rate of increase of population end produc-
tivity). Given the eapital/output ratlo, sustaimable consumption
per capita will be larger the lower the rate of populaticn increass;

the capital-widening requirement is diminished,



- 32 .

This 1is, however, not the only effect of & reduction of the
rate of populntion growth. The equilibrium capital-cutput ratio
1t§elf is altered. The average wealth of a population 18 a weighted
average of the wealth positions of people of different ages; Over
its life cycle the typical family, starting fram low or negative
net worth, accummlates wealth to spend in old age, and perhaps in
middle years wvhen children are most costly. Nov & stationary or
slow-growing population hasg a cha.:acteristic age distribution much -
different from that of a rapidly growing population. The stationary
population vwill heve relatively fewer people in the sarly low-wealth
years, but relatively more in the la.te' low-wealth years,  So 1t is
not obvious in which direction the shift of weights moves the average.

We have, hovever, estimated the shift, by a series of calcula-
tions described im Appendix C. Illustrative results are shown in
Tables 4 and Figure 1. Evidently reduction in the rate of growth
increases the society's desired wealths-income ratio. This means
an increass in khe capital-output ratic which increases the society's
sustaipable consumption per capita.y

0n both counts, therefore, a reduction in population increase shqﬁld
raise sustainable consurption. Ws have essayed an estimate of the magni-
tude of this gain. In a ZPG equilibrium sustainable consumption per capite
vould be 9-10% higher than in & steady state of 2.1% growth corresponding
to 1960 fertility end mortality, and somewhat more than % higher than in

a steady state of 0.7% growth corresponding to 1967 fertility and mortality.

1/. Provided only that the change is made from &n initial ‘situation in
which the net rarginsl productivity of cepital exceeds the economy's
patural rate of growth. Otherwise the increased capital-widening
requirensnts exceci the gains in output.
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These neoclassical calculations do not take account of the
lowar preuure'or population growth on natural resources. A8 be-
tween the 1960 equilibrium and ZPG, the diminished drag of resource
limjtations is worth sbout cne tenth of 1 percent per annum in
growth of per capita consumption. Moreover, if our optimistic
estimtes of the ease of substitution of other factors of produc-
tion for natural resources are wrong, & slowiown of population growth
vill bave mich more important effects in péstponing the day of
reckoning.

Is Growth Obsolets? We think mot. Although GNP and other
national income sggregatas are imperfect measures of welfare, the
broad picture of secular progress which they convey remains after
correction of their most obvious deficiencies. At present there is no
reason to arrest genérn.l sconomic growth to conserve patural resources,
slthough there is good reason to provide proper sconamic incentives
t0 conserve resources vhich currently cost their users less than true
locil.l‘cost. Populaticn growth cannot continue indefinitely, and
evidently it is already slowing down in the United States. This slow-
dowvn will significantly increase susltn.inable per capita consumption.
But even with ZPG there is no reason to shut off technological progress.

The classical stationary state need not become our utopian norm.



TABLE U,

Ilustrative Relationship of Sustainable Der carita Consumption %o
Marginel Productivity of Capital and Capital /O:tput Ratio

(1) (2) (3} (4) (5) (6) (1) (&)
Margizal Productivity of Capital tio of Ratlo of Index of Index of cons.m;tion per capita
Capital to Carital to NP 1960 o, 127 rop. VASH

Srocs Net of Darrecistion GKP aNP per capita EToWin srovih

R R~ & ! U N ~ c ¢
.09 »05 3.703 4.3s 1.639 1.263 1.372 1.426
01@5 C%S :ClTS 50637 l|556 10265 103’:“'1‘ ll }8‘6
12 .08 2.778 3.125 1.h82 1.245 1.309 1,243

15 12 2,222 2.43%9 1.%56 1,187 1.2%3 1.257

Notas: Ar Cobb-Douglas prod:ction function i=s q.asumed for GNP, with constant returns to scale, with an
elasticity of output with respect to capital a of l/j, and with the rate » of lador-a.gnenting
technological progress ¥ per year. The derreciation rate 34 is assumed to be k% per year. GN?

ver carita Y is acﬁ‘xa a.mi'N!\'P ;jer capita y 1is Y - 8k where k 18 the cepital-labcor mtia,

Colir:n (3) Since Rk = aY y u' =

<l
i

Column (J+) g™ l—-:%

Column (5) y = (1 - a')Y . For the purpose of the index, ae”t is set equal tc 1.
Colwmns (6), (7), (8) e = {1 - (n+ )iy . Given ¥ = ,0% n + 7. is .0513 tor 1070,

LCATH for 17, 030 for ZIG.



Decired Wealth/Incoe Ratlios Estiznitad
of Population Growth (and for Differsrs b Zvale-t Al:l

TABLE 5.

el .

and Subjective Discount Retes)

Desired wealth/incoms rniio

Jor

-

Dirferent ntew

y <
o

cales

Teennpars (.0

ntlaren

Dicco nt

.

« Ul

Teenagerr .

Children

e

Disecoint .02

Teenngers Q.0

Children

C.C

Diacount .02

Net Interest Rete 1960 Fop. 1967 Pop.
R - 3 growth (.021) Growth (.007) YASH
U 9y W
.05 -1l.70 -1.46 1.2k
. 065 0.59 0.91 1.16
.08 2.31 2.70 2.90
-1 4,31 b.71 b, 95
.05 0.h1 0.Th 0.7
065 2,36 2.75 Hel0
.08 3.7h .16 by
A1 517 5455 5475
05 -1.17 =0.95 07
#0605 1,08 1.38 1.60
¢08 2.7“‘ 3.1-1 5‘3‘1‘
t]-l kcsl ll>.98 5.18
005 ‘o.h'o "0.15 0. U‘\
065 1.93 2.20 2436
.08 3,56 3,85 h,01
.11 5.20 5.47 5.hL
Notes: The desired wealth/income retio is calclated for a ziven steady ciate A

lation incrense end the correspondins enuilibriim s

distrimition,

apgregation o the wealth and income wositlons of Lo seholde ol d
A8 explained in Appendix C it also dereuls on
4typical are-income profile and the ex:ccted growtn of Incomes (v = .07)
(c) the rate of c.bjeetive disco:nt of Tutire utiilty ol cons.motion,

(1) the weighty piven to Teenmgers (Loys 1i-20 an! s1irls 1%-13) an! otner
incomes to connum,tion 1n
See Appendix C for further e.j.lanatiou,

children in houscnold allocntions of life-tine
different years.

It 45 Ao

1ffarens A3
3y

() the interest rate, (L) .o
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TABLE 6,

Estimeted Equilibrium Capital/Outiut Ratios,

and Per Capita Consumption Ratas.

Population Interest Capital/Output Consurption % Increase
growth Rate Ratio Index in ¢ over
rate R-28 " ¢ 1960

1960 .089 2.88 1-25 Y

. -’,

1967 . 085 2.99 1.30 5.62 (

ZFG 082 3,07 1.3 9.0h

1960 LO7Th 3.28 1.25 ]

1967 071 3.36 1.3% 6,23 1

ZH; . 069 347 1.%7 2.7k ‘

1960 + 08k 3.00 1.2k

1967 030 3.1 1.31 .02 !

yAH 078 3.16 135 8.97

1060 07T 5,22 1.25 ;

1957 L7k 3,28 1.32 6.2
ZPG 073 3433 26 9.99

Note: Estimatad by interpolation from Tables b ang

(_«1.4--&;[#1**
At weals
Coant Suly wto ot
[,lk(t:,a..q,i Rat,

Tearagers « 1,0
hildren = 3.0

Discount = .02

Teenagere » O,

Cnildren = (.6

Diseniqt = (L

Teenayers = (.
Crildyen » 0.0

Discoint = 07

Teens,era =~ /.
Chlldren =u.2

Discount = ,%92
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ASPRNDIX A.

A Measure of Economic Welfare

e pwpose of this appendix is to explain the Measure of
Econonde Welfare (MEW) introduced in the text, _Concep't:tmlly it is a
carprehensive measure of the lanm;:al real consurmtion of households.
Conswption 1s Intended to include all goods and services, mrketed
or not, valued at market prices or at their equivalent in opportunity
costs 1o comsm?rs.’ Collective public consum;%tion 1s to be inéluied,
whether provided by government or otherwise; and allowance is to be
mede for negative externalities, such as those due to environmental
damage and to the disamenities and conggstioﬁ o" urbenization and in-
dustrirlization. Real consumption is estimated by wmluing the flows.
of goods and services at constant prices.

Wa distinguish Sustainable Welfare (MEW ) from Actusl Welfare (MEW®).
Sus‘ca.i.rmbie MEW 1s - the amount of consumption in any year that 1s consis-
tent with sustained steady growth in per cepits consumption at the trend
. rate of technolpgical pProgress, I;IEW, whether sustainable or actual,
can be. exnressed alther in agpregate or in per capita terma. For obvious
reasons set forth in the text, we regari the per capita measuré as the
more relevant one, & julgment that enters into the very definition of MEW® .

Actual NEIW excludes all final output actually devoted to capital re-
placerent and accurmlation. Sustainable MEW excludes the capital expendi-

tures needed to sustain the ca.pital—output ra.'i:io. It allows
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for capital depreciation, for equipping new members of the lahor
force, and for increasing capital per worker at the trend rate of
productivity change. MEW® will be greater than MEW'  n years when
the economy 18 investing more than these requirements, and smaller
vhen it is investing less. In s neo-classical growth model, excess

of MEW® over MEW® means that the capital/output ratio is rising,
the economy 1s moving to a higher equilibrium growvth pét.h, n.nd MEW®

is increasing faster than the trend rate of technological progress. An
excess of MEW over NEW means the opposite.

We have not attempted to estimate a concept of "potential MEW" --
analogous to potential GNP -- which would correct for fluctuations in
utilization of the labor force and the capital stock. Consequently |
comparisons of MEW, actual or sustainable, are best confined to periods
of comparable utilization. The end points q_f our trial calculations,
1929 and 1965, are roughly coaparable in this respect.

We are aiming for a consumption measure, but we cannot of course
estimate hov well individual and collective happiness are éorrelatad
with consumption. We cannot say whether a modern society with cars,
airplanes, and television sets is really happiler than the nation of
our great-grandparents who lived without use or knovledlge of these
inventions. We cannot estimmte the externalities of social interde-
pendence, of which Veblen, Galbraith, and other socisl critics have
complained. That 48, we cannot tell to what degree increases in con-
sumption u.r? offset by displeasure that cthers are also Iincreasing
their consumption. Nor can we tell hov much consuwption is simply
the relief of artificially induced cravings nurtured by advertising

and sales effort.
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In supgesting a consuﬁbtion-oriented measure, we do not in any
way derocate the L*rpo;tance of the conventlonal netional Income e‘.c-
counts. Ther are, of course, the chief and indlsuensable source of
our caleulations, which are for the most part simply a rearrangement
of the data the Depé.r‘anent of Cammerce feithfully and skillfully pro-
vides. fross National Product and Net National Product are measures
of dztput performance, As such, they are the relevant measures hoth
for short-run stabilization rolicy and for ass2ssing the economy's
long-run progress as a productive mechine.

Qur nurrose 1s d:!.f‘faren‘t'; and sugrests .a. different reasure.
' fonsider, for exarple, the treatment of defense expenditure, vhich
ross from less than 1% of GNF in 19é9 to 10% in 1955, The cepacity
of the economy to meet this rise in defense demands, along with others,
certain’;;y deserves to te counted in assessing its g;ninfs in productive
performance between the two dates. Dut we exclude de;‘e'nsa expend i~
tures because the_y add to neithez_' e.ctualnbr sustainable household
consumption. E[h:l.é exclusion does not charge the rise in
defense expenditures as an Inevitable by-product of the growth of the
economy, nor doss it irply ary Judgment as 'to thelr necessity or de-
sirability. It simply acknowledges that this earrpo:ient of GNP growth,
whatever 1ts causes and consequences, does not ente.r wia normal eco-

nomic processes into the consumption satiafactions of Louseholds.
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 We recognize that our prorosal -is controvérsia.‘. on conceptual
and theorstice) grounds and thet many of the rumerical exredients
in its execution are dublous, Hevertheless, the challenge to
econorists to rroduce relevant welfare-orlented neasurec seems
compelling enough to justify same risk-taking. ‘We hopé that others
will be challerged, or provoked, to tackle the problem with different
asswurtions, more refined procedures, and better data. e “ope also
that further investigations will be concerned with the distribution,
as well as the mean value, of a measure of economic welfare, an as-
pecﬁ we have not been eble to consider.

In the remeining sections of this aprendix we explain the detells
of the calculations presented in text Table 1. Section 1 concerns
reclessification of expenditures reported in national income accounté
to obtain a ﬁore canpfehensive concept qf consumption. This reclassi-
fication implies some adjustments in the capital accounts, ;resented in
section 2, In section 3 we describe our imputations for consumption
yielcied by nomrket activities , and in section 4 our adjustments for
the disamenities of urban growth. Section 5 describes the final es-

timates, and section 6 conteins some discussion of their relisbility.

