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THE INFLUENCE OF POPULATION GROWTH 

ON PER-WORKER INCOME IN DEVELOPED ECONOMIES 

Julian L. Simon* 

INTRODUCTION 

There are two contradictory points of view ae the effect of 

population growth upon per-worker income in rich countries. Classical 

analysis using the standard economic concepts of saving, demand, and 

the production function suggesta that an increment of population reduces 

per-worker income once the nation or combination of nations is large 

enough so there are no important economies of scale, and given full 

Gen loveant and high-plateau life expectancies (see, for example, Malthus, 

1803; UN, 1953, pp. 27-32, 36-39, and references cited therein; Meade, 

1955; Phelps, 1968). But historical examples -- the concurrent explosion 

in Europe of both population and economic development from. 1650 onwards, 

and the failure of France to excel economically despite its low birth 

rate in the past 100 years -- and also contemporary international 

cross-sections, suggest that at least in more-developed countries 

(MDC's), population growth does not hinder and perhaps helps economic 

*I am grateful to Gyani Singh and Israel Luski for programming 
of the model. Mr. Luski also gave me valuable advice in the manipulation 
of the model. I also appreciate’ useful comments on an earlier draft 
by Professors Simon Kuznets and Nathaniel Leff. And I benefited greatly 
.from the comments of the faculty seminar at Tel Aviv University. 
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growth (see Sauvy, 1969; Kuznets, 1967; Easterlin, 1967). Growth in 

knowledge caused by the larger number of people is the main factor that 

has been adduced to explain the discrepancy between the classical 

model and the observed reality (Kuznets, 1960). 

The aim of this paper is to create a framework within which 

the contradiction may be reconciled quantitatively. Knowledge and 

related factors are incorporated into the standard analysis so that 

‘tthe opposing strengths of growth in knowledge and of diminishing returns 
Pas 

. 

May be weighed against each other. Crude estimates are inserted into 

iterative simulations to learn the effect on per-worker income of 

various patterns of population growth under various conditions. Within 

the range of assumed conditions, the effect of a population increase 

generally goes eae negative to positive within 50 to 100 years. It 

must be emphasized, however, that the various models simulated are 

intended only to be illustrative and suggestive, and do not purport to 

represent either the U.S., or any other single country, or the developed 

world as a whole. Also to avoid disappointment, please be warned that 

the central finding results from adding a single element -- the effect 

of populstion size upon productivity -- to a simple classical model, 

within what seem to the writer to be reasonable ranges of the basic 

parameters. The outcome of adding this factor may seem obvious, but I 

‘believe that the elaboration of the models is necessary to make the central 

finding seem persuasive as a description of economic and population 

growth in the more-developed world. 
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The paper may be viewed as an attempt to formalize and quantify* 

Kuznets’ masterful paper (1960). In the formal approach used here many 

of the interesting influences discussed by Kuznets are necessarily left 

out; the reader is therefore referred to that paper for greater richness 

and a more complex view of the matter. It should be noted, however, 

that this paper is not an empirical study. It is, rather, a theoretical 

-exercise in which the simulation technique is used instead of analytic 

methods. This has the disadvantage of less generality than analytic 

methods, because the results hold only for the specific sets of parameters 

the models are run on, and apply only by analogy to other sets of para- 

meters.within the ranges of the simulated sets. That is, unlike analytic 

methods, no results are proven to hold for all cases consistent with the 

basic assumptions. On the other hand, the simulation method has the 

advantage of allowing one to theorize about a much richer and more 

realistic model than analytical methods allow, and with more specificity. 

The context of the paper is near-full employment; when there is 

substantial unemployment, population growth is relatively more favorable 

because.of the positive effect on demand, including the public sector. 

The time horizon is sufficiently short so that possible major changes 

in the natural-resource situation may be disregarded -- perhaps 50 

*",...we have no tested, or even approximate, empirical coefficients 

with which to weight the various positive and negative aspects of 
population growth." (Kuznets, 1960, p. 339) 
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or 150 years. Though the terms of reference are to the United States, 

it would be most appropriate to conduct this analysis for the developed 

world as a whole, because of the scientific and technological inter- 

dependence among the MDC's. 

The aim here is not to determine whether it is worthwhile for 

a society to have more or fewer children. Such a judgment would require 

various difficult assumptions such as the following: (a) A rate at which 

future consumption utility is to be discounted in the present must be 

chosen if a welfare decision is to be made. A very high discount rate 

implies that having no children is best, because the children will become 

producers only long after they are consumers; and a zero discount rate 

makes any meaningful calculation impossible. (b) A welfare decision 

requires that one decide which people are to be considered the members 

of the comity whose welfare is to be maximized. Yor example, should 

one maximize the welfare of only the people alive today, or should one 

also include future peoples' welfare in the objective function? (c) One 

would need to make difficult decisions about what is to be considered 

consumption. For example, which parts of a child's education in the home, 
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street, and school are to be considered investment, and which are to be 

considered consumption by the child, his parents and society? 

The purposes of this paper rather, are these: (1) to understand 

“in the history of industrial nations the influences of population growth 

on income through changes in capital and knowledge; (2) to consider what 

‘the future course of output per worker might be with higher or lower 

birth rates. 

‘ The dependent variable is’ output (or income) per worker,* and 

Slot ‘consumption per capita (or per consumer-equivalent). In the long run 

‘the two measures are much the same. In the short run an increase in 

‘population through an increase in fertility necessarily implies a drop 

Sa consumption per capita even if output per worker remains the same, 

because the total number of workers remains the same while the number of 

people increases. In the household, income is then spread among more 

people. And when population grows faster there is greater public 

consumption of education and other child-raising services,** which 

implies larger taxes and less resources available for private consumption 

and saving. But in the long run ,measures of consumption per capita and 

output per worker will give much the same result, and the focus here is 

*It is not assumed here that per-capita income is the appropriate 

measure of welfare; ‘elsewhere I argue that it is not (Simon, 1970). But 

per-capita income is one of the arguments in almost everyone's welfare 

function. 

*kThe investment aspect of education will be treated later. 
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on the long run. Furthermore, lower per-person consumption need not 

mean lower total utility. In fact, depending on one's social welfare 

function, the same total consumption spread among more people might be 

seen as yielding higher total utility. 

The first section after this introduction gives the demographic 

structures to be analysed. The second section sets forth a simple 

classical analysis to estimate the partial effect of a higher birth rate 

on cone through the capital stock, savings, and labor force. The third 

section describes a way to estimate the partial effect of a higher birth 

rate through the variables not included in the classical model, i-e., 

knowledge, scale effects, and natural resources. In the fourth section 

the two partial approaches are brought into numerical relation with each 

other to weigh the net effect on per-worker income in a ite Me rich 

industrialized country of more or less children being born. 

The symbols used are as follows: 

: A. = level of the economy's productive efficiency as of year t. 

e = elasticity of labor force with respect to children born 

=. = elasticity of the saving ratio, s, with respect to number of chilidrer 

Fy ee number of females of age i as of year t 
> 

H = the stream of increments to productivity caused by an increment 

to knowledge in year t created by a given increment of people 

K. = stock of capital in year t 

i = number of worker-equivalents of age i as of year t 

L. = number of people in the labor force 
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EG= 

M = number of males of age i as of year t 

N. = natural resources available for use in year t 

P_ = total population in year t 

R,_ = the effective labor force; the sum of workers weighed by 

education 

S, = ratio of saving to output 

w = ratio of children 20 and under to adults 21-60 

Y.. = the aggregate outpuf:in year t 

I. THE DEMOGRAPHIC STRUCTURES 

The population and labor-force structures to be compared are as 

follows: The comparison base, structure I, has an exogenous 1% growth 

I I 
ee 1,t 

starting in year t = ~60. In this and in all other population structures 

in the birth-rate each year, i.e., = 1.01F! » and M = 1.01m! a 
1,t-1 1,t- 

infants live until they enter the labor force at age 21, and also through 

the end of their labor-force service at age 60, i.e., ae = Mon t+21 = 

Meo, t+60° and the same for females. The number of males and females of 

each age are equal in this and in all other structures. (All children 

are assumed born on January 1, and up until the end of their first year 

the cohort is labeled G1,))- Adults are assumed not to matter economically 

after age 60. 
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The population in year t=0 in structure I is then 

gee Exo I I I I I 
) F20  “e0,t=0 * *60,e=0 * “5o,em0 + ¥59,cq077° * 1, cn0,t "1, eno 

