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I. INTRODUCTION 

The use of socio-economic theories of fertility to 

improve long run forecasts of fertility is, on the face of 

it, an appealing possibility. The purpose of this paper is 

to review the two major theories of fertility change over 

time in developed countries, to attempt to ascertain "con

census11 views of the values of the critical parameters, and 

then to integrate the possible results of such forecasts 

with productivity forecasts which should reflect the influ

ence of changing age-sex structure of the population, and 

changing labor force participation rates. 

There are three broad ways in which the theories can be 

used to forecast fertility. First, we could relate fertility 

to the appropriate socio-economic variables, and then base 

the forecast of fertility on independent forecasts of the 

relevant socio-economic variables. The obvious difficulty 

with this approach is that the socio-economic variables may 

be no easier to forecast than fertility itself. Nonetheless, 

it may be possible to identify secular socio-economic trends 

which would be sufficient to imply qualitative results. This 

I will call the "Open form" approach to the use of the 

theories. An alternative approach is to construct a full 

structural model which permits joint forecasts of all the 

necessary variables. This is the "structural" approach. A 
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third possibility is to start from the structural equations, 

and then solve for a "reduced form" version of the model in 

which only the demographic variables appear, but this is 

done in such a way that the information from the structural 

model is incorporated. This version is known as the "final 

form" of the system. Some of these variants have been 

developed for both the Easterlin theory and the New Home 

Economics theory. Each requires separate discussion. 
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II. THE RELATIVE INCOME THEORY 

(EASTERLIN HYPOTHESIS) 

A. Relative Income and Fertility (The Open Model) 

1. Theoretical Framework 

The central argument is that fertility is positively 

related to the relative potential income of a couple, not to 

the absolute potential income. The notion of relative income 

is familiar to economists from the work by Duesenberry on 

the consumption function, but its use in fertility theory 

dates back to Malthus and other Classical Economists who 

developed the notion of a consumption "standard" which 

• depended on culture, social class and historical experience, 

and relative to which people assessed their income prospects 

when making decisions concerning marriage and fertility. 

While this central insightof the theory concerns the concept and 

measurement of income, there is nothing in the theory to 

preclude the simultaneous treatment of price considerations, 

such as are stressed in the NHE literature. However, the 

same arguments that lead one to introduce a concept of 

income measured relative to some standard also suggest that 

the expenditures on children be considered relative to a 

standard, and that the potential wage of the wife also be 

valued relative to the standard. All this does not neces

sarily involve so many taste-shift parameters as it may 
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seem; it appears plausible that only a single parameter 

reflecting the consumption standard, or·"aspirations," need 

be used. The following simple specification of a fertility 

model illustrates what I have in mind; it can be easily 

expanded to a more general NHE model with endogenously 

determined inputs to children of time and commodities. 

First consider a simple "absolute income" model. A 

couple is assumed to maximize utility, U, as a function of 

the number of children, N, and the couple's consumption of 

purchased goods, X. The couple is constrained by its budget, 

however, since each child is assumed to require an input 

of y goods at a price Py' and of t hours of the wife's time, 

while the couple's consumption goods (X) have a price of Px· 

These expenditures must come to no more than the couple's 

income, Y, which consists of the husband's earnings (Twh 

from T hours of work at the wage wh) and wife's earnings 

(Cl'-Nt)wf from T-Nt hours at wf per hour). The maximization 

problem can therefore be written: 

1) max U (X,~~) 

Subject to: 

y = PxX + NpyY 

y = Twh + (T-Nt)wf 

Suppose both wh and wf rise secularly concurrent with 

economic growth, while there is no change in the ratio of 

px to Py· There will be two offsetting tendencies acting on 

fertility. First, there will be a positive potential income 
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effects due to rising wh and wf' leading the couple to choose 

more children as well as more X, on the plausible assumption 

that children are normal goods. There will also, however, 

be a negative price effect, since wf is an important com

ponent of the cost of children. This will lead couples to 

substitute X for N in consumption. The net outcome of the 

positive income effect and negative substitution effect is 

not predicted by theory, but empirical work suggests strongly 

that the negative substitution effect will dominate. This 

model, which is reviewed elsewhere in this paper, therefore 

leads to the prediction that continued secular growth in the 

economy will lead to further declines in fertility. 

Now consider the same basic theoretical framework with 

the addition of changing aspirations. Let s be a consump

tion standard (aspirations) relative to which actual con

sumption is valued, so that the new utility function becomes 

U(X/S,N). The effect of rising aspirations (increasing S) 

is then to modify a typical indifference curve in the manner 

shown in Figure 1. That is, the tradeoff between children 

and gqods becomes steeper; it requires more goods to com-

pensate the couple for foregoing the birth of an additional 

child. More formally, the marginal rate of substitution of 

goods and children is increased when S increases: 

2) MRS(X,N) = au/aN = 
au;ax 

Since u1 and u2 do not vary with S, the MRS increases pro

portionately. 
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Presumably the couple's perception of the required com-

modity inputs per child also depends on S, so that Sy is the 

real commodity cost, rather than y as before. That is, 

just as parents come to view television sets, stereos and 

cars as essential to the maintenance of an acceptable living 

standard for themselves, they also come to regard separate 

bedrooms, new clothes and bicycles as essential for their 

children. This is not just to say that parents' expenditures 

on these items rise as their incomes rise; that would be 

expected from the usual analysis of consumer demand. It is 

to say that an actual modification of tastes occurs,so that 

even if the parents experienced a permanent increase or 

decline in income, their tastes and consumption patterns 

remain uriarteired. This is a critical. distinction, since 

otherwise this notion of rising aspirati9ns would be indis

tinguishable from the positive income elasticity of the 

demand for quality (of children and consumption goods) 

posited by the NHE theory. This effect does not operate 

through changing tastes, since if a permanent income change 

occurs, behavior fully adjusts. 