A.l. Reclassification of Final Zxpenditures

A.l.1l. deernment purchases

In the United States Income and Product Accounts, government pur-
chases of goods amdl services are counted as final output amd are not classified

85 consumption and investment. For our purposes, wa need to classify
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Defense expenditures have no direct value in household con-
sumption. No réasonable nation purchases defense beczuse its ser-
vices are desired per se. The product of defense outlays is pational
security but it is clearly not true that -our security has :Lﬁcrea.sed
as the outlays rose a hundredfold fron- 1929 to 1965. Changes in
international relations and in military technology have vastly mul-
tiplied the costs of providing a given level of security. Just as
we count the fruits of sclentific progress, ‘mna.ger:la]'. improvement,
and mineral discovery vhen they ﬁke it easier for the nation to
wrest its living from the environmsnt, so we must count the results
of deterioration in the nation's economic or political epvironment.
This procedure does not bh.ne the economy for unfavorable inter-
national political events any more than recording a reduction in
food crops due to bc.d'.w‘uther or a plague of -16custs means that the
agricultural econmiy has become any less efficient.

The final category, "intermediate goods and services” is clearest
vhen the government is providing direct services or materials to
business enterprises. It also includes noﬁ diffuse instrumental out-
lays: the costs of maintaining & sanitary snd safe matural and social
environment. There is no sharp dividing line between intermsdiate |
overhead lxppxﬂimr.l and x-.gro'tta.blu. “Police protection, for ex-

ample, might fall under either category.
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-Adte? Frivate Purchases,

We have £ls50 rede some reclassifications of private expenditures:
(a..) Personal husiness evrenses and one-fifth of perscnal tmansporta-
tion expenses (an estimate of the fraction devoted to. commitation)
are rubtracted from conswmption and regarded as intermediate or in-
strumntal (Teble A-16, line 2),  (b) Educational and medical out-
lays are regarded as gross investments (Table:A-16, 1ine 1) ,
(¢) AlL outlays for consumer durables, rot just purchases of residences,
are treated as investments (Teble A-16, line 3), {4) Im;;utations are

made for those services of consumer capital that are directiy consumsd

(Teble A-15, 1line5 ); these are described in section A.2.

A.2. Adlustments for Caoital.

Conventional national income accounting limits investment to domestic
business invectment and residen_tia..l coﬁstruction. Eéoncx.;ists have come to
Inclue a mch wider group of expenditures In this category. Table A-2
glves a list of the conventional i‘bems and those added for sur nresent
purposes, for the year 1958,

Te three important accounting problems Iintroduced by this treatment
of capital are (a) calculation of the net stock of wealth; (b) calculs-
tion of imputed services from capital to be added to consumption; (c) deconﬁ)o-
sition of g:f-oss investment into capital conswiption and net investment o

calculate sustainable MEW,
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TABLE A-l1. Reclassiflecation of Government Purchases
of Goods and Services,

[Billions of dollars, 1958 prices]

Item 1929 1935 1945 1947 195k 1958 1965

1. Public Con-

sumption 0.3 0.3 0. 0.5 0.5 - 0.8 l.2
2. Public Invest- .

ment, Gross 15.0 19.% ~ 9.7 18.6 3.6 37.0 50,3
3, Regfettables 1.7 2.0 139.7 lh;h kgl L. 4 47.6
b, Intermediate

Goods and )

Services 5.0 5.h 8.6 6.4 8.4 10.0 15.6

5. TOTAL GOVthment
Consumption and
Investment 15.3 19.6 10.1 °'19.1 3.1 57.8 5.5

" 6. TOTAL Government . :
Purchases 22.0 27.0 156.b 3.9 88.9 9gk.2 114.,7

Notea: DBased on current dollar figures for federal and state and local pur-
chases of goods and services, NIP, Table 3,10, deflated by government
purchases deflator, Table 8.1. Line 6 1s also line 20 of NIP Table 1.2.

1. Consumption: postal service (line 52)
recreation (line 61)

2, Investment: one half atomic energy development (line h)
education (line 16)
health and hospitals (1line 21)
commerce, transportation, & housing (line 39)
conservation and development of resources (line 60)
agricul tura (lina 5&)

3. Regrettables: national defense {lire 2) less one half
atomic enargy development (line &)
space research and technology (line 6)
international affairs & finance {line 13)
veterans benefits and services {line 33)

k, Intermediate: everything else, including
general government (line 7)
sanitation {line 22)
civilian safety (line 28)

For yeafl prior to 1954, NIP Teble 3.10 is not availadle and the breskdowns
vere based on sstimates by broed expenditure category.



TATLE A-2., Items of Cross Investment, 1958

(Billions of dollars and percent]

Item
Conventional items: Investment Percent of Total
1. Rusiness Investment 10.1 _ 25.4%
2. Residential Construction 20,8 13.2
New 1ltens: .
%e aovernment Investment >7.0 23.5
L. Consumer Durables o 37.9 - 2k.0
5. Other Consumer Investments 19.6 2.4
fe et Foreign Investment 2.2 1.k
Total 157.6 100.0%
Source:

line 1, NIP Table 1.2, line 8-line 1k

1ine 2, NIP, Table 1.2, line 11

‘iine 3, Table A-1 above, line 2

line 4, NIP, Table 1.2, line 3

1ine 5, HIP Table 2. 5, lines 42 plus 93, less 4k,

line 6, NIP Table 1.2, line /

A.2,1, HNet Stock of Wealth.

Most of the figures for components of wealth have been gathered from
other-sources., They are shown in Table A-3. 'The figures for Educational
Capital and Health Capital have been constructed in part by us.

The estimateg of tangible capital, reproducible a.nd. nonreproducible,

are from Goldsmith and Kendr:ick.y

Y/« John Kendrick; Productivity Trends in the United States, Princeton
for NBER, 1961.
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Capital T65.6 -

_AB“ A- « iiet Stock of Wealth, Public ani Private
[Billions of dollars, 1958 prrices]
Iten 1529 1535 1945 1947 195k 1958 . 1965
1. ket Fepro-
' ducible

Th2,3  B832.5  895.3  1186.6  136T7.5  1676.0

lNonRepro-

ducible ) .

Capital %/ 299.0  276.1  25.9  262.2 299.9  325.4 392.4
Educational : :
" Capital 1.2 120.2 ©  253.2 269,0 Uh7,2 581.6 879.4
Health Te2 28.7 b5 k9.5 - Th.8 89.5 121.2
Total 1163.,0 1167.} 1376.1  1476.0 2008,5 | 237h.1 3069.2
Sources:

Lines (1) and (2) Cor 1929 to 1958 from Raymond Goldsmith, National

Wealth of the United States in the Postwar Period, Princeton University

Press, 1962, Tables A-l, A-2 and A-16. The value for 1965 18 from

John Kendrick's estimates presented in Statistical Abstract of the 1. S,,

1967, Tables 492 and 4G4, Figures for 1935 and 1965 are linear interpolations.

Line (3) 1is described in text,

Line (4) 1s deflated Health Expenditures, public and private, cumlated with
an sssumption of an exponential depreclation rate of 20 percent ver annunm,
Public health expendltures ars= given in NIP table 3.10, line 21; priva.‘be

in NIP table 2.5, line 42.

a) Nonreproducible capital covers five categories, listed below with their rela-

tive importance in 1958.

Share of Total Value of
_Nonrsproducible Assets,

Ttem 1958 [percent]
Agricultural land 30,2
Residential Land 18.1
Nonresidential Land ' 32.2
Public Land ) 12.2
Net Foreign Assets 1.3

Total 10C.0
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The daia on nonreproducible wealth are dubicus. In principle,
the increased value in constant prices of nanreproduéible assets
comes primarily through upgrading land from agricultural to non-
agricultural usen.y In practice, given the pature of the estimates ’
some of the recorded increase may be due to improper deflation.

The value of cducational cupiﬁl is based on T. Schultz's es-
timates of ithe cost per pupil of attained educmtion, valued at 1956
costs of each level of education. This assumes no technologieal
change in education. We preferred to treat education in'a sﬁmr
wvay to other forms of wealth and to value it at replacement cost at
constant prices rather than at coustant 1956 costs. We therefore used
Machlup?'s urin of aversge cost per pupil ‘to get an ind.ex of cost per
pupil in copstant prices. We then recaloulated Schultz's figures t5
obtain the value of sducstional capital per -ﬁher of the labor foree.?j

The value of hesalth capital was constructed by .cmlating deflated
public and private medical health, and hospitsl expenditures. These

were cumilated sssuning exponential depreciation at 20 percent per annua.

A.,2.2. Bervices from Wealth.

Having shifted some public and privats expendftures from con-
suxption to iovestment, wve must imputs consumption of servicees of those
types of capiﬁl vhose yield does mt-&e the form of explicit factor
earnings. Buch imputations ars mede in the pmational accounts cnly for

ovner-occupied housing.

1/. See Raymond W. Goldsmith, The National Wealth of the United States in
the Postwar Period, Princeton for LBER, 1962, p. 48, n. 2.

2/. Data are from Theodore Schultz, "Education end Economic Growth," in
Social Forces Influencing American Edueation, N. B. Henry, ed., Chicago:
196l; Fritz Machlup, the rroduction and Distribution of Knowledge in
the United States, Princeton, Princeton Unlversity rress, 1962,
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For both consuner dulm'a.ble expendlitures and govemneht struc-
tures (excif.uding military), Juster has prevared estimates of capitel’
lewicei.}i We have used his entimates for servicrs and these are
presented in Table A-k. It should be noted that this Lrputation is
not entirely apijropria;te pince some of the imputed output is Znter-
madinte (tha.t 15, used by busineés). On the other hand, his assumed
f‘tea of return seem quite low and this low estimate nﬁy offaet the
erronsous inclusion of some intsrmediats product.

We do not impute any conswiption services to health or educaticral
- capital. To the extent that health and educetion expenditures lead to
higher productivity, there is no need for further imputation. We make
the admittedly extreme assumption that no direct gains in satisfaction
are produced_ by these categories of wealth., Since they have been growlng
faster than the other sfocks', our assumption mey leal to understatement

af the corowth of welfare,

}/ . F. Thomas Juster, Household Capital Formetion and Its Financing,
1897-1962, National Bureau of Economic Research, 1966, Arpendix B.




TABLE A-h., Ieputed Services from Consuner Durables

Irmputed Net BEntal
Consuner

Governoent

Capital Conswmtotion

Consuner
Government

Total Services

Consumer Services
Government Services

Total Services

Source: Figures in current prices are fram Juster, op. cit., Appendix B,

1929

3.6
Oult

6.2

1.5

1.7

2k.9
h.e

29.7

and Civilisn Government Structures

[R111ions of dollars)
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1965

1935  19hs  19k7  1o9sh- 19298
Current Prices |
1.9 3.5 5.6  10.6 13.9 23,7
0.5 1.8 2.8 3.8 5.0 6.3
k.2 7.9 12.2 21.7 26.9 4,9
1.7 2.8 3.9 6kt 9.0 11.8
8.5 16,0 24,5 k2,5  sh,3 86,2
1228 Prices
17.8 22.1 26.7 37.2 o8B . 62,3
6.4 8.9 10.0 1.7 14,0 16.6
oh,2 31,1 36.7 49.0 54.8  78.9

Teble=s B-2 mand B«4. The constant price series is obtained by dividing
by the deflator for fixed investment. '

The figures for 1965 were extrapolated from 1962 using data on
purchases and depreciation of consumer durables.
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(A.2.3. Capital Consumption and Net Iﬁvestnent.

In Table A-5 we show first in lines 1, 6, and 7 the national
aeéaunts figures for gross investment, ca.p-itl.l consunption, and net
investment. For our MEW we have, as explained above, broedensd the
concepts of capltal and investment. Lines 5, 8, and 9 give estimates
for the MEW éoncepts of gross investment, capital comnsumpiion, and
change in capital stock. Capital consumption, line 8, 1s estimated
from the wealth data ‘'of Table A-3 above.

In addition, we have estimated & nev concept of net investment,
_called "met MEW investment.” This is the smount of investment to be
added to mctual MEW to obtain sustainable MEW. Zero net MEW invest-
msnt corresponds to that gross investment vhich '-rould. keep per caplta
consumption groiring a£ the rate of technologicd progress. In the
standard neoclassical growth model, with labor-sugsenting technical
progress and a conatant rate of labor force participation, this 1is
also the @u_inv‘aahent necessary to maintain e constant ratio of
ctpi.tu.l to the effective or mgne'n'bed. labor force and a constant ratio of
capital to output. The conventic;nnl net investment needed for this
purpose we call the growth requirement (Table A-5, line 10).