1 If o Alt I 

Meo,c=0 + Feo,c=o + 1-9 Meo emo + 1-92 Meo. emo 
I 2.1 59.1 + 2.01) 765 pag + (1-01) Petree nn Ol) Mao 
+ 

3a) a 
b) 

In structure I,in which births increase 1% per year, half the 

women are assumed to work. The Yabor force at time t=0 is then 

60 60 
: I Sy eRe 2 eer Coreen 1221 Fe t=0° 

In structure II the population is augmented by a 50% increment 

» ee = II S 
in the birth Rate in just a single year, t=l, i.e., My tel Doe Mi t=0 

50. cm c=" All other cohorts remain the same as in structure I. Hence 
$ 

for the 40 years from t=21 to t=60 there is in structure II a single cohort 

that is roughly 50% larger than its next-aged cohorts, and the labor force 

is larger by that many workers for the 40 year period. This may be seen 

in Figure 1b, which shows the fine detail from Figure la for the first 

thirty years after t=0. 

Figures la and 1b 

In structure III the birth-rate is incremented by 50% over 

structure I in year t=l1, but unlike structure II, the bulge continues in 

each successive year. That is, in structure III, ere = 1.51 uw 
> 1,t=0’ 



} Np ay Tek: sl 
onsitt * as ° “00 2a" + “On, site os oat | hes gi 

‘coal’ “C10. oy + pee, an (10.0) +5 

: ren mo i ny 

= AP Ne ae “03, at 
‘ Si 

wd tied .79¢ req Sf ‘senozoat eiiaxad dobaw ae sivaact38 a 
mf 

wait ok ‘Qed oats as 2270} rodet oot virow eo ber wie 
te cheat 

ina Hs “yr 

lt I. | 

m0 | MRO 3 Bs ug 0 i ani it 

F snomeront pinion er aorgntugng, ada Ly piutopide al 4 z 

* gag pe ate . Peiial Bek glad xeon alanis 6 saul mb ene 3 

sonal a emaanase aa 4s. some od7 -ndanex asterloo 9120 2th Oma cf 

‘seo atgare @ IT enugowsde nt at sina oda, °3 {Ses ox? exaey Ob a 

sont sodal ods. bees: ,#2n0%lon baign-duene eat ands romzal a0 ulgwo 

: * G¢08 wd qa wldT rboktsq many om ods 302. srusttow ‘gone odd x@ x | 

‘ext? aft sot pl wriigay wot Linseb 4 ak ta wore Hokie snd 

di bow ef meaughi “ 

ave saz vi beamemer ont’ es: sget-dyuld at oa ard 

ul. Waris Big nits, az scuaousae sat Law 2a ns ay cae. 

ea yt Ty f2.f:= . eit ‘Sessease ak a sat rast wke 



nef 

cit III be TET wily eat 
and Milene 1.01 cri eae and Mt=3 = 1.01 My t=2? and so on. Hence 

all cohorts from t=+l onwards are more than 50% bigger in structure III 

than in structure I. The resulting labor force may be seen in Figures la 

and 1b. It is worth noting that after an adjustment period the dependency 

ratio, w, is again the same in structure III as in structure I. 

In structure IV the birth-rate rises by 2% a year instead of the 

Tyee IV 
Peer do ee 

Pinan, 
> 

1% in structure I, i:e., M 

II. THE CAPITAL AND LABOR-FORCE EFFECTS OF HIGHER FERTILITY 

Assume that the output of a large developed area such as the 

United States or all of the industrialized countries together is a 

Cobb-Douglas function such as 

ee ee (3) Y = AK K. Lis 

The Effect Through the Supply of Parents' Labor 

Incremental babies will cause some women to be out of the labor 

force who would otherwise work. From studies of U.S. census data by 

Bowen and Finegan (1969), Cain (1966), and Sweet (1970), together with 

the assumption that each woman will have at least one child, an incrementai 

child is seen to result in a total decrease of .45 of a woman's work 

year, spread over the two years after the child is born. On the other 

hand, an incremental child causes a total increase in .10 of a man work 

year by fathers, spread over 25 years. The calculation for these estimates 

is given in Appendix A. 
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In the simulation runs in which the labor force is to be adjusted 

for the effect of children on the supply of labor, 
60 

> ( C4) Ly = 29) Maye + 0025 (MH, + Fy.) + 0025 (M+ Fy 4) tees 
1,t 

60 
Mie acy: iZ we. $ .0025 (M,. | + oy Bye) “25. ¢ Hiker sais CANA arate) 

=*.22 (My ap Foot? 

The effect of incremental children on the parents’ labor supply 

will Be shown in the comparisons of. structures II and III to structure I; 

in these cases all conditions are the same up to time t=0, and different 

thereafter as the numbers of births differ. But there seems to be no 

way to compare the labor-force effect of additional children in stable 

populations with different rates of growth, i.e., structure IV versus 

structure I. 

The effect of incremental children on the parents’ labor supply 

is not important, however, as can be seen in even an unrealistically-high 

upper-limit estimate of the effect of incremental children on the economy 

through the parents' labor-force. If the birth-rate is a low 25 per 

thousand and there are a low 400 employed workers per thousand, a doubling 

_in the birth rate would only mean a drop in the labor-force to 

(400 = .45 x 25) = 389, or about 3%, using an estimate of .45 worker- 

years lost per incremental child. Total output would drop even less, 

maybe 2%. Physical saving might then go down by, say (.12 x .02) - .0024 

of total output. The cumulative effect on output of such a change would 

be very small, and clearly it is thoroughly implausible that the birth 
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rate in an MDC might as much as double from any decadal base, say, to 

a plateau twice as high. 

The Effect Through Changes in Private Saving of Physical Capital 

Several kinds of evidence, discussed in Appendix B, are relevant 

for an estimate of the effect of number of children on private saving. 

These include family cross-sections, cross-sections of nations, and 

time-series evidence. One may find support for an estimate higher than 

-1.0, or as low as 0, for the eldsticity of the proportion of income 

saved with respect to a proportional change in family size. Separate 

simulation runs were therefore made with elasticities of -l1, -.5, and 0, 

as follows. The ratio, 

20° 
ie Saw aS 

60 > 
Cy ot Mi oe? 1221 

is computed for each year in each case. For structure I it is .67 for 

each year, and is referred to as W. In other structures the saving ratio 

for each year is 3 calculated as 
= i 

(5) S. = si + Q. ——)where s is the proportion of income saved in 

structure I, and e, is the elasticity of saving with respect to children. 
s 

The Effects of Schooling 

Two aspects of education are relevant. First, more children 

mean higher expenditures on education, which may cut into investment on 

physical capital as well as reducing consumption. Second, if incremental 
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expenditures on schooling are less than proportional to the number of 

incremental children and if there are no economies of scale in education, 

an increased number of children will cause a lower average quality of 

the work force in future years. 

Education is treated in several ways. In the basic model, 

education is ignored completely, and investment in physical capital is 

‘6% in all demographic structures.* In a second model, the level of 

education as measured by expenditures per child per year of school age 

tis fixed and rising at 1% per year, because the annual increase in 

‘average school-leaving age has been of this general magnitude in the 

last half century. In the base year (and also for all other years in 

“structure I) expenditure on education, er O00! is 6% (Appendix C gives 

the basis for this estimate). In ali years 

L K 
Ss. = Se + See 

In each year after t=0 the expenditure on education is made a function 

of the number of children 

L 

Smee a6 test Mie) eo ee s 

where the relationships among the expenditures for various school years, 

ys are fixed according to a crude schedule, e.g., grade 1 = 1, grade 2 

= 1.125 ... grade 9 = 8... The effective labor represented by a worker 

*The corresponding initial capital-output ratio is 3. Runs were 
also made with a savings rate of .12 and K/Y ratio of 4, with much the 

same results. 
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-in any year is the square root of the total amount spent on his schooling 

during his youth.* And the effective labor force in any year, Ri» is 

the sum of the persons of labor-force age weighted by their effective 

labor values 

~1=60 j=20 1 

Be jean yt 426 a,” 

where the subscript j refers to the various years in the past when the 

cohort received its education. Though the following equations show L 

rather than R, the latter should be understood for those models in which 

education is explicitly introduced. 