The maximization problem can now be written as: 

3) Max u (X/S , N )· 

Subject to 

Y = p X + NySp 
X y 

Y = Twh + (T-Nt)wf 

What will happen now as secular growth occurs? As before, 
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there will be income and price effects, but there is the 

added complication of aspirations. The behavior of fertility 

under conditions of secular growth will depend in part on 

the relation between growth in aspirations· and historically 

realized growth in wh and wf. One plausible specification 

is that over the long run, aspirations are based on past 

experience, and that therefore S grows at the same rate as 

wh and wf' say r (assuming that wh and wf grow at the same 

rate). In this case, the optimizing fertility (N) will be 

constant, while wage rates, income, and consumption all 

grow at the rate r. Only when wh or wf varies in relation 

to S do income and price induced variations in N occur. To 

see this, just solve the budget constraints for X, and 

substitute this into the utility function, to obtain: 

4) max u{T<lf> + {T-Nt) 
p 

Wf J 
(1f) - NYP,· Nj 

which may be solved for the maximizing N as a function only 

of the ratios Wh and wf/S (I have here assumed p = p = p) • 
S X y 

These·of course don't change if wf' wh and S all grow at the 

same rate. By the same token, there is no tendency for 

rising female wages to induce rising female labor force 

participation under these circumstances, nor for rising male 

wages to depress it. 

Note also that if there is any lag between the change in 

wh and wf on the one hand, and an adjustment in s on the 

other, then the ratios ~ and ~f will increase as the pace 

of growth in wh or wf increases. When the relation of S to 
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wh and wf is specified in this way, then fertility {N) will 

turn out to be a function of the rate of growth of wage 

rates, rather than their levels. As we shall see below, 

this is indeed a characteristic of the theory as specified 

by Easterlin and Wachter. 

This is my formalization of the basic analytic frame

work for the Relative Income Hypothesis as applied to fer

tility and female labor force participation. In order to 

implement this theory, however, it is clearly necessary to 

develop a parallel theory dealing with the determination and 

measurement of aspirations. This has been done in different 

ways by different people, and the various approaches will 

be discussed below. Although the specifications are so dis

parate that comparison of estimated parameters is difficult, 

one basis for comparison is to relate the implied fertility 

rates to assumed long run wage trends. This. approach will 

be pursued here. Before turning to this, however, it must 

be pointed out that in all empirical specifications women's 

wages have been ignored, partly because they have not played 

a central role in the theoretical formulations, and partly 

because data on women's wages are really very poor. I should 

also add that the theory has been applied to explain general 

fertility rates, child/woman ratios, age specific fertility, 

manital fertility and desired completed fertility: I will 

ignore these differences except where they may affect the 

interpretation of the paramreter&. 
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2. Empirical Specifications of Aspiration Formation 

a. Easeerlin has written many papers on this sub

ject (1968, 1969, 1973, 1978 for example) and his specifica

tions are not always the same, in part due to problems of 

data availability. The basic idea, however, is that the 

aspirations of young adults in the early years of family 

formation are formed when these young adults were teen agers 

in their parents' home, based on observation of their parents' 

standard of living. This theory leads Easterlin to measure 

relative income as the ratio of the median·income of families 

with head 14-24 to the median income of families with head 

45-54 a few years previously. Several questions about this 

measure have been raised in the literature. Valerie 

Oppenheimer {1976) questions how teen agers would view the 

income contributions of their working mothers. Ben Portah 

(.1975) suggested that the more children in the family of 

orientation the less percapita consumption would be, and 

therefore the lower the standard formed. This effect is 

complemented by the possibility that tastes for children 

may also be developed in the parental home, based on numbers 

of siblings. 

b. Wachter (1975) has employed the ratio of the 

current male wage rate to the average of the previous 10 

years, weighted by the employment rate. 
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c. Lee has fit age-time profiles to historical 

U.S. data on age-specific male median income, and argued that 

couples will aspire to the continuation of such trends. 

Relative income is measured as a distributed lag on devia

tions from the fitted ~ge-time profile for a given age group 

in a given year. 

d. Lindert has measured income aspirations for 

states as the percapita income twenty years previously of 

the states' residents; this is calculated as a weighted 

average over the prior percapita incomes in their states or 

countries of origin. 

These are the only time series studies of the Easterlin 

hypothesis, using income data, of which I am aware. There 

are numerous cross-section studies, including the pioneering 

study by Deborah Freedman (1963); in these, relative income 

is typically measured as the discrepancy between actual 
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income and predicted income based on the socioeconomic 

characteristics of the husband. These cross-section studies 

have typically not supported the relative income hypothesis, 

although there are some notable exceptions including Freedman's 

study and Ben Porath's. They are, however, less relevant for 

forecasting purposes than are the time series studies. 

3. Fertility and Long Run Economic Growth Rates 

For each of these specifications,it is possible to 

relate fertility to the rate of economic growth. There is 

some question whether this is really appropriate, since the 



specifications have been developed to analyze fluctuations 

in fertility and income, but doing this does make comparison 

possible. These occasionally complicated derivations are 

given below. 

a. Peter Lindert's estimates (1978, pp. 149-160) 

are of the form: 

5) ft = a + blnyt_20 + clnyt 

where ft is fertility, a, b and c are constants, and y is 

percapita income (he includes other independent variables as 

well). This can be reexpressed as: 

6) ft = a + c(lnyt - lnyt_ 20 > 

+ (b+c) lnyt_20 • 

Now suppose the long run growth rate of y is r. Then 

lnyt- lnyt_20 is 20r, and lnyt_20 = lny_ 20 + rt. Thus:= 

7} ft = a + 20~r + (b+c)rt + lny_ 20 

From Lindert's many estimates, we might take b = -.16 and 
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c = +.08 as typical. This would give (letting d = a + lny_20 > 

8} ft = d + 1.6r - .08rt or 

9) ft = d + (1.6 - .08t)r. 