Net MEW investment {line 11) is change in capital stock less the

growth requiremsnt.
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TARLS A-5. Gross and Net Investment in Hationaml Accounts (NIPA) and in Mpasure of Economic Velfare (1EW)

1929 192 15 1ph7 195% 1958 1965
1« Cross Investment, NIFA Lok 18,0 19,

(85

51.5 59.4 60.9 99.2

7. Governnent Purchases Recla.ssifie«i :
‘ " as Investment for MEW ' 15.0 19.3 9.7 18.6 30.6 37.0 50.3

"3, Consumer Purchases Reclassified
as Investmant for MEW

a) consumer durables 16.7 11.5 12.3 26.2 35.5 27.9 60.9
b) education and heﬂ.lth 6.5 6!5 9.1 10-“’ 15.3 1906 5001
b, Net Foreign Investment, NIFA
m I’Ew ) 105 -100 -508 .-1.2.5 3.0 2.2 ) 6-2
'S, Gross Investment, MEW : 80,1 54,1 1‘69 19,0 1438  157.6  ou6.7
6. Capital Conmmmtion; NIFA 20,0 20,0 21.9 18,3 32.5 8.9 sh.T
7. Net Investment, NIPA | 20.%  .2,0 -2.3 33.2 26.9 22.0 Lk .5
8. Capital Consumption, MEW 9.3 53.h 33.6 - 69.1 67.T 66.2 147.h4
N. Change in Capital Stock, MEW b0.8 0.7 133 k.9 761 9Lk 99.3
10. Growth Requirement, MEW T o, 7  65.8 =5.4 63.1 78.9 101.8
11, Net Investment, MEW -5.3 -U6.0  -52.5 55.3 13.0 12.5 -2.5
: ' ol im-
P .2, 1ine 6. 6. NIP Table 1.9, line 2, deflated by fix
Aouroes! tii:: ;: I'L.Dgl?:%;,lli;n 2. vestmnt d.eila.tor, NIP Table 8.1, line 7.
Line e, NIP Table 1.1, line 3, de- 7. Line 1, minus line 6.
flated by the consumption 8. Line 5 minus line 9 .
o mtre’ inss 42 pl lg : m tﬁc::af:rmizz 1: tggg‘ng]e’} :.r; 5{'»0
.. NIP Table 2.5, lines 42 plus 10. - ,
Line 3b 93 lesa b, all deflatsd by’ ke:g ugiﬂig t;::d got:th of labor forces amd
: tion deflator, NIP productiv . _
:;:;.zmg.lfnu;c 2. 11, Line 8 minus line 10, or line 5 minus (line 9 +
Line 4. NIP Twble 1.2, line 17. line 10). |

Line 5. Sum of lines 1-k.
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Ir NN? 1is ;. desirable measure of-socia.l income in a stationary
economy, | sustainable MEW is & npatursl amlogﬁe for a growing
ecouony.y Indeed, in the special case of zero population growth
tnd no technological change, sustainable MEW and NNP are _:I.dentica.l.
NNP, 1t will be recalled, is the amount of consumption that leaves the
capital stock "intact.” The resson for keeping 'ca.Eitai intact in a
stationary economy is that the same amount of consumption, in aggregate and

per capita, will be available in future years. The reason for keeping

the capital-output retic intact in a growing economy is that per capita
consumption will grow at the rate of tachnologicsl progrea-s.

An alte:ﬁ;.tive concept of socisl income would be sustainable per
capita comsumption, which will be larger than sustainable MEW when
there is technological progress. Per capita consumption can be sus-
tained by technological advence even while the capital-ocutput
and capital-labor ratis stesdily decline. With a production function
that allows factor substitution, today's consumption standard could
eventually be produced with a cepital-labor ratio asymptotically
approkching zero. During this process the merginal productivity of
capital would steadily rise. Qur proposed measure of social income
18 more austere and, we believe, more consonant with revealed sociml
preference. We do not observe current generntions consuming capital
on the grounds that their succe.ssors will reap the benefits of tech-
nological progreur.' |

A guiding principle for a definition of social income 1is the

following. The social income is that amount of consumption that is

"1/. Bee P. A. Samuelson, "The Evaluation of 'Social Income'," in Lutz
" and Hague, editors, The Theory of Capital, London: Macmillan, 1961.
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consistent with the social valuation of investmeﬁt gt its curfqg; oppor-
 tunity cost in terms of consumption. The social value of giving up
an extra dollar of current consumptioan in favor of cﬁpital accumu -~
lation is the sum of the resulting increments to future consumption,
each discounted by the appropriate socisl discount rate. When this
value exceeds & dollar, investment is less than optimel and con-
sumption should be reduced,-unti; lovered capital yield and in-
creased social discount rates combine to lowarlthe value of invest-
_'nent to per. Similarly, when the stream of returﬁs from » marginal
dollar of investment sums to less than a dollar, current'inveitment
is. too large;nnd consumption too smell. 'The amount of current con-
'sumption at jhich thé mrginal social vgluc of investing a dollar at
the expense of consumption is precisely a doilar may be regarded as
the social income. It follows that th; optimel amount of MEW net
investment -- defined &s social income less actual consumption -- is
zero. |
ﬂou'ﬁo sustainnble MEW and NNP relate to this principle? Under
what conditions will these be the definitions of social income that
follov from the valuation principle  given above? Sufficlent com-
ditions can be presented formally. Let c(t) be consumption per workar
ot time t and L(t) the size of the work force. We mssume that the
labor roréa is a fixed proportion of the_populntion; therefore c(t) can
elso be regnidﬁd as an index of per caplta consumption. The labor
force L 1s growving exponentially at rate n . Labor-augmenting tech-
nical progress is occurring at rate y , 8o 1.(‘t.)e"t is the effec-
tive iabor force, which is growing at rate g=n + y . Gross output per

worker is o7tf(k) vhere k is the ratio of capital stock to effective
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labor force K/Le’® and k' is the rate of changs of k . Capital
depreciates at the exponent_hl rate § .
The equation relating consumption, output, capital, and invest-

ment &t every moment of time is:
(A.1) e(t) = J(.")[f(k(t)) - (g+8)k(t) . k*(t)]

Consider a feasible and efficient -comumpt;lon Plan: a sequence
¢(t) for t> 0, fessible in the sense thet it is consistent vith
(A.1) given the initial capital stock, k(0) , efficient in the sense
that it would not be posaible to increase say c(t) without diminishing
some other c{t) . We can then ask: What #.s the increase in per capita
comsimption at time @ that can be obtained by a unit reduction of per
capita consumption st time O -- the.preunt ~- keeping the rest of the
plan unchanged? |
Let r(t) = £7(Xt)) - &, the net marginal productivity of capitel
at time ¢ . Since the population is growing exponant;l.a.i]y at rate n ,
the rates that transform per cepits saving and invespnent today into per
capita consumption in the future are r(t) - n ; that is, a unit reduction
of the mfc of per capita consumption at time O will yield an in-
crease of per capita consumption at time © of
exp[f[r(t) - n]qlt] 1f ‘consumption rmtes at all other times before and
3 | .

| ooy
after enremhq.nged.‘

1/. Te rate at which incremental saving at time +t cen increase k ,
the ratio of capital to effective labor, 18 r(t) - g . Over the
interval (0,8) continuous reinvestment of the proceeds of incre-
mental saving at time O will compound the increase in k +to

exp [i[r(t)-g] dt {. The increase of the aggregate capital stock
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1. (Cont*d.) | 6 T
vill then be 1.(0)«»"3e * exp g [r(t)-glat )= L(0) exp[g r(t)dt |.

This increment can be consumed during & emell interval following
time 6 while leaving subsequent values of k(t) at their
original values, eo that the initial consumption plsn can he
executed thereafter. Divided among the population L(0)e2

this gives an increment of per capite consumption of

-
exp L[[r(t)-n]dt] .

If the consumption plan corresponds to & neo-classical growth
equilibrium, k and r  are constants and per capita consumption is growing
at rate 7Y . The marginal trade-off of later for earlier consumption

.(r—n)e

ia and depends only on the intervening time & .

We turn now to the other half of the story, the social valuation
of incremsnts of future consumption yielded by current saving. Suppose
that society's intertemporal preferences, ‘at any current date desig-

nated by O , can be described by a social welfare function

Um tg\x[tr.(‘i:.) le” ptd.t, where u 18 the one-period utility of consumption

and p 1s the constant pure rate of time preference at which utility

418 discounted. Let the one-period utility function be of the form

A+ Bt 5o that mrgimal utility u'(c) = (1-a)Be ™ , where a and
(1-a2)B are positive. Furthermore, the elasticity of marginal utility
with respect to consumption is .u“c/u' = -0 . Holding U constant, the

merginal rate of substitution between per capita consumption rates at
r
u'le(0)]  {c(0) @ pe
emou“,ca -’_E—E-ég-] e » Thus the slope of any in
difference curve between c{68) and c(0) is e~ PO along the 45° ray

and _e(p +ay)e along the ray c{6) = c(o)e”e . BSee Figure A.l.
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Under these assumptions the basic condition that mst be met in order
that the social valuation of imrestmnt_eqﬁal 1ts cost in current consumption is
equality of the two mﬁruuponl substitution rates, the one re-
flecting production possibilities and tho- other social preferoncgu.

They must be equal for every time interval o :
-0 9 -
c(o po .
[c 9] e’ = axp I (r{t)-n)at
0.
For a consimpt:lbn path 4n equilibrium growth at rate y , the condi-
tion reduces to

olp +av)e (r-n)e

This vill be true for all @ ‘prarmoid that p+ Qy = r-n .

If this condition 1s met, as f1lustrated in Figure 1, the path of
sustainable MEW -- per capita consumption groving at rate 7 -- fulfills
the basic principle for defin:ltio;l of socinl mca-.y

In the absence of techmological progress and populatioa growth,
the condition 1is ll:l.:h;ply pmr . ﬁhe path of NNP -- .constsnt per
_caplta and aggregate consumption -- mﬂ.;- the condition that the nat
margiril productivity of capital equal the pure social rate of time

preference.

1/. The result can also be derived by explicitly maximizing U with re-
spect to the k'{t) given x(0) , using (A.1). The first order

conditions are!
(-]

{u' le(v) ]ew{f"[k(f)] - (yb)]e-p(v-*f)dv - ertu'(c(t)) all t>0

Differentiating this with respéct to t gives

At (e(0))e7 Mz (0)-g)e "t = (7-p)e (T P tur(c(t) )+ o7 PN urle(e) Jer (1)

n
Using -a = EE?- we have the general requirement that
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1/. (Cont'd.)

ef{t
r(t) - g= oy +a

An equilibrium growth path will meet this condition if and only

if the constant velue of k that characterizes it producea a
value of r such that

I‘-n-p+G7.

To summarize, socizl income is the amount society can consume
without Bhort-chmging. the future. Thus soéia.l inconﬁ fefers to a
consumption peth along which saving amd invesiment are, according
to socisl valuations of their future yielda, just worth their cost in
current consumption. Under special conditions this path -mey be one
with per capita consumption growing stesdily at the rate of tech-
nological progress, and sustainable MEW 1s then the appropriate measure
of social income. ' I.n‘our economy revealed é‘oc':nl Preference seems to
- support our inference that the consumption plan is one of ever-growing
consumption per capita and our use of social va.iuations that are con-

sistent with steady growth.
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\e3, Irmutation for Sonmarket Activities: Time Jorronents of Consuzotion.

iy s fractian. of a 1ifetine 1is spent ir mainful em;loyment,
but 1t is that fruction alone that shows up in outrut and consurption
as oriinarily measired., Leisure and nonmarxet work grow steadily In
importance, and their omission can.bias downvaid estimates of trenls
of ver capita consurmption. Imoutation of ths -consurption value of
l-eisure and nonmarket work presents severe‘ conceptual la.nd statistical
problems. Since tne megnitules are large, differences in resolution

of these problens make Lig differences in overall MEW estimates,

A.3.). Coneartual Issues,

Confider an individual dividing a fixed endovment n® time R a.1ong
gainful employment W, leisure I, and nonmarket productive activity o
From the earnlings of his empluyment he purchases cousumpition T . Lat

. C c
vy be the real wage, VP the monay waze, and + the 1rice of merket

comswnption goads, all for year % . These prices can be observed. Let

hd
e
n

t

I3 ="

be the nrice of an hour of the consuiption ool lelsure, and »p

the price of an hour's worth of the consumption giod produced hy home
activity., These prices capnotbeobserved, and this is the source of the

' e L _H
problem. Take all base periol prices, Vo For Doy Pos Pos to te one,
<

On the princlple that the individusl can on the margic exchange
leisure or nonmarket activity for market consuwmtion at the money wage

s 'LJ:S , we cen estimate the total money value of his consumption as

c c " 1t
- T Y
vtnfjut + vtpth + VyPyly o But what 414 he get for his mone;r The
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'three camonents of consumption mst be "eflated” by the relevant

C r .
prices p,, pf, pL « Tris gives an expressior for real conswmption
[ [ 't . bl
' c c
VP v, 7
. t L 't
T E Rt T
Py Pg

Since real 'conswnption in time zero is by definition R , the consump-

t:[,on index 1s:

c c
W v, T 2! v b
4 NI kTS 6 S
(A4) “WEtYtF T tTT 3
Py Py

| The basic 1issue is whether the consumption grices of nonmarket ures of
time iave (a) risen with wage rates, or (b) risen wit: the prices nf
mrket consmnpfion goods. On the first assumptlon, an hour not sold on
the marvet.is still an hour, the same in 1935 as 1a 1929. The oaly gains
in consumption that can be credited on this acc’ount are the reductions
in hours of work, On the second asswmpiior, an hour rot soid in the mar-
re%t has _iﬁcreased. in consum;i‘tion value the same as an hour worked, namely
by the increa.sel in the real wmge.

In our numericol estimates below we have calculated three variants:

L

W
_ ; L Y . t
K) Py =pg =V, . Te index (A, 2) is then 1 + (ve-Llg -

T™is is the most conservative alternative,

W, 4+ H
R_.C L ¢ - t " e
B) Ty =Py Py = vypy » The dndex Is L+ (v-l)— .

t

T c
) pi = = Py + The index iz 1 + (vt-l) = vy

(C) 15 the most optimistic alternative,



The essantinl question is whether normarket activiiies have shared
in the *tecihnical progress fhat kac ralsed real wages. IT this prozress
has Bean the-augmenting, not simply wdrk-augmenting, then the op-
tindstic alternative is correch. But if technology ks iacrensed
solely the effectiveness of on-the-job work, the pessimistic alter-
native 1s correct,

The alternatives can be shown diagra}mntically if we coufine our-
selves to two instead of three uses of time. In Figure A.2, the hori-
zontal axis measures lelsure a.nd the vertical axis market consumption,

The line Fono represents the opportunity‘locus in the hase period;

' 1+s slope 1s -1, on the convention that the lLase period real wage

is sraled at unity. The point X, represents the individual's choice,

In périoi t the real wage hasr increased to v the slope of the new

' .1s ,
opportunity 1ocus,\R°Ct , and the selected point i¢ x

t ¥

£ * According

to the pessimistic interpretation, the gain in welfare, measured in
market consumption;, is approximeted by the vertical differance between

the two lines RC, and RC, , measured elther up from x_ or down

-from-"xf . The’individual's time has not iﬁcreased, and he gains from
the higher ree) wege only in the degree that he works.