In a third model, the level of education is not fixed exogenously. 

Rather, the total amount spent on education is made a function of the 

dependency ratio weighted by the relative school-year cost in each cohort 

1=20 i=20 II I 
glow ite tit 4 ae 
t ~ 1560 i=60 

ssn eo) i de2k 4,0 i=21 “i,t 

where the Roman superscripts refer to demographic structures. This model 

suggests that the standard of education falls if the number of children 

rises. Again, effective labor-force, R, is entered into the production 

function in place of L where called for by the specific model. 

*See Dennison (1969) for relationships between years of schooling 

and earnings, the latter a proxy for individual productivity. I do not 
think that Gintis' recent work (1971) contradicts this relationship 

over time. 
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A more refined model would change the proportions over time of 

each cohort getting education and working. But such a modification 

would not be likely to affect the particular sorts of conclusions this 

paper is intended to provide. 

The effect on saving of the social spending for education and 

other children's services is most unclear. To my knowledge, there is 

no basis on which to estimate either the elasticity of spending on 

schools, or even harder, the extent to which the incremental expenditures 

on schools substitute for other social investment rather than causing 

new tax levies. I shall therefore simply assume that the three private 

peging elasticities being tried will bracket the elasticity that includes 

social as well as individual saving. 

The Effect Through the Increments to the Labor Force 

Now let us move ahead to the time when the incremental children 

enter the work force. If the capital stock does not receive an increment 

proportionally as large as the increment to the work force -- or, 

a fortiori, if the capital stock is even smaller than otherwise due to 

a reduction in saving -~- then per-worker output will be lower than 

otherwise.* 

*If the family and society save enough extra so that average 
capital per worker would be the same with or without the increment of 

children, as may be the case with the Hutterites, per-worker income would 

be the same after the incremental workers entered the work force. But 

this. must occur at a cost of lower per consumer consumption prior to 

the years of labor force entrance. 
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The difference in early years between Yoo the "base output," and 

i the output with the incremental people in the work force, may be calculated 

as follows: 

B B Vv 

(6) Y-Y' = AK"L? - AKL + TAL, = BFAL, 

from the rule for the Cobb-Douglas function that the marginal productivity 

of labor equals average productivity multiplied by the coefficient of 

labor (Klein, 1962, p. 94). The difference in per-capita output is then 

easy to figure. In the longer run the "classical" effect of the in- 
rare 

, 

cremental children is given by growth theory. Structures II and III, 

which have the same rate of fertility as structure I except for the 

initial shocks, converge in per-worker income to structure I after a 

period of lower Y/L. Structure IV must have a lower equilibrium rate 

of growth in per-worker income because of the higher fertility rate. 

The above propositions refer to the model in which the effective labor 

force is a function of the number of persons; when education also affects 

the effective labor force, things get more complex. And of course these 

propositions apply only when the rate of technological change is inde- 

pendent of the size of the population; this is not so in the models developed 

here. 

III. KNOWLEDGE, SCALE, AND NATURAL RESOURCES 

The previous section sketched the basic classical approach, which 

suggests that people other than the incremental population would be 

better off in at least the first 20 or 25 years if the incremental children 

were not born. Now we take up the forces that may mitigate or reverse 
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the effect: matural resources, economies of scale, and technical 

knowledge -- or NET for a short-cut acronym. 

To disentangle the three NET factors from each other seems hope- 

less. Rather they must be treated together as a complex, and to doing 

so is a main methodological feature of this paper. To illustrate why 

they must be treated together, consider natural resources first. Natural 

resources might be thought of as‘a third factor of production. 

(7). ¥ =A ae a 

and it would seem reasonable that N. is a negative function of output 

in previous years, perhaps the sum of previous output 

ag t 
(8) oN, ~8CEQY,)- 

Equation (8) is consistent with the static physical point of view that 

natural resources such as coal and oil must diminish over time. But 

the definition of resources by the amount that are “really” in the earth 

is not operational and hence meaningless. What is relevant is that the 

economically meaningful available resources have mostly not decreased 

otiel tame! as Barnett and Morse (1963) have shown. This increase in 

available resources is a function of increasing knowledge, e.g., new 

Ways to prospect for and retrieve oil, new plastic materials to eeneereuee 

for metals, and improved forestry techniques. Seen this way, natural 

rasseeees are not different from physical capital. We may therefore 

think about the stock of available resources at time t as part of the 

capital factor, K, in equation (3), and the future course of the stock 
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of natural resources will be affected by saving and by increase in 

knowledge in the same way as conventionally-defined physical capital. 

Considering economies of scale and technological knowledge, now: 

The two factors conceptually could be separated. One can imagine an 

experiment in which every other person and installation in the United 

States would be removed, holding the stock of knowledge constant, to 

see the effect upon output per worker. But such an experiment is not 

feasible, and the growth of scalé:and of knowledge have been so collinear 

in the past that it is not possible to separate them statistically. 

For this reason, and because of their essential inextricability,* we 

must treat them together.** 

ae For purposes of estimation, one may identify the NET complex 

with the residual left in production-function studies after the effects 

of capital, labor and the amount of education are accounted for. In 

the context of the Cobb-Douglas production function, the residual may 

be seen as changes in A. The problem about whether the increases in 

capital (and labor) should or do reflect improvements due to increased 

*Professor Kuznets emphasized this inextricability in conversation. 

*kDennison's attempt (1967) to get at the effect of scale is useful 
but does not resolve this difficulty, I believe. In passing one might 

note that his estimate of the rate of advance of knowledge alone, is 

"much smaller than the increases in the population..., [which] implies 
a declining per capita contribution to knowledge" (1962, p. 237). In 
the context of this paper, it should be remembered that such advance in 

knowledge is only one of the sources of contribution to the NET complex. 
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knowledge is critical here, but we shall merely look the problem in the 

face and then pass rapidly on. One source for an estimate of the growth 

in per-worker output due to the increase in otis Sha scale, 

including the effect of natural resources, is Dennison (1967), who 

estimated the effect of elements roughly comparable to NET. For the 

period 1950-1962 for the U.S., Dennison estimated yearly growth of .76% 

for “advances in knowledge" (which excludes the effect of education on 

the labor force), and .30% for “économies of scale" (1967, p. 298), for 

@ total just over 1%. For Narthwest Europe he estimated .76% for “advances 

in knowledge," .56% for "changes in the lag in the application of 

knowledge, general efficiency, and errors and omissions," and .41% for 

economies of scale" (pp. 287 and 300), for a total of something over 1.5%. 

Solow's estimate for the U.S. for the 40 years from 1909 to 1949 is about 

1.5% per year (1957, p. 316). Solow also adduces, though "not really 

comparable,” an estimate of .75% per year from 1869-1948 by Valavanis-Vail, 

and Schmookler's estimate for 1904-13 to 1929-1938 which (though 

including agriculture) was of similar size to Solow's estimate. The 

model will be run with estimates of .5%, 1.0%, 1.5%, and 2.0%, to bracket 

any likely values. 