If b and c had been equal but of oppositesign, then only the 

growth rate of income would have mattered (20cr); but since 

they are not equal, absolute income levels also matter, and 



their effect is negative ((b+c)rt < 0). Eventually this 

negative effect of rising income is bound to overwhelm the 

positive effect; with estimates shown above, this would take 

only 20 years. After this, further increases in income 

(r > 0) would lead to falling fertility. 

b. Easterlin's relative income formulation com-

pares the income of families with head 14-24 years old to 

that of families with head 45-54 two years previously (see 

Appendix Table 3 to Easterlin, 1979) . The elasticity of 

fertility with respect to this ratio is roughly 2.4 (cal

culated from data in Table A3 and A4 of Easterlin, 1979) • 

Suppose that the age difference contributes a factor of k 

to this ratio, and the rate of economic grow contributes a 

factor of e 2r. Then fertility is given by: 

The greater is r, the greater is f: 

11) (df/dr)/f = 4.8. 

If the growth rate of income of young adults increases, say, 

from .02 to .03 per year, then fertility would be expected 

to rise by a factor of (.01) (4.8) = .048. 

c. Lee (1978) relates fertility to the ratio of 

actual income to the age-time historical pattern. Relative 

to some base period, say t = 0, his formulation can be 

shown to imply that: 
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12) lnft = c + B(r-s)t 

where c is a constant, r is the actual rate of income growth, 

and s is the anticipated rate of growth, which was estimated 

at about 3 percent per year, net of normal life cycle (cross

sectional) advances. If r = s no change in fertility 

occurs. The proportional effect on fertility of a small 

change in r is found to be: 

13) dlnft/dr = Brt = Srt 

where the estimate of B is taken from Lee (1978 p. 107). 

As time passes, the effect of a permanent change in r 

becomes arbitrarily large. 
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B. Relative Income and Fertility in the Structural System 

1. Theoretical Framework 

a. Income and Age Distribution. So far I have only 

described the theory relating marital fertility to relative 

income. But there is also a theory relating relative income 

to the population growth rate and age structure, which are in 

turn determined almost completely by past fertility (mortality 

changes only slowly; migration, however, has had an important 

impact in some periods, probably including the present). This 

theory, then, leads to a closed system which can be used for 

forecasting or simulation. 

The argument is that an unusually large age group in the 

population will receive relatively lower wages, possibly 

throughout its working life, but particularly in its early 

years. This will happen in part because a large cohort may 

be less well-endowed with human capital, since parental 

inputs of both time and commodities per child will be re

duced, and the cohort will experience more congested condi

tions throughout its formal education. More importantly, a 

large cohort will be at a disadvantage when it enters the 

labor market because there will be more competitors for 

entry level jobs, and because different age groups of labor 

have differing amounts of experience, formal education, and 

managerial abilities, and therefore are imperfect substitutes. 

The large cohort may exert downward pressure on the earnings 

of all age groups, but its own are likely to suffer the most, 



proportionately. 

There are important theoretical questions here con

cerning how the different age groups combine in production, 

for this will determine how a change in the size of an age 

group affects the age distribution of incomes; these issues 

are discussed in Lee (1978). Denton and Spencer (1975) 

built a simulation model to examine the dynamic implications 

of the Easterlin hypothesis, employing a Cobb-Douglas 

specification with 5-year age groups entered as separate 

factors. This seems quite inappropriate, since in this case 

an increase in the size of any age group would depress its 

own wage, but increase the wages of all other age groups, 
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even the immediately adjacent ones; it thus assumethat all 

age groups are gross complements, which is probably worse than 

assuming them to be perfect substitutes. The use of a CES 

production function would lead to similar difficulties, since 

elasticities of substitution between labor groups must equal 

those between labor and capital. Among the well-known pro

duction functions, only the Translog is sufficiently flexible 

to accomodate the possible range of substitutability or 

complementarity among age groups of labor, while at the same 

time allowing labor and capital to be complementsin produc

tion. 

b. The Closed Model. At this point it may be useful 

to introduce some notation and present a more formal version 

of the workings of the model. 



Let N a,t be the number of women age 

a at time t. Let m a,t be the birth rate for female births 

to women age a at time t. Then the number of female births 

at time t, Bt' is given by: 

49 
14) B = I: N a,t m a,t t a=lS 

The women who at time t are age a must have been born at time 

t-a. Let Pa,t be the proportion of women born in year t-a 

who survive to age a. Then we have: 

15) N = p B a,t a,t t-a 

Substituting. from this into the previous equation gives the 

population renewal equation: 

16) 
49 
I: 

a=lS 
m p B = a,t a,t t-a 

49 
I: <Pa,t Bt-a 

a=lS 

Here <t»a,t = ma,t Pa,t is known as the 11 net maternity func

tion, .. that is, maternity net of mortality. 

This set of demographic accounting identities refers to 

the renewal of the female population over time, since it is 

conventional to express fertility rates as births per woman. 

To derive the male population, we can just multiply the 

number of female births given above by a sex·ratio, assumed 

constant, of 1.05, to get male births. These can then be 

survived to older ages using male survival rates. However, 

for current purposes I will assume the renewal process 

described above applies to the whole population; nothing is 

changed conceptually by doing so. 
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So far, we have only demographic accounting identities. 