Tre optimistic Interpretation 1s that technoloéical progress has
avgmented his time, so that in terms of effectlve leisure and consumption

the opportunity locus has shifted cutward to tht « The real wage per

effective hour is unchanged, although it has increesed in terms of natural
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hours. The point Xy 1s, in terms of effective leisure, really x; .

t
The increment in welfare 1= sppraximated hy Uie vertical difference

between the parallel lines ROCO and R,C

4Cy s and Is independent of

the amount of time the individual works in elther periocd.

1
Fis l,tL_b) subject

Forrally, let the individual meximize U(vtwt, h,

to Wt + Ht + L, = R vhere ht and Lt are augmentation.indexes for
. [¥]

household production end leisure, with h° = Lo =1, The first order

conditions are thl - h_‘_‘U‘,2 = LtU = Age

Ir (WO,HO,LO) is the meximizing decision at time zerc and

(w‘b’Ht’L‘t) at time t , vhat is the measure of the change in welfare?

The change in utility can be linearly approximsted as

Ui(vtwt - wo),+ Ué(hth - Ho) + U3(LtLt - Lo)

a [Ui(wt - wo) + Ué(Ht - Ho) + U3(Lt - ;o)]
+ [Ui(vt-l)wt + Ue(ht—l)Ht + Us(ﬁt-l)Lt]

The first of the two terms 1s the subatitution effect, which is approxi-

l_m.'tely zero bacause with Vo ® ho = !'o =1, Ul = U2 = _U5 = lband

Wt + N, + Lt = Wo + Ho + Lo = B . The second term is the income effect,

t

the gain in u‘b:L'Litjr we seek. Dividing by Ul s, we convert the utility

gain into its equivalent in market consumption:

(vt—l)wt + (ht-l)Ht + (Lt-l)Lt

1/. We have assumed that work does not enter directly into the utility
function. We do not consider complications that may arise if work is
a direct Source of satisfaction or pain, Ror do we see any way to
measure the marginal utility of work.
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B:pre;ne'i n3 a8 ratio of bace reriod consumption R , this gives the

results cited atove: (A) if hy =t =1, (B) 1f h, =v,,L, =1,

t

(C) 1 = =4, =V

t t°

Koweriiet Activisy. Housevork fs not direcﬂ.)' productive of
natisfection, + rather yields & range of end-products (meals, healthy
chﬂ.d.rgn, gardens, etc.). Given the increase in household
equipment and consumer durables, 1t would be ;su.'rprising 1f nonmerket
activitles 41d not share in at least pé.rt of the advances. in technélogies
that havr mised productivity in the market economy.

The proper deflatinn of housework would be a base-weighted
nrice r;E the bumle of ﬁame-;roduced services, Ir thé absence of
such an i:nle;*:, tha closect measure is the deflator for the service com-
imnen‘b -of consunption exnendltures in Athe na.’;iona]‘_ accounts. This is
compared with the 4otal .consu:.xption deflator and the wage index: in

Table A-6.

TARLE A-6. Rise in Tree Price Indexes, 1929-19€5

Average Anmual

Tatio: 1965 to 1000 , Growth Rate
Consumntion .
Dalla*or 1.97 1.9
Sosvice Deflator 2.06 2.0
Waze Intex L.55 4,3

Soarce: NIP Tehle 8,7 ani Tnhle A-]1 helow.
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| It is clear that the price deflators for services end for
consurmution as a whole moved together aver this reriod, while the wage ‘
index rose nore than twice as fast. 'Ihbl_e A-T glves the g‘oﬁ.h'of
price inlexes for Limmortant categorles of consumptior related to

housework,

TARLE A-7, Rise in Prices for Various Household Services, 1226-1945

Average Anmial

Retio: 19h5 to 1029 Growth Pate
Transportation 2.12 2.1%
Cleaning 2,06 2.0
Domestic Service ' . 3,309 3h
Rarbershops : 2.0% . 3.1
Medical Care 2471 2.8
Purchased Meals & Beverages 2.35 | 2.4

Source: NIP Table 8.6, Note that the index of domestic service is an
index of costs rather than a proper cutput price index.
Lelsure poses a deeper problem. To the éxtent that time itself
- 1s the final good -- daydreaﬁng, lounging, resting -- then the conser-
syative interpretation is 1ndiéa.ted. But if laisure time 1s one among
several inputs into a consumption process, then it may well have been
augnented by techrnological progress erbaiied in the 'comlemen'bary

inputs -- television, boats, cars, sports equipment, etc.



A,3.2. Messurement.

We are not aware of any reasonably comprehensive estimetes of the use

of time over iie period 1929 to 1965,

Data. on the average workweek are

available and are used below. Table A-8 gives the results of a large

sarple survey conducted in 1954, We are doubtful about its reliability,

hut .a.t present we have no cholece but to base our estimates on this survey.

Ttem Men
Work 6.0
Cost of Work Tk
Personal. care 0.6
Housework 2.2.
Leisure 6.8

TARLE A-8. Use of Time, 1954.

[Average hours ner day, between f a.m. to 11 p.m.]

Women

1.5
0.7
0.9
6.7
Tel

Source: A Natlonwide Study in Living Habits, cited in de Grazia,

On Time Work and Lelsure.

Note: Leisure includes time at restaurant, tavern; at friend's or
relative's home; in games, sports, church; recreation at home;
reading; and sleep during this 17 hour periocd.



According to this survey lelsure time amounts to about k7.6 hours per
week Tor men and 19.7 hours per week Tor all surveyed women. We will regard
versonal care end cost of work as instrumental meintenance items and excludg them
from consumption. The important ltenm other than leisure is hausewor’f.;
wvhich %akes 45,9 hours a week for women and 15.4 hours per week Tor men.
Table A-9 makes a bre,al:ricwnof‘ the population age 14 and over Y by five

time occupetions for different years.

TARLE A-9, Principal Occupation of Population, 14 and Over, Various Years

(Millions of Persons]

~ Total : Keeping
Population Employed Unermployed House School Other
1929 88.0 . - UT.9 TS 28,1 .0 4,5
1935 95.5 k25 10.6 30,3 6.6 5.5
1945 106.7 643 1.0 7.8 5.8 8.8
1947 ©  208.8 5946 2.4 324 6ot 8.0
_i95h 117.7 63 2.6 33.5 €.3 9.€
1958 123.1 66.5 - L7 3k.2 7.5 10.2

1965 | 137.6 Th.6 3.5 25.6 11,1 12.8

Source: Fconomie Report of the President, 1967, Table B-20 for employed and
unemployed. Other series from U. S. Department of Commerce,
Statistical Abstract, various years; U, S. Department of Cocmmerce,
Historicel Statictics of the U.S. Since series are not alweys
compatible, some adjustments have teen made to link them, For 1922
and 1935, the last three columns are egtimated from date on female
population and employment, school enrollment, and nopulation over
65 years, with the total constrained to equal total population.

}/. Wy do we exclude children under 147 Becanuse the market value of their
time is very low, not because we undervalue the joys of childhood,
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Year

1929
1935

1945

1947
1954
1958
1965

A-31

Table A-10 estimmtes the average hours of leisure and nommarket acti-
for the five groups of the population described in Table A-G. Table

shows the wage rates applicable to each group.

TABLE A-10. Hours of Leisure and Nonmarket Work, Person Over 1k,
[Hours per Week]

Employed & Unemployed Keeping Housg School Qther
L ™ Tot L NM Tot L KNM Tot L KM Tot
9.4 15.h4 54.8 k9,7 46.9 96.6 50 13 65 50 10 60
k5.5 15.k 60.9 k9,7 46,9 96.6 50 13 63 50 1.0 60
k3.1 15.h  58.5 k9.7 6.9 96.6 50 13 63 50 1.0 60
bs.7 15.# 61.1 k9.7 U6.9 96;6 50 13 63 50 10 60
L4T7.6 - 15.b 63.0 k9.7 h6.9 96.6 50 13 63 50 10 60
48.6 15.k  64.0 k9.7 b6.9 96.6 50 13 63 50 10 60
k8.1 15.5 635 k9.7 k6.9 96.6 50 13 63 50 10 60
L = Leisure hours; NM = Nonmarket hours; Tot = Total hours

Source: Hours of leisure are obtained by using the benchmark estimates for
1954 and them making estimates using data on average hours worked for
other years. Thus the aumber of leisure hours for any year is obtained

by subtracting from 47.6 (the number of hours of leisure for 195k4)

the difference in hours between the reference year and 1954, Hours

data from Kendrick, op. cit., Table A-X and A-VI. It is asasuxed that

unemployed vorkers hed the same number of hours of leisure and nom-

market work as employed workers. Further, it is assumed that non-

market activity stayed the same since 1929. Those keeping house were

assuned to have no cksrzs in the total number of hours avallable in

195k (96.6 per week). Arbitrary numbers were chosen for students smd

other persons.
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TAZLE A-11l, "mnufacturing vhre Hate anxd Wace fate for Different

Grouns In Populntion

[Current Dollars Per Hour]

Under 20 Over 65 . Wage Index

Yezr Rmloy=d Unerployed Females Years d  Years O1d (1958=1.00)
- 1929 0.56 0.56 0.34 0.19 0.ko 0.265k4
1935 0.5% 0.5k 0.32 0.18 o?h7 0.2559
1945 1.016 1.016 0.61 0435 0.£9 0.4815
1947 1,217 1.217 0,73 042 1,06 0.5768
195k 1.78 1.78 1.07 0.61 1.55 n.8436
1958 2.11 2.11 .27 0.72 1.84 1,000
1965 2,61 2,61 - 157 0.89 2,28 1.237
Source: Basic wage data from Economnlc Report of President and Historical

Statistics of the U. 5. The basic fipgure is average lLourly earnings

in mamufacturing, which is the only series available back to 1929,
(This differs slightly but not appreciably from the ratio of total
labor income to Kendrick's menhour estimmte). Wage rates for females,
for those in labor force under 20, and for those in labor force over
65 years old are calculated as a fraction of the manufacturing wage
rete (these numbers being 0.58, 0,34, and 0.81). The data used to
calculate the fractions are median income of persons who are year-
round, full-time workers. Thus the ratio of median incomes of fe-
males to males is %,560/7,814 = 0,58, (Data given in U. 5. Departmsnt
of Commerce, Cwrent Population Revorts, Consumer Income, Serisr P-60,
No. 66, December 23, 1669, pe 90.)

Te wage index is constructed from the data for employed workers and
takes 1958 as the base.
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The general problem of valuation of housevork end leiswe tine was
incussal avove. In addition, there are same special problens:

(1) tmemployment: In general, time is to Le velued ai its oppor-

turity cost, the wape rate. Should the unemployed be treated as having
zero wnge? Clearly this 15 not the sroper tremtrment for the rrictionally
or volunterily -wem:)oyed, whose opportunity cost shodd be close to

the riprizet smge rate, On the other hani, during the Grezt D'epression,
most unenployed  persons could noj; have ohtainel vork a-t anywhers nesr
the prevailing wage. Our camromise is to treat the unerployment as
Involuntary ami thus_ a.ssién a zero yprice to .'bhe normel working hours

of the wnemployed. On the other hand, we continue to valte their lelsure

| 3/
time at the going wege.

(2) Kesning house: The majority of those keeping Luuse are women,
And we thh8 chbos& the averafe holrly eafmg& for women as the préper
“valuation, ‘

(3) School: Since those in school are prirﬁzrily unier age 20, we use
t‘né wage ITor that .a.ge group as the proper .wvaluation ol sichool time.

(4} "Other": The finel category ic "other persons,” primerily

retired. ¥For this group, we choose the wnge rate for persons over 45.

y. An alternate Imputation is to value all tire of unermployed woriers
at zero. For the depression year 1939, *this lowers our {inal es-
timnte of MEW (B variant) by %en percent. I+ makes very little
A1 ference Tor movements gver the entire period,
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Finolly in Table A-12 we calculate the total value of leisure,
nonmar-et activity, anl the sun which we call the "ti;%xe (L_ornponent"
of MW, Column (1)} of Table A-12 gives the current doller value of
the tiiree seriss. Tor the reasons given ‘a.bove, two alternative con-
stant dollar velues are calculated forrboth leisure é,nd nonmartet ac-
tivity, one uning the wege rate as deflator, the other using the
concwrmption price index., Column (2) of Tahle A-12 shox;rs the result
1f price deflation 1s used, vhile column (3) shows the result of using
the wmge deflator. |

We feel that price deflation is vrobably superior for non-

merket activity, 'hu:t that for lelsure there 1s no general presurption.

We have, therefore, rroceeded with the three variants shown in El}a.ble.A—]_z.

(A) Variant A It 1s assumed that there has been no technological change
in the time component and defletion is therefore by wage rates.

(B) Veriant B This is a hybrid, in which it is assumed that technological

change has been occurring at the average rate for no rket
activity, but that no technological change has taken ngf'ace

in leisure. For this variant, leisure is d=flated by
the wage index, while nonmarket activity is deflated by
the consumption deflator.