The NET element is introduced as follows. If an increment of 

workers increases the work Petae by 5, one would expect that the NET 

residual which would otherwise be .01 would henceforth be (.01 + .01A) 

each year. But an increase in the knowledge component of NET does not 
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result in an instantaneous increase in productivity; rather, the effect 

of much knowledge is substantially lagged. The extent of the lag in 

the application of knowledge is an important empirical question concerning 

which I know of no evidence, though it would seem that the length of the 

lag is decreasing. Let us suppose that the present mean of the lag 

distribution for the NET complex as a whole, for an average cross-section 

of workers, is 5 years. This means that we can date the first increment 

to the productivity residual at 5*years after the incremental workers enter 

the labor force, with an additional increment to productivity in each of 

the following 40 years until five years after they retire. In the 

context of the model, the increase in A from year to year is proportional 

to the size of the labor force. This mechanism is calibrated so that 

the labor force at time t=-5 in structure I produces an X increase in 

A. in year t=0, where X is whichever of .005, .01, .015 or .02 is being 

tried in that run. That is 

AL - ALL 
t 1 

where b is chosen so that | = (1 + X)A. 9 in Case I. The adjustment 

constant b is then used in the other cases. The point to notice here 

is that the NET additions, knowledge and economies of scale, from an 

increment of workers are cumulative. 
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IV. THE SYSTEM AS A WHOLE: A NUMERICAL MODEL 

Before embarking on discussion of the dynamic model, it may be 

-useful to show some static partial computations to illustrate the main 

forces operating. Assume that in the year t=1l, and only in that year, 

the cohort of workers aged 21 is larger than in base case I, and hence 

the work force as a whole is larger than it would otherwise have been. 

Assume also that $ = 2/3 and the base yearly increment due to gains in 

knowledge is 1%. If one Bae TE SEER separately the drop in per-worker 

product due to the NET effect as an equation 9, in the year t=5 -- the 

first year in which this cohort's NET contribution is felt -- the down- 

ward push from the former effect is 32 times the upward push from the 

latter effect. But in year t=6 the drop from the capital effect is 

only. 16 times the rise from the NET effect, because the incremental 

workers have now contributed two NET increments. In the year t=7 the 

ratio is 32 to 3. In less than 32 years the two effects would be roughly 

equal, and product per worker would be about what it would have been if 

the incremental workers had not entered the work force. From then on, 

product per worker is higher than it would otherwise have been. 

Now let us consider, instead of this partial paleniaeiods a 

dynamic model composed of the relationships described earlier in the paper. 

To recapitulate, the equations and the parameter estimates are as follows. 

First the production function, equation 3, where § = .67 and a = .33. 

Next the net investment function, for simplicity a proportion of each 

year's income, where c = .06 (.12 in some runs) 
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(10) K = K «= cY -. 

The model begins in each case with Lio = 1 and K=0 = 1. A._o is set 

at 1/3. Separate runs were made with the savings elasticity at -1.0, 

-.5, and 0, and both with and without the adjustment for the parents' 

labor-force effect. 

The full results for many variations with the basic no-education 

model are shown in Table 1. Summarized selected results from no-education 
. ae: 

and education models are shown in Table 2. The rates of growth from 

period to period will not be shown for other than the basic model; these 

“absolute” results were quite unrealistic because they were run with 

the same Cobb-Douglas exponents and other parameters as were used in 

the basic model, and more realistic models would require that these 

parameters be different when education is handled differently. But the 

relative values among the demographic structures can be meaningful, and 

are shown as percentages of the base demographic structure I. Also, 

uu only the runs with the “conservative' (i.e., biased-downward) estimates 

of the NET effect will be shown. 

TABLES I and 2 
1. The most important outcome is that under every set of 

conditions, even including all the runs with a base level of AA as low 

as .005, structures III and IV with more rapid population growth came to 

have higher per-worker income than structure I before the end of the 

simulation in year 160. And in every run, structure IV, which reaches 
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Table 1 

Output per Worker, Initial Capital-Qutput Ratio of 3 and Initial Physical Savings 
Rate of .06, Labor Force, Not Adjusted for Parental Effect 

Run AreQ Gc Case OO. 3105 205 30 405.5 50 60 70 80 90 100 
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71.015 :550 4 33 9.39 .46 9655 «62 «84, 4.05 2.33 1.72. 2.21) 52.88 
1.020 50 a: 33 B2 152, 1264 6798 697% 4.19 9) Abe Ie t6n. 2.12) 22.56 
1.020 ..50 2 «33, 942 «58.9566 %8251.01) 2.24 1.52 1.85q42.245 22.70 
1.020 .50 3 33, pae-— 592.9562 2.76% 96) 2224 2.89: 2.21462.71) 23.43 

8 1.020 .50 4 «3a (4% .50 5563 280:1.02' 1:33 2.73 2.28)53.02- «4.01 
1.005 0.00 1 739) [036 239 5643 2476 «52; 9257 +62 , 6694, «76 84 
1.005 0.00 2 33 36° 259, 4543 247) 1526 857 | + .63,- 6959 «76 85 
1.005 0.00 3 +33 3596 239 nc41l «46. .48 © 254 62 flee 282 94 

9 1.005 0.00 4 «33 JsoS5 «37 9540 344) 2495 5555 4.63 <«d3¥p «85, 52.02 
1.010 0.00 1 -33 38 «44.9350 657) «66, 9576 «6.88 1.01,,1.17) 21.35 
1.010 0.00 2 oad 4250 046.0550 3578 .66', 376 §.88 1.02) 1.18... 11.36 
1.010 0.00 3 o3S feS8 248.7248 S55) 2.631, )575 *.91L L.TEYS13356, 12:63 

10 1.010 0.00 4 saa - Rad? 42,0948 £56) .665.9579 6.96 1.79801.48), 31.87 
1.015 0.00 1 e353 §s40 <48,0657. 468? .815.7597 11.35 1537461.639 62.93 
1.015 0.00 2 «33 640 48.0257 6B) .629.7997 . 2.16 1.38991,646 71.94 

> 1.01520.00 3 33 Ase «48,7055 s6R: 279°, 2597 2.24 1.56911.949, 72.41 
wT .1.015°0.00 4 sao) S258 .46,0855 .. 867) .83).22305 2.33 15719°2.215,52.88 

1.020 0.00 ab 3a, One) .52eReGe $798 .972,1219 21.45 12765%2.1329 22.56 
1.020 0.00 2 ~Someees2 e2520n26411 790 SOB LelSp A e46n0 277i v20dde 62.57 
1.020 0.00 3 edo? 1942 1252 OV6260576 1) .95 whe2leel. 56002604 12.60% 93228 

12 1.020 0.00 4 saat © .41a0650 *.63), 8012.02! e212 32)01673 62.28. 3701 4.00 



iF hh im Tha! (\ 1) en a 

I older 

oo) a “oe! | On oe “os. a i 
AG. BR RA RB. VES Re tas ea. CE, ab, 
ry ae. Pee Pane <a) <P Yau Se Su 2, 

oe a: Se ARM. a em a me) eA oP 
Og aa, on EX £9, , Regi } Rb, Ma OR! ey Ze, i 

REL, CEE FO OG) BN aR SE OR. Ok. Bten 
CO.£ O80 (Gfsk 8@.  86,, (On! 08, Se, RAL CES 
av ab pa, t f &i ‘a ae, , Tv \; é3, roan SAD fh i Be. 