Now consider the relation of fertility, m t' to wages. a, 

There is no theory available, in this context, of how female 

wages get determined relative to male wages, so I will use a 

single wage measure, say w t' to represent both; of course, a, 
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the assumption of a fixed ratio of male to female wages 

would be quite consistent with this specification. Fertility 

is now regarded as a function of the current wage rates, and 

possibly lagged values to the extent that these are reflected 

in aspirations or the formation of expectations. For the 

sake of notational convenience, suppose the m t depend only a, 

on current values of the w t; and let the vector of current a, 

wa,t be represented {wa,t}. Then we have: 

Furthermore, wages are related to the age structure, 

represented {N t}, so we also have: a, 

where X includes factors other than age distribution which 

affect w t' such as capital, technology and education of a, 

labor. Some of the components of X may also depend on the 

s~ze and age distribution of the labor force, but I will 

ignore this complication here. Such dependencies can be 

dealt with fairly easily in a growth model. 

We now have the following system of equations: 



19) Bt = Em t N a, a,t 

20) m = fa ({wi,t}) for each a a,t 

21) w. t = gi({Na,t}: X) for each i 
~, 

22) N = p B a,t a,t t-a 

Aside from X, this is a closed recursive system. 

There are two ways we might proceed with the analysis 

of this system. One is to work with the equations listed 

above, attempting to estimate the two behavioral equations 

separately. Given estimates of the parameters and assump

tions about X, it would be possible to take advantage of 

the recursive structure of the model to forecast births, 

age distribution, wages and fertility. This requires that 

the analyst have good time series data on age-specific wages, 

preferably by sex. Such data are almost nonexistent, parti-

cularly for women. 

In part for this reason, some researchers have adopted 

a different approach, that of going directly to the "final 

form" of the system, by solving out the wage variable 

altogether. Note that since fertility is a function of 

wages, and wages are a function of the size and age distribu-

tion of the potential labor force, fertility may be written 

directly as a function of the age distribution: 

The recurrence relation can now be written: 
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24) Bt = Eh({p. t Bt .}) p t Bt 
~, -1. a, -a 

These considerations have led some researchers to study 

empirically the relation of fertility to age structure. 

This work will be discussed later. 

For future reference, it will be helpful to have a 

notation for the elasticity of m t with respect to the size . a, 

of population age group j, Nj,t; call this elasticity Ba,j 

so that: 

25) N· t ~. 
ma,t 

Under plausible assumptions, these elasticities will be 

constant over time. 
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2. Estimated Relations of Wage Rates to Age Distribution 

There is a rapidly growing literature on the effects of 

age distribution of population or labor force on wage rates. 

The major contributions have been by Anderson (197"4) & (1977), Freeman 

(1979), Welch (1979); Hamermesh and Grant have written a 

review of this literature (1978), and Lee (1977) has worked 

on population rather than labor force variables. 

Table 2 presents estimates from Welch, Freeman, 

Anderson and Lee. 

All three studies were based on post-wwii experience 

in the u.s. Anderson estimated a translog production func

tion with inputs of capital and labor aged 15-24, 25-54 and 

55 and over. Freeman also estimated a translog production 

function, but his four inputs were capital, male labor 



Author of 
Study 

Anderson 

Freeman 

Lee 

Welch 

Table 2 

Estimated Relation of Wages of Young Workers 

to Population Size and Ag·e Distribution 

Estimated Elasticities of the Wages of Young 

Workers With Respect to 

Numbers of 
Young Workers 

- .26 

- • 38 

- .28 

- .46 (entry) 

- or.l6 (per-
sistent) 

Total Labor 
Force Size 

.56 

.48 

- 2.6 

N.A. 
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Note to Table 2 

Note: The figures for Anderson come from Anderson (1977), 

p. 76, and are evaluated for 1974 {since estimates are 

taken from a translog production function specification, 

they vary by year). The first elasticity refers to male 

workers aged 15 to 24. The second elasticity is the sum of 

the elasticities of young workers' wages with respect to all 

age groups' sizes. 

The figures for Freeman come from Freeman, 1979, p. 30, 

and are again based on the translog specification: the 

figures given are elasticities evaluated at sample means. 

Here 11 young workers" refers to ages 20-34. The elasticity 

for the total labor force size was derived as for Anderson, 

described above. 

The figures for Lee come from Lee, 1977, p. 126 and 

p. 132. The first refers to the elasticity of median real 

income of males 25 to 34 with respect to the number of males 

aged 20 to 34 in the population: the second is a sum of 

elasticities of this sort. 

The figures from Welch come from Welch, 1979, pp. 54 

and 55, Tables 9 and 10. Welch estimates elasticities for 

different education groups, and I computed a weighted average 

of these, using proportions derived from Table 10 as weights. 

The resultant weighted average wage elasticity is for 

annual earnings of entry level workers. No figure for the 

effect of an increase in the labor force as a whole can be 
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given, because Welch uses a career-phase model rather than a 

production function approach, and he does not model the ef

fects of interactions of age group sizes. The smaller 

figure of -.16 was calculated just as above, but for per

sistent effects on earnings rather than transient ones. 
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20 to 34 and 35 and over, and female labor over 20. Lee's 

specification was different from either of these, and will 

not be described here. The agreement of the results for the 

effect of the size of the young labor force (or population) 

on its own earnings is quite encouraging. For the elasticity 

of young earni~gs with respect to total labor force size, 

all estimates agree on a substantial negative elasticity, 

but Lee's estimate is far greater in absolute value. All 

these are time series studies, which seem most appropriate 

for forecasting purposes; Hamermesh and Grant (1978) point 

out that cross-section studies give rather different results. 