(C) Yariant C It is assumed thet technological :
a2l chanra n, occeurry

the average rate ror Telsure and r?or%r%?ﬁcg Sa.?%f\?ity and o at
both are therefore deflated by the conswmtion defiator,

For nost of our discussion below and in the text, .our preferred

variant is B.



TARLE A-12, Velue of lLeisure arxd Nonmrket Activity

[Biilioas of Dollars]-

A-127g) l'jzisu:a:.} (2) | (3)

| Defleted By DeTlated By

Current “rices Conswrotion Delflator Waze Hates

1925 0.1 © 162.9 35345 |
1635 102.7  p31.x bol.?
1545 217.0 331.8 L59,7
1947 269.3 24545 Y£6.9
195k 1.h Lr7.2 52%.2
1958 554.9 554 .G 55449
1065 T75.5 - 712,68 62649

 A-12(b) Nommarket Activity

12329 L7.h 85.7 178.6
1935 | 18,5 , 10G.2 1P0,5
19hs 99.7 1524 207.L
1047 12h,3 159.6 215.5
1954 195.6 211.5 251,90
1958 229.7 239.7° 259.7
1945 301.b 295 .4 259.8

A-12(c) Totaul, Time Component

1929 A37.5 248.6 518.1
19%5 1.51;2 350.5 530.8
1945 316.7T 48k, 2 | €57.8
1947 393.6 505‘.2 82,4
1954 5370 6R8,.T T55.1
1958 #9&.6 Toh.6 | 7ok .6

1965 1,095.9 1,008,2 8RG. T
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Notas to Teble A-17:

Col (1) commutes “or each group total hours ner weelk times total
~eragri tines routrly wege rate times 52 and suns across all groups.
Date are from Znbles A-G, A-10 end A-ll.

Col (2) deflates col (1) by comsumption deflator.

Col (3) deSlates col (1) by index of wage rate (last colum of
Teble A-11). |
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"AJ4e Dicermentities and Externalities

In rrincirle those social costs of econamic activity that are
rot intermalired as rrivate costs should be subtracted in calewlating
our measures oF ecoﬁmnic welfare, The ‘p;;'ohlems of measurement are
formidable, and we have been able to do very little tovard their solution.

One tvpe of social cost not recorded in the national income ac-
counts is the depletion of ver capita stocks of environmental capital.
Nonapprorriated resources such as water.anl alr are used and vglﬁod as 1if they
vere free, although reduction in the per capita stocks of these re-

. sources dimhlishes sustainable consumption in future. If we had es-
timates of the value of envirormental capital, we could aid them to
the naticnal wealth egtim‘tes of Teble Ae? and modify our caleulations
of MEY net investment accordingly. We have not been able to make this
ad Justment, But given the slze of the other components of wealth, we
do not believe it would be significant.

'Some urrecorded social costs diminish economic welfare directly
mtﬁer than through the dépletion_ of environmental caplital., The dis-
amenities of wrban life came to mind: pollutlon, litter, congestion,
noise, inéecu.rity, buildings and advertisements offensive to taste,
ete, Fallure i;o allow for these negative consumption items overstates
not only the level but very possibly the growth of conswmption. The
fraction of the population exposed 'to-these disamenities haz increased,
ani the disamenities themselves may have become worse.

We have atterpted to measure indirectly the costs of urbanization.

Our measure relies on the assumption that people can still choose resi-
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dentiel locatlons, urban or nomrban, high iénsity or low density,
Individusls and farmilles on the margin of locational decisions will,
we would exnect, require hicher incomes to live In densely nopuleted
cities than in small towns and rural areas. Urban areas do have
higher wmga retes and incomes. We Interpret this Aifferentlal as
the "disamenity premium” compermsating for living in less pleasant
surroudings. Fror the estimmted per caplta income pz‘e:niwr: and the
loce;.tional Alstribution of the population we can comruie an eggregate
correction and ocbserve 1ts changes over time, |
Urben income differentials also reflect, of course, technologleal
proiuctivity edvantages. The uncorrected national accounts claoim all
the gains in productivity associsted with urbanization; .ou.r r:orrection.
removes some of them on the ground that they merely offset dlicamenities,
We would not be justified in cancelling out income differeniisls which are
st11l inducing migration. We have therefore allowed for observed
misration ard ést:'.nated an equilibrium zero-migration differential.--
e havé also atteﬁrp‘bed to standardize for other factors affecting locationzl de-
cision besides density and for other sources of income differences. |
Qur estimmtes are based on e single cross-section, the 1943 census.
Consequently we do not know whether the diramenity premiwn has increa.séd
over time, wg have rimply applied the 1940 premiur to .popula‘tion dis-
tributions 1929-1965.
The unit of nbsarvation 18 the ecounty. It wvas desired to include

sparsely populated areas, and this would not be poscible with ~itles or



atandard metronolitan statistical areas, The tasic dats are fror

the ¥, S, Deporiment of Carmerce City and Gountr Data Roo':, 1960 .

Pegressions were run senarately across the countles in each of four
stater, anx' In three New England states.as a unit, This procedure
wa1 Jolloed hecause we thought that pooling across states and
reglions would introduce additiomal sources of variation in loca-
ticna' decision and income cholce and obscure the density effects
we ere seekins~ to estimete. | .
™e regressions are rerorted in Table A-13%. The depenient ;.rarmvle is the log
of median family income for the county. The relevant coefficients are .

o, 2, amd ¢, , referring to county populetion, density, and percent

of county.population in urba.n arees. The other regression variables
are Iacluied to allov for other sources of income differences. Table
A-14 summrizes the regression results for the population varia_bles
and shows the values used in the MEW calculations carried out in
Teble A-15.

The disemenity adjustment is not 1nsubsté.ntia.li in 1965 it smounts
to about 8 percent of average family disposable income. IS the popula-
tion were campletely urbenized, the adjustment would be ebout ore=third
of Income. 311:‘ the correction as a fraction of income has not risen |
since 1929. Although the population has become more urban and more

dense, incomes have grown relative to the disamenity differential.
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JABLE A%

o
Varizbla 0
(loz of
nadian
Aroa Incoz=a) Constent
Msss, RI, Conn. 7.9y
(17.1)
., 2.857:
(1.8)
New York " 7750
(15.3)
Hirsconsin ) r B LA
(15.7)
Indicna

Preferred Equation for County Regression (Contimed)

B8

log of
Pogpu-
lation

.039%x
(1.89) .

L0933
{.94)

1,010
" (.65)

- 036
(‘1'3)

7.15%% - ,0014

(22.7)

-t = Statfsticas {in porenthesns

* = Significant at 759
*r = Significant at 9G7,

TRy = Significant st €97 ’

. confidence level

confidence Yevel
conf'idence level

(.06)

<2

log of

Denocity

-.020%
(.92)

~.087%

(1.2)

035
© (2.93)

. 0 g 1”"‘“‘"
(3.1)

. 0653
(2.7)

ok

lilgra-
tation
Ratn

,00045
(.24)

-.00079

_ (-.58?

.00127%%%

(.25)

00295 -

. (2.6)

.0017%.7x

(2.4)

¢
loz of %
UrLan
Popu-
latioa

.0595%
(.93)

-.073%

(1.5)

. .035%
(1.3) -

L0355
(3.1)

.01733%

(1.7)

s
Popu-

letion
Hegro

- .0039
(-1.0)

-.031%
(1.0)

- O11#a

.(2.9)

_ -.010
(0.6) ©

- . 00725

(1.5)‘

C’ ct
s lo; of
Popu- Median
lation years of
over 65 Schooling
-.017 182
(.021) (. 73)
-.03 1% 1. 867
- '011** .. SOk
(1.9)  (3.0)
- .020""-::.-".: -383'—?’-'{“.'.'
2.7y (2.5
-.020=w% L1225
(4.6) . (6.6)
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TABLE A-1h, Disamenity Estimates,

Total Jrbanization

Ares : ' Population Effect Effect
%+ & %
Mass, RI, Cona. 019 059
N.M, .006 -.073
New York 045 +035
Wisconsin L05% 035
Indiana .06k 017
Valuss used in
E:ﬁtj"ﬂ&:g
‘Flasticity of
income with ,
respect to: 086 .Ob
Disamenity per
unit change of income _
1958 prices: 1.75 &/ 3.75 ¥/

Y The coefficient is $1.75 of average household income {1958 prices) per
one million of population. This is derived as 1.75 = .06 (5421/180.7) (1.0/1.029),
where 5421 = median femily imccme in the sample states, 180.7 1s population of
U, S. in =millioms, 1.0 and 1.029 are consumer deflators for 1958 amd 1960, res-
pectively. : ‘ ‘

B/ The coefficient for ubrbanization is $3.75 of average household income
r percentzge poiat rise in eversge urbanization. This is derived as 3.75 = .0k
f;hal/56.2)‘?l.0/1.029), vhare 56.2 is aversge urbanization and all other figures
are described in 5/ abovs.



FIGURE A-3: MOVEMRNTS (N P2 CAPMTA. uP Akh,
AND  PER CAPITA SuSTANABLE Mgw  1924- 65
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A5 Istirntes of VEW,

" Wa now assemble the carponents of (EW in Table A-1F, which is
t:-ze. sary as tert Table 1. We also show in Table A-IT e reconciliation
of ¥ZW end GNP, Table A-18 shows glow‘t:.n rates of WNP and of the
three varisnts of MEW . These four series are plotted in Figure A.3.

MEW looks guite different from NNF, It 1s roughly twice as large.
Qur rreferred varlant of MEW® -- varient B, which deMates nonrerket
activity by the consumption price index and leisure by 1;.he wage rate -«
has grown somewhat more slowly than NN‘P,‘ 2,5 percep % per anmum com-
pared with 3.0 percent. .The more 0ptimistic.; verisnt C has risen faster
than MNP, Even the most conservative e.stim'be of MEW , variant A,
shows progress, though only at a rate of 0.5 percent per year.

The modifications of the national cccounts which meke the most.-
difference are the omissions of regrettables and the irmmutations for
leisure and nonmarket work, | |

The net MEW investment rate was negative before the second world
war and mainly positive since. Since 1945 sustainable MEW has, in the
min, exceeded actual MEW, We have been investing enough to move the

econany to a higher consumption path.



TATLT A-l5, 'easures of Eeonomie Welfare, Actual and Sustainalle

[billions of dollars, 1956 prices)

1958

A-BT

1729 1935 1945 1947 193k 1355
1. Personal Cousurpilon,
HIFA 139.6  125.5 133,0 206.3 2557 230,11 3577
‘2. Irivate Instrumertal
' Exvenlitires -10.3  -9.2 -9,2 -10.9  -l€.4 -19.9  -30.2
3. Durable Goods .
Purchases -16.T -11.5 -12,3 -?6. 2 =355 =379 -60,9
L. Other “ousehold ' "
I_’:l?es'tment "'6. 5 -6- 5 -90 1 -loo 1" -15-3 ‘190 6 - 30. 1
5. Services of Con-
sumer Capital
Imputation 2.9 17.8 22.1 20T 37.2 40.8 62,3
6. - Imputetion for :
Ledsure B 339.5 boL.3  450.7 4669 5232 55h.9 6269
A 339,5 LOL.3 k50,7 L&6.9 523.2 554,90 620.9
¢ 162.9 2313  33L.8  345.6  L477.2 5549 712.8
‘e .Imputation for '
Nonmerket 7 .
Activities B 85.7 109.2  152.%  159.6  211.5  239.7 205, 4
A 178.6 189.5 207.1  215.5  231..9 33,7  259.8
¢ 85.7 109.2 152,k © 159.6  211.5  239.7  295.%
8. Disamenity ’ .
Correction -12,5 <1k, -18.1 -19.1 24,3 -27.6 -34.6
9. Government ‘
Conswrmption .3 3 A .5 5 .8 1.2
10. Services of
Governmert 7
_ Capital - - .
© " Imputation 4.8 6ol 8.9 10.0 11.7 4.0 16.6
11. -Total Conswmption - |
= Actusl MEW B 548.8 619.h  768.8 803.h4 9l8.3 1035.3 1243.6
A 6hL.7 699.7 823.5° 859.3  968.7 1035.3 1208.0
c 372.2 Mgk 649.9 682.1 902.3 1035.3 1329.5
1z, VEW Net
Irlv'estﬂent -5.5 -h6.0 "'5205 55.5 1500 12. 5 -2-5
13, Sustalnable '
O SuTealmdl® B sus.s s73 TI6.3  858.7  961.3 1.8 12bL.l
A 63%.h% 653.7 TTi.0 91k.6  981.7 1047.8  1205.5
366.9 403.b 597.k 374 915.3 10k7.8 1327.0
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TABLE A-16. (Continued)

[billions of dollars, 1958 prices]

1929 1935 1645 1947 1954 1958 1595 .
1k, Porulation 121.8  127.3 140.5 14k, 7 163.0° 17h.9 - 194.6

15. Actusl ITW
per capiia

(doliars) B L5056 L4866 sh72 5552 5818 5919 - 6391
5268 5496 5861 5938 5943 5919 6208
C 3056 3530 4626 Yk 5536 5919 - 68%2

16. Per Capita

EWa,In:lex .
1929 = 100 B 100.0 108.0 121.4 12%.2 129,1 131.h  1h1.8

A 100.0 104.3 111.3 112.7 112.8 112.% 117.8
C 100.0 115.5 151.h 154.3 181.2 193.7 223.6
17. Sastainable |

HEW por capita :
(dollars) B uh62  L504 5098 5934 5898 5991 6378

A 5225 51235 5488 6321 6023 2991 6195
C 3012 ° 3169 k252 5096 5615 5991 6819

18. Per Capita

MEHB,IMex '
1529 = 100 B 100.0 100.9 11hk.3 133,00 132.2° 134.3 1k2.9

A 100.0 98.3% 105.0 121.0 115.3 11k.7 118.6
C 100.0 105.2 1k1.2 169.2 186.4 198.9 226.4
19. Per capitn -

kP -
Dollars 1945 1205 201 2038 2305 2335 2897

1529 = 100  100.0  78.0  155.h  131.9  149.2  151.1 187.5

Sources:

Line 1. MNIP, Table 1.2, line 2.
Line 2. NIP, Table 2.5, Yine 52 (personal business) plus one fifth of line 60
(trencportation), deflated by consumptiion deflator, NIP Table 8.1, line 2.