88.0 “PALL ey. &! ag. og Ce 33.) (8. BA, Shy LS 

ECL 800 CEL Shets 8Oy 2B. BB, Ney) BAL Gan: 
SE.Q--Qet 06.2 QS.£ POLL NB. SY. Ot, CA. tA, 
fa.% ; 20.8 ul d@.L OE I. MO.L., IB. CL ; 22. 82, % OA, 

88.6 E88 INE COk ZOE OB, TO, Fhe) Od. RE,’ 
OER SES OTL 2hL CELL (VO. OE.) HOn. SE. SAS. 
€6.5 PES EOL BEL OSL BOE 08. TO.) OL SR REL 
T2,8° £818: OE,8) NOL aRil XO. 8Ea Say, Ks oe See 6B uy) 
S6,% SO.E 89:8 At. CE.L 90. t OB 88. ORs by, BES 
ABs | BT OB Ba BE gee ee el RE. 8Es | 
88. OB. SY. 23. 2. . £8. BA. dd, OB. ae. 
Be). : 28, mr 2) wap fay He co Pig Oh, Me fda DA, “OE, 

SOE 2B. BN. G8. © SAL RAL, OB, MIRE jeg) A 
26-2 CEE 0.0 88. Ber, DOr Key 08s, be BE4e 
SAcE O80. BOL SO. OF e BO. BES TEN OR BELs 
Qd,f -OB.E 20. O8... atLy O8. 2@, Ba.) ads BEL 
A 4 BA, Ls ie LE de. ner @ ly. ad. i O24.) Bb. SA, st 

ECL) SOL CEL SEE. CQay HBL BR. Kee Bea Ob, a 
E02 I0.f OO.£ 18.0 L014 38. OX, BBy, BAL OBL 
FES) SO.Se LOL Sek VB) i OBy Ble, SE Be: Oba Lk 

RBS, 16.8) WUT CELE. CO.) OB, NO. GB Bay! BEL 
RES SEE OTC Bie L Chk Fey, CN a Mia RAs ciSBy 

Ov.f aS-8 (26.8 Sé.0 0 - to ROE 98. 88s 8A Shy: 
Chy€ AVS L208  €8.0 ASE 8B. | ATy. BOy, 88. Se. 
10.6 $Oe B.S ENE EBL, $0.0: 08. £80) 02. Bb. 
$8, oy. “@9. Sd. té. te WA. es, e. Py 

28, at. ee. ; £0. v2, ieee a, Eh, ee. at, 

do, <8. It, ‘ £6. de pe } i Ab. bd, ie 8. eeu. 

SO.2  28.. 65 0 OG. @t.> BAL Ba, BAL, NE.) Ce, 
22.6 NLL f0,0 88: 1.8%, 88. Ney OR, AR BE. 
O8.F BEF SOE BB, OTe) OB. NBe! 08s Phe WOR, 
CE ee Lo KEL ER. RS y. ue. See, Oe eee 
OL BAL ORE BR. RT, Be) BEL BRL SAY) VEgil 
GO. '80.5 VEL cht Ve, / 08, 88. Xe.) Bee ORF 
b@.t dot GE ,.2 at AF Te, $3. \ 8a. nt Bk Ob, i a 

MAS MRL BSL ORE FR Rh. ea So ee 
B88 £858 ATL, CEL SOLER. TOn CE lebar) CEs 
tort eS Oe 2 ea 
T2.2. OLS NTE Oh O60 8@. OR ORR. Rea ea 
GS.€ O88 60.8 82.2 £8,020, Ot, Sb.) SEy  Sbeeee 
OO. £0.€ O5.5° EC.£. SE,0° 80.2 08, OR i0Rs tac 



Table 1 

(continued) 

Run Arag e. Case 110 120 130 140 150 160 170 

005. 1.00 sf .94 1.05 aban ly 1.32 ube Ay 1.65 1.86 
BOOS ucwkcOOv sn 2 aa uekielSe | bel 0) Gul hAeew. 1.62.) 83.) 2007 
005 1.00 3 5 DR as Tee 

oe2.005 1.00 4 Hay (ass tiene .eeas. 25950 8 Sy99" meee 
1.010 1.00 1 S57) | ace p10" 8 Dans "ho g2 3.97 "S279 

melo 1.00 2 Heyes) S60. watse | piso. 3g. abs) a al 
910° 2200 3 eine a icge\@ aings 3 iggh Ya dow 5.34 het do 

PPPNP OYO “1.00 4 S40 Ascoae)” ato9*” 521 96.82" ("8.99 | eas 
= a015 1.00 1 goog) akeg he 5 iia V2 sigs Fay BUS 39. FE TG 

Ps 1.00" "2 Sena ovoRy Th aaes G17) at S98. aU 
1.015 1.00 3 Aeon. sooo 4laz % Sigg t! 7 a7 e.g, “do. 47 

Pets 1.00 4 ao7e “aroes" Gssov) aa74 (11.63 ts.51, 26.72 
ma an20 1.00 1 R07, s6ae giggn™ 5ia5 + 7%G.20 8 8) ge. Sigh 7a 

run 1.002 eee ahd a URG” SES” 6cda” = G6 o 9 6 
17020°"2.00° © '3 ao 5esa>*? Glog! Bing 10.95 92.56. a t7 

mR onti2090"" 1.00°° 4 Bags, | ps i" od57 Waotes +N ise "25.09 Ge.as 
coos  =.50 1 304..  #los* Vas ier  ad7 P65. | Fane 

{065° "50° 2 A Dads OP 0 MO, a <= i a aly amis BC 
¥.005: {30° © 3 wept, aaa te G pist iP says 1 .qp°* 5.34. 95.96 

geet geass 50° > 4 eer tact Oy Jeg! 9493 1 Po.gs 9S. 76 4Oalae 
erro” § 50 1 peee ee P oto a3, 829°" 3.27 "9.79 
ee ne 1:65 2.91 2.92 “Ba57 2:66 3:86 “402 
2 G1G4-—50 ) 3 7.06. 2266 2395 3552 420" 4.89 S.92 

cematge- 150 4 3.39 3,08 3:99 5220 6.82 8.97 “12.86 
er vaaeTS 1.1500, <1 Ao 9.66 » S58 34575 \ 4.62 5,46 16.20 

Ps 50.2 DBD ea DB Bes wg BGin ine BD Pome ro SD OES 
1-015 ....50) 93 Ay” SBily 48.266, 8 \5e65.4..0 6.84 1. 8.29» AgnG7 

el Oe 5.77) @e87is 06.58.06 Bard . S282) .05.48 120468 
"E020 «650i 3.07 368). 64199 WY S23) 016022) 7.38 BETS 
1/020. ..50. 2 2B ak SER awl dG Sine SigSrue. Gc BO sete Sr—r ioe. 
$2080 « «50+ 3 BQO 9 5e955.456.60).6 8.09 4.69.665. 01.96 114.43 

coe o 250 | & 5.44 eda 9.56 OM2081 27.19% .-29.08 | 30.00 
3-005 0.00 1 Gf “IwOS) W117 o4ls8l (68.07 4 Wk6S 4 dees 

1.005 0.00 2 94 EO 5 es By) Asal e477 1.66 Lee 

7.005 ~ 0.00%, 3 OG eS) W165 9 0.67 4.061.924. 02.22. eer 
1.005. 0.00 4 1293 “ASO, 1 2586 9a 2663 42.94 +" 8.76 y ae 
mG «896.00. 1 2.57  EeS0l) g 210 oh 2443. 92.82), 43.27 5, 3579 

1.010 0.00 2 Tey aan eM RN A | IR» URE 
030% 6.007 .3 1506, | 2605.) 02-80 0) 3.35 4.03.90) 1.04.70) 2U SRL 

es 1.010 «0.00... 4 220. 3.07) 53.98 665.09 , 06.8 8.96 11.84 
Pore os 6.00. 2 PO ees SR ee eS yaaa 5. 6.10 

ots 0.002 ag D7 ao”) Bia 4.68 502k G.I 
: 1.015 0.00 3 207 365 6043) 5037 6:48 7.80 "9.34 
me. 1.015 6.00' 4 5.97 AiG Gar «6. Gav E59 546 20.65 
= 7.090. 0:00. 1 Ben anne. muag Gea) boo ae: | Be 

1.020 0.00 2 AIOG aOt iel 52S . miGede ws Adeak 4 Sale 
eee Oe a WG SION A Be a, 2267 ns 3h. (2-32 13.65 

i>’ 1.020 0.00 4 S54 Fei 956.2279 76: 25504 30,95 
NOTE: It is only in this model, and only in the high-savings-elasticity runs of this 

model, that Structure II differs from Structure I as much as it does. In the madel that 

is identical except for K/Y = 4 and S = .12, this effect did not occur. The explanation is 

a puzzle, but an unimportant one, and does not seem to suggest any systematic error. 
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Table 2 

Summary of Results of Selected Models 

in all runs, initial = = 3, initial So = (K -O6Y,, and elasticity of pa “eo? 7 

saving (e.) = .50. The results shown are per-worker incomes in demographic structures 

II-IV as a proportion of 2 in structure I in the same year. 