3. Development of Forecasts 

We now should be in a position to develop a long-run 

forecasting model for fertility, age structure, and income, 

since we have examined the relations of fertility to wages, 

age structure to fertility, and wages to age structure. 

Unfortunately, however, the situation is not that simple. 

First, all the estimated relations of wages to population 

or labor force variables included capital, and so it must 

also be forecast to close the model. Second, the Freeman 
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and Anderson estimates relate wages to labor force size, not 

population, so additional equations explaining labor force 

participation must be estimated (Anderson actually does this) • 

There are additional problems concerning future changes in 

the education of the labor force, changes in the labor force 

participation of women (although Freeman, 1979, reports that 



this has virtually no effect on men's earnings), and changes 

in the pace of technological progress or productivity growth. 

One reasonable procedure in the face of these difficul

ties is to use extraneous forecasts of productivity growth, 

such as Russell's, to forecast wages, and then to modify the 

forecasts to reflect the wage-age distribution elasticities 

reported in Table 2. This should be an important improve

ment over the use of the productivity forecasts without such 

an adjustment, as was suggested above in I.A.4. 

4. Dynamic Behavior of the Structural System 

Even if there are serious difficulties in implementing 

quantitative forecasts using the structural model, it may be 

that a general analysis of its dynamic behavior would be of 

some help, and perhaps lead to useful qualitative forecasts. 

There are two studies which should be mentioned in this 

connection. The first is due to Denton and Spencer (1975, 

Chapter 3). As mentioned above, they specified a Cobb

Douglas production function with each single year age of 

labor treated as a separate factor. This seems quite inap

propriate, and it certainly affects the dynamic behavior of 

the model, as is shown in Lee, 1978. Fertility is assumed 

to be log-linearly related to the ratio of predicted age

specific income to the longfun equilibrium level of income, 

a relative income concept similar to that used by Lee (1977). 

After simulating their neoclassical growth model, Denton and 

Spencer conclude that when the elasticity of fertility with 
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respect to relative income is between 2 and 3, the system 

generates cycles of length about 60 years, or two generations. 

This reproduces the behavior hypothesized by Easterlin et al 

(1979), with large birth cohorts having low relative income, 

low fertility, and therefore few births; the resulting small 

birth cohort then for similar reasons gives birth to a large 

birth cohort, and the two generation cycle is continued. 

The other study is Lee (1977, Chapter 3). Lee uses 

estimated relations of fertility to relative income, and 

relative income to population size and age distribution. The 

production functions used seem more plausible; age groups are 

generally treated as perfect substitutes, although in one 

version a special effect of own cohort size on own earnings 

is allowed. Lee linearizes the model and studies its theore

tical spectrum, concluding that the system does not tend to 

generate long cycles. The reason for the conflicting con

clusions of the two studies appears to be the production 

function specification, as suggest~d above. 

If we accept the Denton and Spencer result, then it 

would provide grounds for expecting the historical long swing 

in u.s. fertility to replicate itself. Since the peak in 

u.s. fertility occurred in 1957, we might expect the trough 

of the downswing to occur in the late 1980s, to be followed 

by a major upswing over the next thirty years. As we shall 

see, this is also the prediction arising from the final form 

models to be discussed below. If, on the other hand, we 

accept Lee's results, then the structural model provides no 



basis for the qualitative expectation of continued cycles. 

c. Fertility and Age Distribution: The Final Form 

1. Theoretical Framework 

In a sense the theoretical framework has already been 

completely discussed in the context of the structural system, 

since the final form is just a simplified version of the 

structural one. However, it does turn out that there are 

some useful theoretical points that emerge from a considera-

tion of the linearization of the final form model. Since 

fertility is positively related to relative income, which is 

in turn negatively related to age group size, which is in 

turn positively related to past fertility, the structural 

system describes an equilibrium growth path of fertility, 

income, and age distribution. It is convenient to analyze 

the linearized system about this equilibrium growth path, 

in terms of proportional deviations from the growth path. 

For example, let bt = (Bt/Bt*) - 1 be the proportional devia

tion of births, Bt' from the (exponential) equilibrium 

growth path Bt*• Let ~a* be the appropriately transformed 

net maternity function (discussed above in II.B.l.b), given 

by ~a* = e-ra ~a' where r is the equilibrium growth rate. 

Then the linearized renewal equation, for deviations about 

equilibrium, is: 

26) bt = ~~* t bt • a, -a 
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Now ~:,t can be represented as a mean, or equilibrium value, 

$: 1 plus a distortion due to the effects of age structure on 

relative income and hence fertility. This distorting effect, 

call it ea, is the elasticity of the net reproduction rate 
49 
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(NRR = L <Pi t) with respect to age group a. This elasticity 
a=lS ' 

is, in turn, the weighted sum of the elasticities of each age 

group's fertility with respect to age group a's size. These 

elasticities, call them a. , can be derived from the struc
J ,a 

tural equations. For example, a. a equals the product of the 
J I 

elasticity of age group j's fertility with respect to rela-

tive income, times the elasticity of age group j's relative 

income with respect to the size of age group a. The ea' in 

termS Of the a, 1 are giVen by: 
J ,a 
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27) e = L <P*a • • 

a j=lS a J,a 

Then, finally, the linearized renewal equation, incorporating 

the effects of age structure on fertility, as implied by the 

structural equations, is given by: 

28) bt = L($* + e )bt • a a -a 

This expression decomposes into two parts the effect of a 

change in the size of age group a on current births: a posi

tive effect, equal to the average fertility of that age 

group, and a possibly negative effect, equal to the aggregated 

effect of age group a on the fertility of all other age 

groups, via its effect on earnings by age. 