Line 3. NIP, Table 1.1, line 3 derflatsd by consumption deflator, NIP Teble 8.1, lime 2.

Line 4. NIP, Table 2.5, lines 42 plus 935 less 4k, all deflated by conswption de-
flator, NIP, Table 8.1, line 2.

Line 5. Table A-&4.

Line 6. Table A-12a: B coluxn 3, A columm 3, C cclum 2.

Line 7. Tzble A-12b: B colum 2, A colwen 3, C colum 2.

Line 8. Table A-15.

Line 9. Thble A-1, lina 1.
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Sources: {Continued)
Line 1C. Table A-k..
Lize 11, Sum of lines 1-10.
Line 12. Table A-5, line 11.
Line 13. Line 10 plus line 11.
Line 1L. Economic Report of the President, 1971, Table C-21, P 221.
Line 15. Line 11 divided by line 14,
Line 17. Line 13 divided by line 1k,
Lizne 19. NP (NIP,Tmble 1.9) divided by (GNP deflator (NIP, Tmble 8.1)

times population {Table A-15, line &).
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5

Sourees: Lire

Lina
Tine
Line
Iine
Line
Tidea
Lixe
Line
Line
Line
Line

TABLE A-17. Gross lationsl Product and MEW

[billions of dollars, 1958 prices]

1029
Groes imntinnal Froduct 203.6
Capital ‘onswmiion, NIFA -20, 0
Net ilatiownl Produet, NIPA 183.6
NIFA Fira' Outyut Reclassified
an Regrettables 2 Intermedistes
a) Covrermment -6.7
») Private -10,3%
Imutations for’ items: not nelwled
In NITA:
a) Ielsure 339.5
b) Nonmarket Actlylty B85.7
¢) Disam:ultles -12.5
d) Seivices of pubiic % private
rapltal 29,7
AAdltional Caplial Consumption -10. 3
crowth Requirement -11-6.]T
Sustainable MW 543.6

1, NIP, table 1.2, line 1.

2, Table A-5, line 6,

3, Idne 1, mimis line 2.

ha, Tatle A-1, line 3 plus 1line 4,
Yb, tle A-15, line 2,

Sa,'Teble A-1G, line 6,

°%,"avle A-16, line 7,

Se,finhle A-14, 1ine 3.

5d,Tuble A=k,

6, Table A-5, lie 9 mimus line 6.

Ty Tnlle A-5, line 10,

8, Sun of lines 3-7, equal to Tahle A-16,

1935
169.5
-20.0
1ha.5

=3.2

L0L.3

10G,2
=14.1

33k

-h6.7
575.4

1915

35542
=219

333.3

-146.3%
-9,2

450.7
152.4
-18.1

31.0
-1L 7
-65.8

T16.3 .

line 13.

lghI
309.9
-18.3
201, 6

-20.8
-10,9

166.9
159.6
-19.1

36.7
-50.8
+5.4
858.6

195%
4ho7.0
-32.5
374.5

-57.8

~16.h

52%.2
211.5
~24.3

L& 9
-35.2
-63.1
961.3

1058

Lh7,3
-38.9
Lo8.4

-56.4
-19.9

554.9
239.7
-27.6

54,8
-27.3
-78.9

1047, 7

1065
517.8

...51;.. T
563.1

-63.2
-30.9

0.6, )
295. 4
-}ho6

78.9
-9
-101.8
12h1.1
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TARTE A-19. Rates of Growth of Di7'crent easies

[Average compound growth rmtie, nercent per earl

1929-47 1947-65 1929-65

Total:
NP 2,6 345 Bl
MIW-A 2.2 1.6 1.9’
MEW-T 2.8 | e.o‘ 2.4
MEW-C k.0 %3 2,5
Per Canita:
NNP 1.4 2..0 1.7
MEW-A 1,2 0.0 0.6
MEW-3 1.7 045 1.1
MEW-C 2.3 1.6 2.3
Populstion 0.96 1.65 1.30

Source: Tables A-16 and A-1T.
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AJO Falipbit it of the Estimtes,
o]

In patioral accounting, reliability cannot be calculated like
statirtical samlirg error but only Judged, for the zost part sub-
Jectively, by those famlliar with the date and the aljuctments made
in them, We bave attemnted to estimpte very roughly the reliability
of our measure of MEW and of its components, These judgments are
presentaed In Table A-19.

We have used as e benchmerk the reliabllity of the Gross Na.fionﬁl
Product estimates, which we call (for reference) Low Ehr'ror.l-/ An item
with’"Medium Error"” is one witiz percentage error we Teel to be about
order of twice the percentage error of the GNP. High error is
about . five times the percentage error of GNP. "ery high error”
is B.bc’ut' ten tires :thg percentage error of GNP,

The sources of unreliability lie both in the data (especially in
the case of the time componenis of M=W) and in the concepts used (such
a8 the proper deflator for leisure or the proper regression for calcu-
lating the disamenity premium). There are no independent estimmtes of
corpargble 'totnls, as is sometimes the case in the income and product
a:ccou.nts. Totals, therefore, have all the unreliabilities that their
camonents in cm‘binatioﬁ contribute,

We mist in all candor recognize that in moving away from the con-
ventional accounting f'mm?zwork, we rmust accept sizable losses in the

precision of the estimates,

1/. Although mo official estirnte of the unreliability of iNP exiets:in
the Unitcd Siates, the officinl esti-ate in the U. K. ip that three
percentagy points eitber vay inecluldes & S0 percent confildence in-

terval. (Sce Central Statistical Qffice, Kational Accounts Statistics,

Sources ardi !'ythols, editcd by Rita lauwrice, pp. 42, 52), Sue Central
Stalistical Gilice, London, 19G9.
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TARLE A-10. Reliability of ire Estimater of VEW

Jten

Tonswrrtion Experditures in
National A~counts

Corrections for:

Instumental Expenditures
Capital Conswygtion
Srowth Requirement
MEW Net Investnent

Irputations for:

Capital Services

Leisure |

Nonmarket Activity.
: Dizamenity

- Tolals:

GNF

MEW, excluding time cmﬁ;:onent

. MEW, with time component .

Source: Authors' judgment.

Relighilit:
Lo Error
Medlum Error
Higkh Error

digh lrror

Very High Error

vigh Error
Very Iigh Frror
Very Iigh Irror

Very Figh Erro-

wow Error
ediwn Error

High Error
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APFENDIX B, Naturel EFecoirces

B.l. The Role of Natural Hesources in Eccnomie Growth.

In this appendix we consider the irmportance of nstural resources
in measured econondc growth. In comparison with the usual neo-clessical
growth model, the laws of production are more complex., There me not
simoly constant returns to scale in capital and lsbor. The easiest way
to viev the problem is to assume a constant-returns-to-scale aggregate

production function of the form

(B.1) Y = F(AK, AL, AR)

where Y d1s output, and K, L,” and R "are the services from capital, labor,
and natural fesmzrces, respectively. All technological change is assumed

to be factor augmenting, and Ai :Ls the augmentation level of factor 1 .

In general, resources might be renewable ard augmentable like capital,
or exhaustible like stocks of minernls. But we shall confine ourselves
to the case typified by "land," where the stock is constant -- neither
sugnentable or destructible --&8 the éervices are proportional to the stock.

We can take the logarithmic derivative of (1) to obtain:
(B.2) Y=g (A +K)+E (A + L)+ Ep(A; + R)
where hats over va.riabla_a represent rroportional rates of growth end £ n

is the eza.sticity' of output with respect to fretor i.



-2 -

Since our main interest is the movement of per canite quantities,
ve define y as per capita incame Y/L , k as capital ver head «/L ,

and r eos land per heed, R/L . From (2) we derive

- 1)L

= - = £ - £ - € =
y=Y-La=A+ (K- LK+ (R LY + (g +Sp+ 73

’ ~ A » A '
vhere A=Af +AS +AL .
On the assumption of constant returns to scale, the sum of the elas-

ticities of the three factors is unity. If L 1s the constant n',

A A 4
then r = R - L = -n , and we have

(B.3) Y=A+EXk-Em
and
(B.4) x=¥-n
The production function (B.) can be converted to the intensive form
| AE AT
y= A‘Lf(a'kk'arr) = ALF E-I-‘ s 1, g-i
Balanced growth could occur with constant elasticities § 4 » cOn-

stant rates of technical progress, and a constant capital-output ratio
The balanced growth rate is cbteined by letting k = y. in(@3). It 15
A - ExB
1-%

second term in the numerator, as well as by the possibility that gK is

. The drag due to resource limitation is indicated by the

smaller than it would be in a two-factor economy.



- 3.

The share of naturel resource owners in national income apvears
to heve fallen‘over tine. This trend is not compatible with balance?
grbwth, and there are éeveral possible Interpretations orf 1t. One
is thea following combination of circumstances: the elaéticity of
substitution resources for the other two factors taken Jointly is
greater than one, and the effective quantity of resources per effec-
tive worker ar 1s declining. This implies that thelelaéticity of
output with respect to resources, £, 1s falling, and therefore that
the dreg on growth 1s progressively diminishing.

A second inte:pretafion 1s gquite the épposite: the elasticity of
substitution 1s less than one, but efféctive regsources per effective
wofker are growing, thanks to the speed of resource-auzmenting progress.

A third possible mechanism 1sishift in demand awey from resource-
intensive goods, as a.result either of income or of price effects.

This méchanism'cannot be easily described in a one-~sector aggregative
madel. ~But price-induced shifts of demand are oinflar in effect to
price~-induced shifts of factor proportions. A high elasticity of
substitution will lower the inccmé shares of resource-owners. In-
elasticity of demand for resource-intensive products with respect to
income growth has the same qualitative effects as rapid land-augmenting
progress.

To the central question -- how important are natural resources in |
measured growth? -- we seem to get an unambiguous answer: less im-
portant than they were., Table B-l from Denison indicates that the
share of land declined from about § percent to > percent

l . -
from 1200 to 1950.—/ Denison concludes that

;/. Edward'F. Denison, The Sources of Economic Growth in the United States,
(p. 30), Committee for Economic Development, 10G2.




- L -

while land slowed down the growth rate .1l percent per annum for the
period 1909-1923, this drag was only .05 percent for 192957 and

4
would fall sligitly more for the next twenty years. In subsequent work, Denison

has also examined the extent to which differences in Buppiiés of
land and natursl resources can q.ccounf for differences in productivity and
growth between the United States and Western European countries. He
finds the differences negligible.g/

A closer look at specific products which are resource-intensive
confirms the,gener#; suspicion that resources have not been a drag.
In g careful study of the relative costs and prices of major categories.
of resource-intensive goods, Barrett and Morse conclude that, with
the exception of forestry_prod.ucts, none i?pea.rs +0 have become rels-
tively more scarce than goods in generul.3 . They examine reesons for
this paradox and show that the most important reason is pervasive tech-
nological change. ‘Mocreover, in those resource-using injustries where
technolpgy has not come to the reacue;of scarcity, substitution of other
goods has been significant (substitution away from lead and zine, from

- L/
forestry products, from animal power in sgriculture)s

+. Edward F. Denison, The Sources of Economic Growth in the United States,
(p. 270), Committee for Economic Development, 1962.

2/. Edward F. Denison, Why Growth Rates Differ, Brookings, 1967, Chapter 14,
The difference ranges between 0.5 and 0.6 percent of per capilta
national income, Harold J. Barnett and Chandler Morse, Scarcity and
Growth, Johns Hopkins Press, 1963, p. 185.

 3/. Harold J. Barnett and Chandier Morse, Scarcity and Growth, Johns

Hopkins Press, 1963, Part IXI. The other broad sectors were
agriculture, extractive industries, and minerals.

l_l-/. "A rough calculation based on Btu's of mineral fuel indicates that
if the United States today has to rely upon work animals for its
Thorsepower', the feed would require 15 to 30 times as many acres
of cropland as are in use in the country.” Harold J. Barnett and
Chaig_;.er Morse, Scarcity and Growth, Johns Hopkins Press, 1963,

P. .




TAJLE B-1, SHARES F rACTCRS IN NMATIQAL INCOVE

Period National ILabor lLand Reproducible “apital Goods

Income
Total = Nonferm. Other Inven- U,S. Lesm:
yesl- - struc- tories’ hnld- Foreign
dential turés  1ings of tholdings

struc- and : rrivate of U.S.

tures equip- assets private

ment ahroad assets
1909-13 100.0 69.5 8.9 21.6 3.3 13.9 4.6 o o
1914-18  100.0 67.0 8.8 242 35 15,3 5,3 A .3
1919-23 100,0 69.5 7.0 23,5 3L 14.8 b .8 .2
1924+28  100,0  69.7 6.4 23,9 4,3 14.6 4.3 .9 .2
1929-35) 100.0  62.2 6.2 k6 k5 153 k2 L0 c &
1934-38  100.0 . 704 5.6 24,0 346 15.6 k.3 .8 .3
1959"14'51 - 100.0 o 72.1 14-.9 25.0 - 208 15-5 h—-5 06 .2
19#&-&81 100.0 4.9 L0 21.1 2.2 k.6 3,9 .5 o1
1949-53 100.C = Th.5 3.4 22.1 2.5 ;5.h 3.8 .5 1
195458 100.0 TTe3 = 3,0 18.7 3.0 13.1 3.0 .7 .1
1909-581 100.,0 Tl.4 5.8 22.8 3.3 1h.§ L2 .6 o2
1909-29 100:0 - 68,9 T.7 23,4 3.7 © 14,6 4,8 .6 o3
1929-58%  100.0 73.0 ko5 22,5 3.1 15.0 3.9 .7 .2

1. For 1930 through 1940 and 1942 through 1946 these represent interpolated
distributions, not the actual distribution for those dates. See text.