Year in whic 
t=0 t=20 t=40 t=80 t=160 | crossing talk 

place 
‘Basic NET feedback model, no al- diag flee) 0 210 1.04 1.06 

lowance for education initial 1 Bat a Weta) U0 93 1.06 1.42 | 60-70 
AA = 1.005A 1.0 9 93 1.06 2.28 | 60-70 

Same except initial AA = 1.01A 0 1.06 
1.37 | 60 
2.74 | 50 

No NET feedback, no allowance for 
_*veation, AA = 1.01 throughout 

NET feedback, level of education a0 
fixed exogenously and expenditures III {1.0 70-80 
on education a function of number’ IV /|1.0 80 
of children, 

K L 
c.=-5, + SF PS Y = £(R), 

A= £(L), initial AA = 1.005A 

Same except initial AA = 1.01A Il 
Til 60-70 

IV 60-70 

Same except Y = £(L), A = £(R), Tr, 11.0 
initial AA = {.01A Te ee 70-80 

£V 1150 70-80 

Same except Y = f(R), A= £(R) Be Os Ale , 
initial AA = 1.01 IZI j1.0 ‘ 60-70 

I pie 50-60 

NET feedback, level of education II {1.0 } 1. 
an inverse function of dependency III |1.0 90-100 
ratio weighted by relative school- IV (1.0 100-110 
year cost 
Y = f(R), A= £(L), initial 
AA = 1.005A 

Same as above except initial SEE VLD 
AA = 1.03A , EET 11.0 80-90 

Iv /1.0 80-90 

Sane as above except 15 | (3 BAT 
Y= £(L), A= £(R), 4A = 1.01A TIT 11.0 70-80 

Iv |1.0 70-80 

Seme as above except PEt .0 
Y = £(R), A= £(R), AA = 1.01A EEE {2-0 80-90 

EV) 50 70-80 
ee 
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a labor force (in millions, say) of 23,769 in year t=160, has a higher 

per-worker income than structure III, which reaches a total labor force 

of 7,346 in t=160. (For comparison, the labor force for structure I in 

year 160 is 4,913. In all structures the labor force is 1000 in year t=0.) 

These results may be compared with the classical growth-theory results 

seen in the third block in Table 2. 

The mainspring that produces higher per-worker income with higher 

population is, of course, the element that makes the rate of change in 

the productivity coefficient a function of the number of persons in the 

work force. One might argue that this function would in the foreseeable 

future be even less than .005,or negative. But there seems to be no 

warrant for this argument in conventional studies of growth of national 

production using the GNP concept. 

The higher the base rate of productivity change, the greater must 

be the relative final advantage of the cases of faster population growth, 

and the sooner the high-population-growth cases overtake the base case. 

And one sees that in run 1 (Table 1) of the no-education nodel which 

has the base A equal to 1.005 and elasticity of savings of -1.0, 

structure III overtakes structure I between periods 60 and 70 and 

structure IV does the same. In otherwise-~similar run 4 where the base A 

is 1.02, structure III dudreaies eitnceute I in period 50, and structure 

IV overtakes it between period 30 and 40. 

2. The effect of incremental children on savings can have sub- 

Stantial impact on the results in structure IV. In the no~education 
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model with Ss. = .12 and K/Y = 4 (results not shown) by year 160, the 

comparison of the ~1.0 savings elasticity with the zero elasticity shows 

such ratios as 3.65/4.42, 8.94/10.94, 15.59/18.93, and 23.36/28.38, all 

a bit over 4/5. The -0.5 elasticity produced results roughly in between 

the zero elasticity and the -1.0 elasticity. For structure III, however, 

the savings effect is very small relative to the differences in Y/L 

between structure III and structure I. On the other hand, the effect 

is less when Ss. = .06, as may be expected. 

3. As seen in the comparison of structure III with structure I 

in: the runs with and without the labor-force adjustment, the effect 

through the parents’ labor supply of incremental children after the 

first child is quite insignificant, just as preliminary calculations had 

suggested they would be. In no case was the relationship between struc- 

tures I and III as much as a quarter of a percent different in year 160 

between the runs that were and were not adjusted for the parents'-labor- 

force effect. Hence only the runs without the parents'-labor-force 

effect are shown. 

4. The time required for ¥/L in structures III and IV to over- 

take Y/L in structure I is generally longer in models where expenditures 

on education affect physical saving, even where education positively 

influences both R. and AL. But chis is not invariably true, especially 

for structure IV where the labor force always has a younger average age 

and hence may have a higher average education than in structure I, 

because of the secular growth in education. 
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V. SUMMARY AND DISCUSSION 

1. Increases in productivity as a result of increased scale 

and of knowledge caused by increases in population were added to a 

simple classical model of an MDC. Under assumptions about the parameters 

that I hope are reasonable, demographic structures with larger rates of 

population growth, after initially falling behind in per capita income, 

usually overtake structures with lower rates of population growth in. 

much less than a century, less than half a century in some cases. This 

outcome is a step toward quantifying Kuznets' reasoning about the role 

of knowledge in modern economic growth. 

2. No distinction has been made between market-induced and 

market-autonomous productivity increases. One reason is that the variation 

explained by economic incentives that induce innovation is much greater 

within a given industry than within a society as a whole; the reward 

structure has more influence on whether an inventor works on airplanes 

instead of railroads than it does on whether he innovates or does not 

innovate at all, it would seem. Another reason is that the incentives 

are endogenous, and hence are most easily treated as innards of the black 

box that is considered here only in its over-all shape and behavior. 

3. Some persons will criticize this formulation of the NET 

effect on the grounds that the past rate ot increase in knowledge, 

economies of scale, and productivity may not continue in the future. 

Perhaps. But, even if so, this formulation should add to our understanding 
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of the growth of population and per capita income in the past history 

of the U.S. and Western Europe. And for at least a short period in the 

future it does not seem unreasonable to project the long term trend of 

iie*aast. Farther into the future we must bring other arguments to bear 

to help us decide whether the growth of productivity will be faster or 

Slower than in the past. The same criticism may also be made about 

Natural resources in the PHicurelteten the same response. 

Some writers have argued that there are already diseconomies of 

scale operating, pointing out that traffic jams and other congestion 

phenomena increase at a faster rate than the number of people involved. 

Whatever the truth about the effects of scale in various separate aspects 

of the economy, it seems to me that the overall measure of the NET, the 

increase in productivity, is the most meaningful economic measure. 

4. The physical capital-output ratio is falling over time in 

the U.S., due to the shift to tertiary activities and to the discovery 

of better ways to make capital equipment. But om the other hand, the 

social cost of schooling will rise in the future. So on balance one 

does not know whether the social cost of an incremental labor-force 

entrant will fall or rise in the future, relative to his earnings. 

5. The difference in effects of population increase in less- 

developed and more-developed countries comes out sharply in this analysis. 

Productivity per worker does not grow much from year to year in many 

LDC's, and hence the residual is small. This implies that an increase 

in workers will not increase productivity per worker through an increase 
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in knowledge. This conclusion is made even stronger by the fact that 

a considerable portion of the increase in knowledge operative in LDC 

productivity occurs outside any LDC, and is rather independent of the 

size of the LDC work force. _ 

6. The dependent variable in this work has been output per 

-worker measured in conventional national~income terms. If such amenities 

as space and purity of the environment were included in the measurement, 

_the results might be different. “(Please note, however, that the effect 

of added population on some amenities, such as variety, may be positive.) 

Perhaps the most reasonable way to handle the problem would be to deduct 

. for the hypothesized costs of maintaining a constant level of such 

amenities. But this is quite beyond scientific capability at the moment. 