The empirical implication of the expression is that we 



should look either at the relation of current births 

or current fertility to current age structure, or, almost 

equivalently, to previous births. If such a relation is 

estimated, we might well expect to find for some age groups 

(or length of lag for births) a negative influence on births 

or fertility. 

2. Specifications of the Elastici.ties (3 i . 
I 

Within the literature on closed demographic models of 

this form, there have been several different specifications 

of the relation of fertility to age distribution, resulting 

primarily from assumptions about the substitutability of 

labor of different ages. Easterlin (1973), Keyfitz (1972) 

and Samuelson (1976) have all divided the labor force into 

"younger 11 and "older" workers, and made the relative income_, 

and therefore the fertility, of younger workers depend on 

the ratio of numbers of younger to older workers. If, fol-

lowing Easterlin, we take "younger" to mean ages 15-29, and 

11 0lder 11 to mean ages 30-64, then the ea in expression (18) 

become: 

29) e = - a for 15 < a < 30 a -
ea = + B for 30 < a < 65 

and hence (19) becomes: 

64 29 
30) b = I:cp*b + t a t-a B(I: bt -

30 -a 
I: bt ) • 
15 -a 

Lee (1974 and 1978), on the other hand, treats all age 
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groups of labor as perfect substitutes, and consequently 

derives the following expression: 

31) bt = t<$:- a~p.>, 
1 

where p. is the probability of survival to age j from birth. 
J 

Another common formulation makes the fertility of a 

cohort depend only on its own size, independent of the size 

of others. Such a specification corresponds loosely to 

Welch's (1979) specification of the earnings function, dis-

cussed above. If the proportional effect of cohort size on 

fertility is the same at all ages, then the renewal equation 

for deviations can be written: 

Here a is the elasticity, which is presumably negative. 

Many other specifications are possible, generally leading to 

somewhat different dynamic behavior of the birth series. 

However, most specifications along these lines do lead to 

some form of two-generational cycles in births. For an 

analysis of many of these specifications, see Lee (1974 and 

1978). 

3. Empirical Estimates of Fertility - Age Structure 
Relations 

There have been several formal and informal attempts 

to estimate relations between age structure and fertility. 

Easterlin has done the most work, usi~g graphical methods to 

relate measures of fertility to ratios of old to young 
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workers. His work suggests an elasticity of roughly 2 

between fertility and the ratio. (I calculated this roughly 

from data on the TFR and age group ratio for the fertility 

upswing, 1935 to 1955 with an elasticity of 2-1, and the 

downswing, 1955 to 1975, with an elasticity of 1-8.) 

The fit seems very good for u.s. data. Easterlin ana Condran 
·~ 

(1976) have also looked at some international data, with 

results supportive of the hypothesis. 

Lee (1974, 1978a and 1978b) has estimated relations of 

30 

fertility to age structure in the U.S. using a fairly flexible 

specification which allowed for special effects of cohort 

size on cohort fertility (consistent with the imperfect 

substitute assumption) plus an accross-all-ages depressing 

effect consistent with the perfect substitute effect. Lee 

found an accross-all-ages elasticity of -7.15 (for B in 

equation (22)) plus an additional own-cohort-only effect of 

-.62. 

The u.s. Census Bureau, in an appendix to their 1975 

forecast, estimated a model in which only an own-cohort-

effect was allowed. They found an elasticity of -1 of cohort 

fertility with respect to cohort size. With reference to 

expression (23), it can be seen that with a = -1, the renewal 

equation for deviations about the equilibrium growth path 

becomes: 

33) bt = 0. 

In other words, any deviation in cohort size leads to a 
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perfectly offsetting variation in its fertility, leaving the 

number of births· unaffected and precisely on exponential trend. 

Given the large fluctuations which have in fact occurred in 

u.s. births in the past 60 years, this specification seems un

acceptable on the grounds of its dynamic implications. 

O'Connell (1978) has studied the relation of fertility 

to age structure in a large international cross-section. He 

related fertility to the rate of change of the population age 

group 20 to 34, and found substantial inverse associations for 

many, but not all, of the countries examined, after controlling 

for some other variables. Unfortunately he presented his re-

gression estimates in standardized form, so elasticities can 

not be recovered. 

The following equations summarize these estimates: 
64 29 

34) bt = L~*b + 2 (E bt - L bt ) (Easterlin) a t-a 30 -a 15 -a 
64 

35) b = E (~* - .75)bt (Lee) t 15 a -a 

(assumes mortality approximately zero from age 15 to 64, for 

expositional simplicity). 

36) 

37) 

bt - 0 (U.S. Census Bureau} 
49 64 

bt = .38L ~*b - .70E bt (Lee 2) 
15 a t-a 15 -a 

4. Forecasting Using the Final Form (Closed 
Demographic Model) 

Given a set of estimated elasticities, such as those 

reported in II.C.3 it is very straight forward to develop a 

fertility forecast. Any of the equations (25) to (28) could 

easily be used for this purpose. However, I am aware of only 

two attempts to derive quantitative as opposed to qualitative 

forecasts. 



One of these was due to the u.s. Bureau of the Census, 

and suffered the drawbacks which have already been discussed. 

The second was due to Lee (1976) who made forecasts based 

on an equation much like (28). As expected, the Census 

forecasts rapidly settled down to a constant level of births 

(since their exponential growth path had, by construction a 

zero rate of growth). Lee's forecast of births showed major 

fluctuations, and an upturn of fertility starting from the 

mid-1980s. 

Aside from any defects in the specification and estima

tion procedures, both these forecasts were seriously lacking 

in an important respect: they took no account of the error 

structure of their fitted models in projecting future births. 