Source: Reproduced from. Denison, The Sources of Economic Growth in the United States,
op. cit., p. 30.



3.2, Simvatione of Three-Factor Production Punctions

Qur briel review of historical tendencies in resource industries
hes led us to conclude tentatively that netural resources heve not bhe-
come an inecreesing drag on economic growth, One possible explanation
for this result is 'that technology allows ample neans f‘or éubstituting
avay from increasingly séa.rce natural resources.

In an attempt to make this speculation more concreﬁe, we have
studied several three-factor aggregate nroduction functions. Although
two-factor (labor-cepital) production functions heve been'-widely atudded,
the.re does not appéar to be comparable work on three-factor (laber-ea?i'tal-
land) functions, wmoreover, the only anelytical results available are for
production functions with constant partial elasticities of substitution
between differeﬁt factors. Consequently, our first step was to examine
different ﬁlﬁction&l f.orfns and parameter combinations to see which
seemed to "Qxhibi‘h rlausible behavior. The final choice hetween the
simiations was on the basis of a comparison of the simulated results

with the "revised stylized facts” of growth reviewed sbove,

Paramsters

Four functional forms were tested:

(FFL) Y= Lo (AK)P ¢ oy (A 1)7° + o (AR)PT

_— P
(FF2) Y- [&‘lz (w)K(ALL)% } + @, (AR)™P]
1 1)\"? -1
(¥F3) 1= [cg([al(k,(l()? + sa(ALL)'é/Ze) + ay(agr)™f1 P
o - Z1y-0 .1
(PFh) = [01({51(%1()‘1 + BE(ALL)‘I} ) + a,(AR)P) P

i
P

i
P
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The first one is a general three~Tactor productlon function with Con-
stant Elasticity of Substitution (CES)., The others are two-stage CES
functions, in which production depends on two factors, resources and
a capital-labor corposite. In PF2 the cepital-labor camnosite 1s a
Cobb«Douglas function of capi‘ba.i and labor, with assumed elasticities
of 1/k for labor and 3/4 for capital. In PF3 and FFl the composite
1s itself a CES function of the two "neo-classical” fagtors, with
different elasticities of substitutlion between them. Unlike PF1,
the two-stage functions imply & different partisl elasticity of
substitution between cap;l‘ba.l and labor from thgt between resources

and the other two inputs.

The assumptions about the partial elasticities can be summerized

as follows:
Specification Elasticity Between Elasticity Between
| K and L (K,L) and R
L 1/(1+p) 1/(14p)
FF2 1 : | 1/(1+0)
PF3 2 1/(1+p)
PFh 1/2 . 1/(1+p)

The parameter values tested in simidations were as follows:

p = -9/10, - 1/2, - 1/3, 1
= 0, .015, .03 rate of labor-sugmenting progress

BALV

BAK = 0, 015, .03 rate of capital-augmenting progress

= 0, ,015 , .03 rate of resource-sugmenting rrogress

g
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- The mumerical specifications were completed with the following

perameters:
, AX .
al = 0,9 8 = net savings rate T = 0.1
@, = 0.1 g = natwml growth rate of labor = 0,01
B = 0.25 gg = growth rate of resource input = 0.0
52 = 0'75

A1l values were indexed at 100 at time t=0.

Altogether there were 405 specifications, differing in the form
of the function (PF1-PFh) and in the mmerical values of their parameters.
Bach case vas similated for 300 "years." Iﬁe results were compared with

the following stylized facts: .

Factor shares are labor 0.73, capital .22, resources .05,
. (Denison, The Sources of Eeonomic Growth in the U.S., op. cit.)

Capital growth exceeds output growth by 1% per year,
Ottput growth is 3.5% per year.
The marginal product of capital 1s constant at .15.

Similations were scored by their conformity to these "facts.” Two
scoring procedures were used.
The first wvas based on an arbitrarily weighted sum of squared

deviations of simulated resulte fram the facts:
o 2 ) 2
(1. share - 0.73)° + (K share - .22)

(B.5) +2(R share -.05)° + 3(g.-g,) - (-.01)12
+ 10(g, - .035)° & 0.2(MK - .15)°
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For gacﬁ sirndation, this sum was cﬁm;uted for each reriod and 1ts
minimm velue found. The minimrn value was.Score I for the similation.
The lower the score, the more accepteble the similation.

The second scoring technique consisted of seeing which »f ten
individual criteris were met in the year 106 of the similation. Score
II vas simply the mumber of criteris met, a maximum of 10. The cri-
teria were:

(1) (8e-8y) n [+.02, .005]
(11) (gm-gy) in (-.01, .01)

(111) in [.02, .02]

Enpxc
(iv) ‘g (share of labor) 20

(5.6) (v) - share of labor in [.6, .8]
(vi) g(shere of K ) 4n (-.005, .005)
(v11) share of XK 4n (.15, .30)

(viii} (share of R )y<o

(1x) share of R 41n [.02, .10]

(x) & in (.03, .ok]‘

Conditfons (v), (vi1), (ix), (1), and (x) in (B.6) are amalogous to the
first five terms in (B.5) in that order.
Results: |

The two scoring functions mre quite consistent. Score I ranged from
.00118% to more than 3.0, The fifty-one lowest scores, ranging from .001183
to 4003998 are anslyzed below. None of the LO5 cases scored 10 on the second
test; ten scored 9. All ten of these cases are among the fifty-one clted
above and listed in Table B-2. Other summary compilations sppear in

Tebles B-3 through B-6.



- 10 -

Twvo flairly.ciefinite conclusioﬁs emerge fram these smtiom.
The elasticity of substitution between resources and the capital-
labor cozposite 1s greater than one in all 51 cases. Secondly, the
partial elasticity of substitution 'betwee-n K and L is gfeater than
one in the top seven cases, and equal to ane (Cobb-Douglas) in 35
of the next cases. Oply one out of the 102 substib.xtiqn elasticities
in these 51 cases 138 less than unity,

The findings r_elating to the rates of l.abor- and éaj:i‘ba.l-au@:enting
technical cha.nge are somevwhat clmﬁed since in the Cobb-Douglas case
factor-eaugmenting change is indistinguishable from Hicks-neutral

(separeble) technical change. There 1&, however, some reason to favor.
ay A

in Table Bl which are not Cobb-Douglas, fifteen have (g ,gAI) = (0, .03) .

an estimte of of .03 and of of 0 . Of the slxteen cases

Of the thirty-five Cobb-Douglas cases, twenty-six were such that

1l -3 [ 1. 5
2- %] .
I gAK + 5 SAL wes in the range (2-m, B
¥o conclusions are possible regarding the growth rate of resource-
augmenting change, In all cases effective resources grow less rapidly
than effective-capital fus -effective-labor; terefore with U(K,L),ﬁ greatar

than unity the share of resources declines. If higher rate of g

had been chosen, this conclusion might have teen reverzed.



Pifty-One Best Scoring Simlations

TAELE B-2,

= Usf":ﬁ,R K,z g € | B, |So0Te I[ FF ' (LR %%,1) 8 5 o, 5’.4, -iiScove I
e i' ;f :
! i i ]
1 145 1.5] ¢ |o -03 1.001183 |11 | 1,5 1.5 ] 0157 n .03 ,.00?209
(L,3) - 2 o |o 05 |.001250 {2 | 2 1 23 | .015 f.os 1002072
A 1.5 151 03(0 «03 ].001283 || 2 ‘ 1,5 1 0150 0 1,03 g.ooeqss
3 1.5 2 o |o 03 {00303 (12 | 1.5 1| o {.015 l.os |, 002302
(L3)| e 2 | o050 | .03 Joowzes|le | 15 | 1 0 1.05 |.015!.000346
3 10 2 «015| 0 +03 1.001344 || 2 | 1.5 1 .015l .015 §.015 .002%82
(1,3) 2 , 2 03 ]0 .03 {.001456 | 1 [ 10 10 .03 0 5.05 l. 002407
I B 1 030 | .05 [.001516 {2 2 1 .015 | .015 i.05 0okl L
1 | 10 10 70 Jo | .03 fwosalfz | 15 | 1 | .03 |.05 |.015L00sk80
3 20 2 | o {o | .03 Jooszs |2 | o 1 | .05 .015 ’.015 .002753 -
2 1.5 1 | 03[0 | .05 ,.001559 | 2 2 1 0 {.015 (.05 |.002775
2 2 1| o (o | .03 00632 | 10 1 .03 | .015 |.03 [.002795 -
2 10 1 .03 |.03 015 | ,0016h2 |f 2 1.5 1 015 | 2015 | .03 [.00312% |
-2 1.5 1 {.015 .03 | .o15|.001646 | 2 1.5 1" | .03 | .05 |.0% |.00%155
2 10 1 {.015 [.03( .015;.001688( 2 | 10 1 | .015{ .015 | .03 |.003282
2 | 10 |1 {.o5 |o .03 | .oor70L || 2 10 1 015 .015 | .015].003360
2 .5 [1 [o [o | .05 {.oou70!l 2 1.5 | 1 0 ! .015|.015|.00362 -
2 2 1~ (.05 |03 | .015 |.o01723fl 2| -2 1 0 | .015].015(.003588
2 2 I {.03 03] .015|.oon7s2f| & 1.5 | 12 | .o15] o |.o15(.00%630
1 10 10 |.015 |0 03 |.001753|} 2 L5 | 1 015! o | .015|.00%634
2 2 1 | o |o3| .05 .000799(| 2 | 10 1 0 | .015| .015|.003883
3. .5 |2 (.05 |o. .03 |.o01808(| 2 1.5 | 1 0o | .03 | .03 |.003007
2 2 1 [.05 [o | .03 |.o0i872
2 10 1 .0 .03 | .015 |.001887
2 1.5 |1 [.03 fo15] .03 |.o01975
2 10 1 | o 0 .03 |.002994
= | 10 2 l.3 |o .03 |.002125
1.5 2 015 |0 | .03 |.002147
10 1 |.03 | 0 103 |.002171|
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TA-_E 3.3, Distribution of Fiftv-Cpe Lowest Scores by Elasticity of
Substitution JeYween Ceonltal-labor and Fesources

9(x,L),R Number
5 0
1.5 21
2 , 1k
10 17

TABLE B-k, Distribution by Production Function

K,L . Number

) . ) *
FFL. k,L),R 7
P2 1 35
PF3 ) o 9*.
FF4 1/2 1

# (In three cases FFlL and FF3 are identical).

TABLE E-5.. Distribution bty Rates of Factor-Augmenting Technical Change

A Ay £

0 17 26 0
.015 19 1% 17
.03 15 1 EN

TATLE B-6. Distributicn by Combinations of Rates of Technical Change

g g g humber
Ap Ag Ay |
o} (o} «03 8
015 0 <03 8
+03 0 «03 8
ALY others# 27
51

# less than 4 each
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Qee Tiral note of interest is that the thiom did produce
e declining capital-oﬁtput ratio. Since the "apparent" decline of the
capital-output ratlo has been a puzzle to analysts, it is of some
Interast to see how this a.ris.es in the present model. A3 15 well
known, the capi‘c‘a.l—output ratio in balanced growth is the ratio of
the saving rate to the ra.'te of growth of the exogenous factor
(usua.l_ly labor). In a three- factor model, the comnosite exogenous
factor is the ccxnbination of labor and resources, weighted by their
relative shares. But inputs of resources are growing more slowly than labor

'1m>uts, and the share of resources is cleclining relative to labor's. There-
fore, the growth ra'be of the composite exogenous factor is speeding

up over time and the equilibrium capital-output ratioc is falling.

The Next Fifty Years?.

Unde? the. assumption that the models which best éorreapond to the
stylized fa.cts will apply to the future, we can draw inferences about
the next few declwles. All of the best sim:lations indicate the same
trexis; the exact numbers given 'be;lofw a.:re from the best Cobb-Douglas case

(P.F.2), which had I(k,L),R = 2 » & (gAR,gAK,gAL) = (.03, 0, .03), beginning

at year 150.

Briefly, very little changes. The K/Y ratio declines slightly
(2.53 4o 2.52), vhile shares of capital and labor increase slightly at
the expense of resources (,237 to 240, .T11 to ,T19, .052 to Okl re-
spectively). The marginal product of capital rises {.0936 to .0952).
The growth rate of output rises slightly (.0397 to .0398) while the rate of
-change of wages (marginal product per natural worker) approaches 0.03 {up

from 0.0296 to 0.0297).
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'B.B; Pr~duction Models Including Natiural Regourzes: Econametric Estimtas,

The simuiations described in the laat section are quite opt:l.mistic‘
about the effects of natural resources on future growth. They imply
- that growth wili accelerate rather than slow down even as natural re-
sources become more scarce in the future. Since the modelé ‘used there
are only suggestive, it is perha.pé useful to check the results with a
more formal approach.