There is no reason to believe, however, that such an addition to the 

reckoning would change the relative results of population growth, because 

there is no reason to believe that at any given point in time there was 

- or will be a reversal or major change in the trend of the effect of added 

_ population on such matters as space and pollution. 
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Appendix A 

ESTIMATE OF THE EFFECT OF INCREMENTAL CHILDREN ON LABOR 

SUPPLIED BY MOTHER AND FATHER 

First let us consider the effect of incremental children on the work 

supplied outside the home by the mother. The basis is the body of work on 

the U.S. Census of 1960 by Bowen and Finegan (1969), Cain (1966), and Sweet 

(1970). The effect is greater in the years right after the children are born. 

By the time children are 12, een is no observed difference between the labor- 

force participation of the incremental mothers and of matching women who did 

not have the incremental births ~ due surely to a trade-off between the labor- 

increasing effect of a greater "need" for money, and a labor-reducing effect 

of the continued need for care by the child. There may also be a negative 

effect from decay of the woman's skills while she is out of the labor force 

for one more baby. 

To obtain an order~-of-magnitude estimate for use here, assume that each 

woman will have at least one child in any case, and that each incremental 

baby means that the mother will for two years more than otherwise have a¢hild 

under twelve. Hence for two years less than otherwise she will have no child 

under 12, the child's age at which labor-force participation ceases to be much 

affected by the presence of the child. This means for each incremental child 

two years ey ee force participation at, say, 15% rather than the same two 

years at say, 42% labor-force participation (Sweet, 1968, p. 99). About 2/3 

of all women who work are full-time workers, and we shall assume part-time 

workers work half-time. Rough calculations then suggest that an incemental 

baby results in an over-all loss of 2(.42 - 15) (2) = .45 years of work, or 
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Appendix 4 2, 

-225 of a worker "lost" to the work force in each of the two years after an 

incremental baby is born. 

Another approach is to figure that women with children under 6 work an 

average of 5.6 hours, whereas women with no children under 18 work an average 

of 15.5 hours (Sweet, 1968, p. 130). This suggests a loss of a total of 10 

hours' work a week for two years, or again 2 x ie = .45 years of work. 

The over-all effect computed here may seem to be small. If this is so 

it is largely due to the aeeungtien ~- reasonable, in my judgment, given the 

present incidence and trend of childlessness in the United States - that women 

will have at least one child. There is a very big difference in the propensity 

to dae of women with no and some children, and much less difference among 

propensities to work of women with different positive parities. And even 

this estimate probably is biased upwards, because some women choose to have 

more children on account of an already-made decision not to work rather than 

vice versa. If so, it is wrong to interpret the observed difference in labor- 

force participation as completely caused by the number of children. Sill 

another reason why the true net negative effect of children on women's work 

is probably less than the estimate of .45 work years per child is that women 

who work often employ substitutes to do mate domestic chores. 

Now we move from the mother to the father. The positive labor-force 

effect of additional children on men, and also perhaps on some groups of women 

whose children are 12 or over, receives less emphasis than the negative effect 

on women, perhaps because the linkage seems less mechanical and more psychological, 

being a shift in preferences concerning work. Yet Bowen and Finegan's work on 

labor force participation is shot through with examples of "need" increasing 

labor supply, e.g., the strong effect of husband's income on wife's propensity 

} 
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Appendix A 3. 

to work. Another exampleof the effect of changed need is Clark's finding 

that the greater the war damage a country suffered in World War II, the higher 

its rate of saving after the war (1967, p. 268). The fuzziness of the phenomena 

that cause a positive effect here should not lead us to downgrade their 

importance. . 

From the 1/1000 1960 US Census tape I regressed men's hours worked per 

week on the number of children men have, holding constant with sub-classification 

and multiple regression the mens’ education, race, age, occupation and residence 

area. For white men an additional child is associated with approximately .2 

additional hours of work per week. If one assumes a 44 hour week and 25 years 

of work after the incremental baby is born, then = x 25 %.10 additional work 

years result per child. This must be an understatement of the effect, however, 

because of the bias introduced by the error in the dependent variable. The 

error in the male-hours-worked estimate due to the variation from week to week 

in hours worked must be considerable, which would cause the regression co- 

efficient to be biased downwards. 

Other relevant evidence comes from moonlighting. According to Guthrie's 

summary of the literature (1966), during the years when men have young children - 

between the ages of 24-44 ~ the rate of moonlighting is relatively higher. 

And the incidence of moonlighting among a sample of army men is strongly 

affected by the number of children they have. Crude calculations on that 

data indicate that an extra child is associated with an increase of about 

1/400 in the amount of moonlighting work done each year by the child's father, 

or about a tenth of an hour per week on the average. (It is also relevant 

that almost three times as many moonlight jobs than regular jobs are self- 

employment. Such enterprise must be good for any economy and society.) 
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Appendix A 4. 

Despite the above additions and qualifications, the model uses the 

"conservative" estimate derived from the 1960 Census data tape of .2 hours per 

week more male labor per additional child for 22 years after the child's birth, 

or a total of .10 additional work years per child. 

To summarize,)the loss in women's labor is a total of .45 years and 

the gain in men's labor is .10 years, a difference 

of .35 man years. However, the losses through the mothers occur at an earlier 

time than do the gains through the fathers. Hence the net loss (if the 

estimates are right) is greater than the difference of .35 man-years suggests. 

As seen in Equation 4, the parents'-labor-force effect is introduced as 

follows. By the reasoning given earlier, for each baby born, .225 of a worker 

is lost to the work-force for each of two years. Therefore, .225 of a worker 

is removed from the model's labor force in the first and second pears of each 

ineremental child's life.* Each father is estimated to offer .25% more work 

per incremental child, or an increase of .0025 of a worker, and hence that 

much work is added in each of 25 years following the incremental child's birth. 

* the labor force in Case I, year t=0, is assumed to be composed of 66% men 2~* 
34% women. 
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Appendix B 

ESTIMATES OF THE EFFECT OF INCREMENTAL CHILDREN 

ON FAMILY SAVING AS A PROPORTION OF INCOME 

1. Family Budget Surveys. 

Budget surveys over a cross-section of families are one source of 

evidence. Typically, families are classified by income; within each income 

bracket, family size is the independent variable and savings the dependent 

variable. Brady (1956, reviewed in Coale, 1960) examined six surveys over 

sixty years in the U.S. She concluded that the elasticity of consumption 

with respect to family size is 1/6. If one assumes that the marginal 

propensity to consume is .88, her finding translates into an elasticity of 

-1.2 for saving.* 

Eizenga allowed for the effect of age and income with a technique 

of "multiple standardization" before estimating the effects of family size 

on savings from family cross-section data. He estimated that in 1950 savings 

would have been about $31 less if the family had 5 children rather than 4, and 

about $50 less for the average family with 6, 7, 8 or more children than for 

the family with 4 children (1961, p. 90). Relative to per-family income in 

that year, these amounts do not seem large, from any point of view. These 

estimates may be biased downwards, however, because of the nature of the sample 

(the Consumer Expenditure Study of 1950).** 

*That is, if a 6% increase in family size produces a 1% increase in consumption 
ae to .89, the reduction in saving is 1/12 or about 8%, and elasticit; 
is 8%/6%. 

**Consumer surveys must also contain an upward bias because they customarily omit 
- gocial security which - like pension-fund saving - is fixed outside the family 
independently of the family size. 