More specifically, both methods began by fitting fertility 

equations to age structure, of the for.m: 

38) m t = h ({N t}). a, a a, 

However, no particular attention was paid to the autocovaria-

tion of errors, and a more appropriate specification would 

have been: 

39) m = h ({N t}) + €t a,t a a, 
T 

€t = I: a .et-. + nt. 
i=O ~ ~ 

Additional forecasting accuracy would then result from taking 

into account the values of et-i from the fitted equations 

when forecasting future births. 
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5. The Easterlin hypothesis can also be used in a 

rather different way to aid in forecasting births; that is, 

in conjunction with purely statistical methods of forecasting, 

developed for wide use by Box and Jenkins (1970). Such 

methods involve fitting to births (or fertility) an "ARMA" 

model of the form: 

40) bt = ta.bt . + tB.€t .. 
1. -1. 1. -1. 

This bears a close resemblance to the models presented in 

earlier sections. There have been a number of attempts to 

use Box-Jenkins techniques in births forecasting (Saboia 

1974, 1977, Lee, 1974, McDonald, 1979). 

When such methods are applied to U.S. data, they result in 

estimated parameters which imply a continuation of a 40 year 

cycle in U.S. births· (see Lee, 1974). In 

doing this, they are merely replicating the past "cycle" 

in U.S. fertility with a donwswing in the 1920s, through in 

the 30s, upswing in the 40s and 50s, peak in 1957, and 

downswing since. However, without a supporting behavioral 

theory, such an extrapolation of a long "cycle, :• of which 

we have only a single historical realization, is highly 

suspect. The Easterlin Hypothesis, by providing a rationale 

and interpretation for the results of Box-Jenkins procedures, 

strengthens confidence in the predictions to which they lead. 
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D. General Assessment 

If the general argument is accepted, then the Easterlin 

Hypothesis leads to an appealingly simple final form (closed 

demographic) model which is directly applicable to forecasting. 

Some aspects of the Easterlin theory have received fairly 

strong empirical support, most notably the hypothesized effect 

of age group size on age group income. However, the relations 

between relative income and fertility, and age structure and 

fertility, although they apparently are strongly consistent 

with the time series data, can not be adequately tested on 

the data sets so far available. Although the Easterlin 

Hypothesis is certainly consistent with the data, it can not 

be said, at this point, to dominate alternative explanations. 

It remains an intriguing hypothesis. 



III. THE NEW HOME ECONOMICS (CHICAGO-NBER)THEORY 

A. Income, Wages and Fertility in the Open Model 

1. The Theoretical Framework 

a. The Micro-Model. While the central ideas in the 

New Home Economics (NHE) model were developed in ~he 1950s 

by Leibenstein (1963) and Becker (1960) , the model was given 

its fullest formal expression by Willis (1973) and it is the 

Willis model that has guided most recent fertility research 

in this tradition. Some of the elements of the theory were 

presented as a background for the Easterlin Hypothesis, but 

they will be recapitulated here in a more general way. 

A couple is viewed as maximizing utility, which is 

derived from three kinds of home-produced commodities: 
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numbers of children, average 11quality" of children, and others, 

X. Child services are an aggregate measure given by the pro

duct of numbers of children, N, times the average "quality" 

of children, Q: C = NQ. Child services, C, and other com

modities, Z, are both produced from inputs of home time, t, 

(the mother•s) and marke~ goods, x, which must be purchased 

with earned income. A crucial assumption here is that the 

production of child quality is more time intensive than the 

production of other commodities. Income is earned by husbands 

who work full time and receive Yh' and by wives who must 



decide how much time to spend at work, t 1 , for wage w, ve~sus 

at home, tc + tz' in home production. The full model can be 

written thus: 

41) Max U(N,Q,Z) 

S.T. C = NQ 

c = f(tc,xc) 

z = g(tz,xz) 

p(xc + xz) = 

T = t 1 + tz 

yh + t 1w 

+ t c 

The main points to emerge from an analysis of this model are 

the following. First, as Yh rises there is a pure positive 

income ·effect on the demand for numbers of children, quality 

of children, and other commodities. If the wife is not in 

the labor force (t1 = 0), then the fact that the husband 

earns more income will make the shadow value of her time 

greater, for she will have more complementary market goods 

with which to combine it in home production. But since the 

production of children is more time intensive than the pro

duction of other things, an increase in the value of the 

wife's time makes children relatively more expensive than 

other things. Hence there will be some (probably small) 

offsetting price effect, tending to reduce the demand for 

children. 

On the other hand, if a woman is in the labor mal:rke.t. 

(t1 > O), then when her husband's income rises, and conse

quently the value of her home time begins to rise, she will 
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respond by reducing her market time and increasi~g her home 

time, so as to keep the value of her time in both home and 

market equal to w, her wage rate. Therefore a working woman 

will not experience a rising value of home time when Yh 

increases, and there will be no offsetting price effect to 

reduce the demand for children. 

There is an additional change in the price of children 

that may occur when the husband's income changes, whether or 

not the wife works outside the home. This is due to the 

fact that the price of an additional child depends on the 

desired child quality, Q. Since the desired quality per 

child will itself rise with income, it follows that the price 

of children will rise with income (see Becker and Lewis, 

1974). If, as is likely, the income elasticity of quality is 

greater than the income elasticity of numbers, it is even 

possible that an increase in husband's income might lead to 

a lower number of desired children, the price effect 

exceedi~g the income effect. 

The implications of the model, then, are ambiguous for 

the effect of an increase in husband's income on fertility. 

Nonetheless we can conclude that the effect of an increase 
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in husband's income should be more positive (or less negative) 

if the wife is in the labor force than if she is not. 