1/
(ne of the best simiations was of the following form, PF2:

@& - [czl {(AKK)G(ALL)J"'} P "%(ARR)"’]- %

vhere ¢ was assumed to be 1/k. In this specification, capital and labor

are combined with an elasticity of substitution of one, while the com-
posite capital-labor factor and paturasl resources are combized with an
elasticity of substitution.of 1/{(1+p) « Let us designate the camposite

factor as:
(8.8) N = KA %R

where h = gAKe + gAL(l-c)

ne way to calculate p 18 as follows. The ratio between the shares of

the cormposite factor anml natural resources is:

(3.9) z-—-—-————-—éh‘m of N‘-E]:.'B.pexpt.
*- ghare of R o, \N

where ).-gAR-h .

1/, This form wnn 15 of the top 24 places on Score I.



¥We use data from Denison for both shares amd inputs.
in Table B-7 below.

logarithms of (B.9).

(B.10) m-.\+p[m(§)+u]m-a+p[u

15 .

y/

R

These are given

The basic estimtion is obtaired by taking the

'+ lt]

vhers A 1s a constant. N 1s caloulated from (B.8), taking ¢ equal

to 0.242 from Teble B-1 ebove.

(B.11)

oz = 1.797 - .50k6 nn(%) -.0319 t

(.06) (.3486) (.0169)

F - 986

m - l%

This regression implies an elasticity of substitution between neo-

classicial factors amd resources of about 2 and a value of A of 0.06. It is

consistant with the general impression given by the simuistion tests --

either the elasticity of substitution is high or techmological change is

Source: Denisom, The Scurces of lcomnomic Crowth in the U. S., or. ¢

‘relatively resource-saving or both.

TABLE B-7. Fmctor Inputs

1909-1913
1914-1918
1919-1923
1924-1928
1929-1933
1934-1938
' 1939-1943
1944 -1948
19%9-1953
195h-1958

(1929 = 100]

Capital Labor Resources
57.28 67.58 100. 00
65.%8 76.10
T7.00 79.3
90.94 %.12

101.6 88.7%

Bo.h  95.76

106.36 13206

114,28 15k.1h

136.9 160.68 v

162.30 17h.%0

Y.

t., p. 100, 85.

(ne should give the usual caveats about the data. The labor and capital
figures are probably good, but Denison assumses that i{inputs of natural
resources are constant dus to the dominaticn of land in matural ranource
inputa. BSince the noniand compoaent in rescurcea has certainly bean rising.

we andarsitgte the growth of R and consequently we probawly orevstate ¢ .



AFPENDIX C

Population Growth and Sustainable Consumption

1. Equilibrium or Intrinsic Populstion Growth,.

A population is in equilibrium when the nurber of persons of
any given age and sex increases at the same percentage rate year
after year. This constant rate is the same for all age-sex classes,
and therefore for the aggregate size of the population and for the |
numbers of births and deaths. In equilibriun; the relstive ege-sex

composition of the population remains c_onsta.nt.

Such an equilibrium will generally be reached asymptotically
if the fertility anmd mortality structure of the -popula.tion reme ins
constant. Mortality structure means the vector of death rates by age
and Bex., Fertility structure means the vector of male and female births
as &8 prop.ortion of the female populatipn of various ages. The equillbrium
rate of growth of & population and its equilibrium age dist:;-ibution will be

different for different fertility and mortality structures.

The net reproduction rate, for a given fertility and mortality
stfuculre, is the average number of females who will be born to & new
female baby during her lifetime. Fof zero populstion growth (ZPG) this
rate must be 1L.000. When it exceeds 1, the equilibrium ra.'t.e of popu-
lation growth per year will depend also on how early or late in life the

average I‘em].ﬁ gives birth.
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In the text three equilibrium populations are compared, one
corresponding to the 1960 fertility and mortality structure, one to
the 1967 st'rucm're, and one tc an assumed ZPG structure. 'Hn 1960
and 1967 structures were obtained from the U. S, Cemsus, The ZPG
estimates use the 1967 mortality structure, and a fertility vector
obtained by proportionstely scaling down the 1967 vector énough to
obtain a net lreproduction rate of 1.000, Figure C-1 shows the three

vectors of birth rates by age of women: 1960, 1967, ZPG.

The differences in equilibrium age distribution essociated with
differences in fertility structure are {llustrated in Figures C-2, C-3,
end C.l, These figures also show actual age distributions for 1960
and 1967. The differences between sctual end equilibrium age distri-
butions a.ré, of course, responéible for the ccnsiderable discrepancies

" between actual and equilibrium retes of population growth.

Finally, Figures C-5, C-6, an'd, C-7, show for each of the three struc-
tures (a) ‘the hypothetical 'projecticn” which the population
would follow if the fertility-mortality structure remmined consﬁant,
glven the initial disequilibrium, and (b) the "constant rate"

equllibrium path to which the projected path would coaverge.

These calculatlons make no allowance for net Immigretion, which

.anounts to 500,000 to 400,000 persons per year under current legis.l.ation;
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In the text three equilibrium populations are campered, one
corresponding to the 1960 fertility and mortality structure, cne to
the 1967 struc'm;re, end one to an assumed ZPG structure. The 1960
and 1967 structures were obtained from the U, S, Census, The ZPG
estimates use the 1967 mortality structure, and a fertility vector
obtained by proportionately scaling down the 1967 vector 'e_nough' to
obtain a net _reproduct:lon rate of 1.000, Figure C-1 shows the three

vectors of birth rates by age of woman: 1960, 1967, ZPG.

The differences in equilibrium age ciistributmn assoclated with
dirf-emnces‘ in fertility structure are illustrated in Figures C-2, C-3,
and (.4, These figures also show actual age distributions for 1960
and 1967. The differences between actual and equilibrium age distri—
'bution_.s a.ré, of course, responsible for the considerable discrepancies

© between actual and equilibrium rates of ropulation growth.

Finally, Figures C-5, C-6, an’d' C-7, show for each of the three struc-
tures (a) the hypothetical 'projection" whith the population
would follow if the fertility-mortality structure remained constant,
glven the initial disequilibrium, and (b) the "constant rate”

equilibrium path to which the projected path would converge.

These calculations make no allowance for net imnigration, which

.amounts to 300,000 to 400,000 persons per year under current legislg.tion;
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2, Life Cycle Saving and Agzregate Wealth,

As explained in the text, the effect of a change in the equi-
1ibrium rate of population g:rowth Voniusmimbla.comumption dopenﬁs
in part on the change in the stock of wealth the soclety desires to
hold relative to its income, We have taken the "life cyele” approach
to this problem, as described in Tobin's paper "Life Cyclle. Saving and
Balanced Growth." Yy

The populstion 1s assumed to be in equilibrium, snd the calculations
have been mede for the three fertility—mrmiity structures already
descrided: ' 1960, 1967, ZPG. It is necessary further to group the
populstions in households, ‘This is done a:biﬁrﬂy by associating
with each female 18 or older:(a)} her pré rata share of the living males
tvo yeers older, and (b) all the surviving chiliren ever born to an
a.verége female of her age. Males are children until 20, females until
18; at those ages they cresate nev-households. Over the l:!;fe of a

household its average size varies &3 births and deaths occcur.

The household's income each year is the sum of the incomes of
its various members., These vary with age and sex, sccording tg profiles pub=

lished by the Census Bureau and.ba.sed on the Current Population Survey.
The 1960 profile was used with the 1960 demographic structure, the 1967

1/. In Ten Fconomic Studies in the Tradition of Irvidg Fisher,
Wm, Felliner, ed., New York: J. Wiley & Sons, Inc,, 1967, pp. 231-256.
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profile with the 1967 and ZPG struetures. ‘The whole profile is
ﬂssumad to shift upvard at ¥ per year, the assumed rate of in-
crease of productivity due to J.abor-aumnting technological progress,
labor inputs of different ages anl sexes are assumed to be perfact

substitutes, at rates indicated by the profiles.

Each household is assumed to know its future size n , its labor ineome
'Y &nd the interest rate r . Over 1ts lifetime the aversge house-

hold consumes all of its income, including interest on any savings
accumulated along the way, The household spreads its consumption

more evenly than 1%s income, saving in high-income years in order

to dissave in low-income years. The utility & of consumption at any

time is taken to be a function of the consumption ¢ per surviving
equivalent adult member of the household at that time. The house-

hold meximizes over its lifetime the sum of the utilities of this

consunr_ptién et each age a , weighted by the expected number of equivelent

adult members in the household at that age n(a) discounted by & subjective
A - R

rate of time preférence: .[‘ e 2y c(a) n{a)ia . This is maximized

subject to the budget constraint that expected lifetime income equals

expected lifetime consumption:

A A
j’ e y(n)da = j e "%e(a)n(a)da
a=0



vhere y(a) 1s the expected labor income of a household at age & .

The calculations have been made for the specific utility function

u{c) = log ¢ . This leads to the following rule:

o(T-Play

A
j' ¢ n(a)da
0

c(a) =

the 1limits of Integration are the same as before;
wvhere/ Y 4s the present valus, at household age O , of its expected

' 1ifetime labor ineome, and the denominatar 1s the discounted sum of
expected equivalent adult years of household life and consumption.

If the market and subjective discount rates were equa.l., the rule says
that 1ifetime income should be spread evenly in consumption, so that
consumption per equivalent adult would be constant. To the extent
that r exceeds p the household is induced to pos.tpone consumption

until later in life.

_As_ﬂiis exposition mekes clear, the hopwehold's consumption pattern
depends on (a) the way in vhich its members are counted -- the equiva-
lent adult scale, and (b) the subjective discount rate., Calculations
have been made for various equivalent adult scales, ranging from counting
teenagers and other children as full members to counting them not at all.
In one case the parents are diminishing their old-age eonsumpiion in

order  to increase household consumption during the years children are
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&t home; in the o_ther -u“ they are not. Likewvise a number of values

of subjective discount rate have bean aséumed. Some of the combina-
tions are shown in Tables 2 and 4. For the present purpose, which 1s to
exhibit the effects of changes in tha fertility-mortality structure,

the assumed equivalent adult scales and suﬁ,’jective discount rate

metter very little. They would_ matter If they were thought to vary
systematically with the rate of population growth, but there 18 no

reason to expect that.

'On the other hand, the response of consumption patterns to market
interest rates does matter. It is this response that mmkes the aggre-
gate vealth-incoms ratio respomd to market interest rates, as 11lus-

trated in the upward sloping curves of text Figure 1.

Household consumption plmmg is assumed to be adtuariml. A given
cohort of households breaks even over its lifetime. -Some households
last longer than average, and some dwindle away sooner, Life insurance
and annujities enable the excess consumption of some members of a cohort

to be met by the excess saving of other members.

Similarly, households ere assumed to be able to borrow, as well as
lend, at will at t.he prevailing interest rate, so long &s they have ex-
rected future labor income to borrow against. This assumption of a per-
fect capital market has less effect than migh'h have been supposed,

becausé in most cases households have few or no years of negative net worth.



Given the consumption plan of an average household, it is
possible to compute at any time the mumber, the net worth positions,
and the income of households of every ege. From this the aggregate
wealth/income ratio can be computed. Along & path of equilibrium
population and economle growih this ratio will be a constant, de-
pendent on the cba.ractéristics of the path but unchanging over time.
The reasons that it 1s a constant of this kind are essentiaily
{a) that the lifetime propensity to consume Aeq_ua.ls
unity, regardless of the absolute size §f income, and (b) all the
demographic and economic variasbles that determine the pa'l';tern of
household consumption & over itis J.ifetime, and the age distributicn
of households and their members,are constant é.long an equilibrium

' pﬂtho

As indicated in text Tables 4 and 6 » the key economic varisble, the
interest rate, is identifled with the net marginal producfivity of
canpital and depends on the caplital-output retlo. Here we have also
made the capital-cutput ratio and the wealth-income ratic identicel.
This would not be the case if we asllowed for eccumilation of wealth

in forms other than capital. Then the two ratios would differ,

!._/ « See James Tobin, "Money and Ecmomic.Growth," Econcmetrice, Vol. 33,
No. 4, October 1965, pp. 671-684 and "Notes on Optimel Monetary
Growth, " Journal of Political Economy, August 1968, pp. 833-859.
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but our conelusions sabout the effects of population growth would
not be affected so long as the monetary-fiscal policies that de-

termine the difference remmined the sane,

How does the fertility-morh.i:lw s‘t:rucfum affect the aggre-
gate wealth-income ratio? The most obvious way is that it determines
the equilibrium age dia'tz'ibution; For example, ZPG puts relatively
more households in the retiremsnt years, wheﬁ wealth declines to
zero, On the other hand, it also puts more households in the high-
ﬁealth years just befére retirement, and fewer in the early low-
wealth yeers. A less obvious effect i1z the life cycle of lLousehold
' size. With ZPG, there are fewer children to claim consumption as
against the retirexﬁant consumption of the adulits. When _c:hildren are
counted in the comsumption plan, therefore, ZPG raises the peak wealth
accumlations of middle-aged hmseholds._ 'I'he'up.shot ié, 88 reported

in text Tebles 4 and 6, and Figure 1, that reduction in fertility raises

aggregate wealth/ircome ratios at all interest rates.
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