Lge ebhvocya se eae } sal bs b i" 

USED asaanczon cto To HO eetwates | 

, nN 

ep. 

ri ak evevim ce ee : 

to so1we2, on0. ) 9s aot tine to no.bebbestsorm 8 910) eyevere 

enoont dbase aitgiw jement yd holtteeato eva solttne’ “lleokeyt % 

Snokseqeb ett eave bes aideltay dnobmeqebnt ett ne ante hb togud 

eee eyortay xte bontmaxe (O32 veined at beyolver ,8Ct) Bexd be ay os i 

ap biqentenas Yo wialteale add tads bobsfonoe, od@ 2.0 ent at ne % 

fenkginm edd tact vemveca ono tL O\E ek ‘oats efbast of to a 

~ Yo Wiotieale | ‘sa otat aatalanett patent rod Saad * emanco ot wk ui 

- a ods “vantvea 20% Vs 

“pypdarioad ‘2 ditty emiont Stn ton to Sots et ot Dr neat” 

ents yLims? ‘Lo atoutte adt gubisniieo eroted “nods ssibrabaste mee Sue 24 

canis OVOL mt sedd botantton et ate nattooe-eaote elma? mor? $i 3 

bus 4 aadd seddar nethttde 2 bet yLimet edt 2 anal 16¢ diode maed ora | 

et madd nethiido wom to 8 FT 3 dtbw ylinat egesors wit 70% etal OF # 

at emoont yLinei-r0q of evidalell (G2 «q ,LORL) mothitdo 3 on dal 

oeedT waky 2 dntoq yu mort oyral ness Jon Ob as nasome gent: aaa 2 
‘af 

aie aaa « % etden eit 16 sausoud sevownd , alyzaverwoh boaoid od vant 

°c se mn ae 
; a y oa 

See patent 15h 

noicqmeerioe at oxsetont Rf 2 siete: esis. tna’ a caliaitec ». 3 3 rr 
“*todsesfo brs 26 tueda <0 y SEAL ef ynivae Aa notsouber, PS bo o 

f fox : 

timo yLiramotero yodt sauaoed enh brows fie. oiacaoo oats eum eyersae + 
yLimet eit ehieduo bextt ef ~ gutves tala elit - 7m . 

ae ar 



Appendix B.2. 

There are several reasons why the relationship between family size and 

saving observed in budget surveys may not be causal or meaningful for purposes 

here: 

a) There is a statistical reason to believe that the observed relationship 

between family size and saving is not causal. Consider now the relationship 

between income and family size. In heterogeneous groupings such as the US or 

another country as a whole, the relationship is inverse. And the relationship 

between current income and proportion saved is positive (e.g., Friedman,1957). 

Therefore, the simple correlation between family size and proportion saved almost 

inevitably is negative. 

But within a much more homogeneous group of people, e.g., a group 

defined by income, occupation, urbanity offresidence, and age, the relationship - 

a much more "partial" one than in the heterogeneous case - between income and 

fertility is observed to be positive.” Would it not be reasonable, then, to 

expect the negative relationship between family size and saving to disappear, 

and perhaps a positive (but also non-causally interpretable) correlation also 

ee) ce go} to appear in such a group? And it certainly seems reasonable that the approp» | 

context in which to think about the effect of children on family size is the 

homogeneous group ~ that is, with all else held equal ~-because it is rather 

unlikely that number of children is an important causal antecedent to changes 

in homogeneity of groups with respect to education, age, and so on. 

b) If more children cause higher absolute income - as they may after the 

first few years after a birth, as the father's labor effect dominates - the 

proportion saved in the budget cross-section is biased upward. 

*For the US see Ruggles and Ruggles, 1960; Simon, 1969; Willis, 1969. 
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Appendix B.3 

c) Within cultural groups there may be something analozous to the 

"common set of factors residing in the political and social institutions 

of a country and in the views governing the behavior of its inhabitants 

that] determines both the economic performance and its demographic patterns" 

(Kuznets, 1965, p. 29). To the extent that this is so, one should not interpret 

the observed relationship between family size and the savings ratio as a 

causal relationship. 

d) Budget surveys are unlikely to capture the effect of the birth rate 

on business investment, either by.family entrepreneurs or by incorporated 

businesses. The increase in total output due to the incremental future 

workers raises the expected return on investment, and hence brings some invest- 

ment projections above where the cut-off would otherwise be. 

Cross-National Comparisons 

In a cross-section comparison of countries, Leff (1969) found the 

elasticity of saving with respect to dependent children to be - .43 in MDC's, 

when controlling for per capita income and other variables. Lleff's method 

is unexceptionable in itself. But it is well to keep in mind the contradictory 

results obtained by the several international multivariate cross-section 

Studies of a related matter, the connection of income and family size. 

Some studies have found a negative coefficient (Russett et al., 1964; Adelman 

and Morris, 1966; Rao and Dey, 1968), others a positive coefficient 

(Weintraub, 1962; Adelman, 1963; Heer, 1966; Friedlander and Silver, 1967). 

Hence any single study of this sort should be treated with caution. 

Long-run Time-Series Evidence 

The notion of an inverse savings-family size relationship receives 

no support from the observed sharp decrease in family size in the U.S. in 
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Appendix B.4. 

the last 100 or 50 years, without secular increase in the proportion of saving 

to income. But because so many other things also changed during that period 

of time, it would be most unwise to interpret these data as showing that fewer 

children produce less saving. 

In historical perspective, too, one might expect the relationship of 

Savings to family size to change as a country becomes more modern. New needs 

for saving arise and oid substitutes for personal saving disappear. Contemporary 

middle-class families feel a strong need to save for the college educations of 

their children, and an increase in offspring might increase saving on this 

account; casual support is provided by the behavior of life insurance salesmen, 

who descend upon families after marriages and births. Furthermore, the 

additional children are not thought of as reducing the parents' need for 

retirement saving, as in pre~modern times. These are two strong reasons to 

expect the savings-family size relationship to be more positive in richer, 

more modern economies than in poorer situations. 

Other Considerations 

The aspect of savings behavior in connection with population which has 

caught the interest of most theorists (e.g., Cassell, 1932" }helps, 1969; 

Kuznets, 1960; Meade, 1955; Modigliani, 1965; and Phelps, 1969) has been the 

life-cycle effect. If a population's earners are relatively young, on the 

average they will save more than an older population because saving takes place 

earlier in life than does dissaving. But one should not interpret this 

phenomenon as suggesting that an increase in fertility will increase Saving, 

because this comparison omits the possible effect of the pre-labor-force years 

on saving behavior. At the level of aggregation used in growth theory it 
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Appendix B. 5 

would be extremely difficult to relate saving to the effect of an incremental 

birth. Furthermore, this sort of analysis deals in proportions rather than 

in total savings, which are of interest here. Hence I think this life-cycle 

aggregate analysis is not fruitful. here.” 

An increase in family size may actually increase total saving in some 

cases. An example: The Hutterites of North America who live communally in 

colonies “do not believe in practicing birth control, and so they continue to 

increase and thus to create the need for additional colony sites. The colonies 

need more and more cash in order -to buy more and more land. This reduces the 

amount of cash available for other things...Young colonies starting out, or any 

colony unable to realize the levels of productivity needed for saving, will be 

helped by others" (Bennett, 1967, pp. 164-165). 

In general the theory of consumption and savings is most complex and 

unsettled at present. One cannot say with much certainty what will be the 

effect of an increase in income of any sort (e.g., short-run, long-run, windfall) 

on saving and consumption. And in particular the relationship of family size 

to saving must be even more complex and unsettled than consumption theory in 

general. 

*For the same reason, Clark's finding across a sample of countries of no 
relationship between population growth and the savings ratio, holding per 
capita income constant (1967, p. 268) is not helpful for our purposes here. 
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Appendix C 

ESTIMATE OF THE SFFECT OF INCREMENTAL CHILDREN ON 

SOCIAL EXPENDITURE 

Schooling is the only social expenditure considered here. The 

bases for the estimate of the effect of children on public schooling costs 

are as follows: (a) Expenditure on education is 4.6% of US national 

income (Harbison and Myers, 1969, p. 41); (b) A quarter of the population 

is in school, 18.4% of the population being in the 5-14 age group (ibid); 

(c) In 1968, $623 per year was spent by public schools per student year 

(Statistical Abstract, 1969, p. 102); (d) $6,856 average year-round male 

earnings in 1966 (Statistical Abstract, 1969, p. 233). This estimate 

excludes foregone earnings, on-the-job training costs, etc.; (e) A high-side 

inclusive estimate of US education plus training costs is 12.9% of adjusted 

GNP, by Machlup (Harbison and Myers, 1964, p. 28n). 

How much of children's education expenditures should be considered as 

consumption is a matter not considered here. 
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