Now consider the effect of a small change in the actual 

or potential wage of the wife. If the wife is not in the 

labor market, then a change in her potential wage is com

pletely irrelevant, unless it induces her to enter the labor 



market. If she is already working, however, then an 

increase in her wage has two important effects. First, it 

has an income effect, as did an increase in the husband's 

income, as discussed above. This entails the offsetti~g 

price effects as well, also discussed above. But second, 

and probably more important, an increase in the wife's wage 

increases the value of her time. Since children are rela

tively more intensive in the wife's time than other activi

ties, children become relatively more expensive, and there 

may be a substantial negative price effect, leading the 

couple to consume more of other services and less of chil

dren, whether or not the wife increases her hours in the 

labor market. 

These are the central insights of the NHE theory. It 

is important to realize that it is a theory of how a couple 

might formulate a life time plan of fertility and female 

labor force participation, and is therefore a static model. 

It does not provide any insights into how couples might 

distribute their child bearing and work over their life 

cycles, only about what the total amounts might be. Al

though the preceding discussion was couched in terms of a 

given couple responding to income and wage changes, this was 

only for expositional simplicity. More correctly, the 

theory has implications for the different life time plans of 

similar couples facing different life time earnings con

straints. 
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b. The Macro-Model. Until recently, this NHE 

model had been used only with micro-level data, or to ex

plain cross-sectional differences between aggregate popula

tions (for example, of SMSAs). This situation has been 

altered by the work of Butz and Ward of the Rand Corporation, 

who have developed a time series interpretation of the 

theory, one that is in principle well-adapted to forecasting 

purposes. In their model, they ignore the price effects on 

fertility arising from the positive income elasticity of the 

demand for child quality. Instead, they focus on the other 

income and substitution effects of changes in the wages of 

husbands and wives, wit.h special attention to the differences 

arising from whether or not the wife is in the labor force. 

In a 1979 paper they treat the static Willis model as if it 

applied to fertility flows and current wages; in a subse

quent paper, they develop a detailed dynamic version of the 

model. I will here present the more static version since the 

basic ideas are similar, and the dynamic version is rather 

complicated. 

Consider a woman not in the labor force. Her fertility, 

£1 , depends only on husband's income Y, among the variables 

of interest to us, and we can write: 

If, on the other hand, the woman is working, then her 

fertility, f 2 , depends on both her wage, w, and her husband's 

income: 
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43) f
2 

= f 2 (Y,w). 

Fertility in general, f, is a weighted average of f 1 
and £ 2 , the weights being the proportion of families with 

working wives, K, and its complement, 1-K: 

A wage change or an income change has three effects: it 

alters f 1 , it alters f 2 , and it alters the proportion of 

working wives, K. This latter effect can be shown to be a 

"second order" effect, and negligible for small changes. 

From (44.), Butz and Ward derive an empirically estimable 

formulation: 

(Boulier (1979) has pointed out that ~45) is actually a 

misspecification, since it implicitly makes f the product 

rather than the~ of f 1 and f 2). The main point to emerge 

from the argument is that the response of aggregate fertility 

to female wages is proportional to the female labor force 

participation rate. Butz and Ward argue that this has 

increased to such an extent in the u.s. recently, that the 

response of fertility to the business cycle may have switched 

from its traditional procyclical (positive) form to a 

countercyclical (negative) form. 

40 



2. Empirical Results for the NHE Model 

There are several sets of estimates available for the 

NHE model. Butz and Ward (1979), Carter (1979) and Boulier 
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(1979) have fit it to post WWII fertility in the u.s., while 

Er.misch (1979) has fit the model to English post war data. 

Table 4 shows the estimated elasticities of fertility with 

respect to women's wages and men's incomes, and the sums of 

these elasticities. Since these elasticities depend on the 

proportion of women working, they vary over time; the elastici

ties reported in the table are for recent years, mostly the 

1970s. The sum of the elasticities indicates the predicted 

effect of secular economic growth on fertility, and since 

all the sums are negative, this suggests that fertility will 

continue to decline toward some lower assymptote as economic 

growth progress. However, some of the othe~ estimates of 

these studies, not reported here, show low positive sums, so 

the picture is not quite so clear. 
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Table 4 

Estimates of Elasticities for the 

NHE Model 

Elasticity 

Data 
Author of Study Analyzed E f,w E f,y E +E f,w f,y 

Butz + Ward (I) u.s. Women, -1.846 +1.307 -.539 
1947-1975 

Boulier u.s. Married -1.114 +.262 -.852 
women, 1947-
1974 

Ermisch Women in -1.608 +1.268 -.340 
England and 
Wales, 1950-
1975 

Carter u.s. Women - .727 .636 -.091 
20-24, 1948-
1974 

Butz + Ward (II) u.s. Women, -1.43 +.44 -.99 
1947-1975 



Notes for Table 4 

All reported elasticities are evaluated for the end of 

the sample period. The Butz and Ward elasticity is their 

estimate for TFR as the dependent variable. The Boulier 

estimate is for married women, and is a weighted average of 

the estimated elasticities for worki~g and nonworking women. 

He uses a different specification than Butz and Ward {I) • 

The Ermisch estimate was for differenced data, which somewhat 

improves the poor Durbin-Watson statistic that most of these 

studies show. The Carter {1979) estimate is taken from a 

replication of the Butz and Ward study, with additional 

attention to birth order and nuptiality. 

The Butz and Ward {II) estimate is from a dynamic model 
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(1978) and refers to the effects of a permanent change in 

wages or income on completed fertility {rather than current). 

Furthermore, it includes an effect of wages on women's market 

work, and so does not assume this constant. 



3. Forecasting with the Open NHE Model 

The elasticity estimates reported in Table 4 can be 

combined with Russell's productivity forecasts to derive 

fertility forecasts, by making two additional assumptions: 

that male and female wages increase at the same rate, and 

that the proportion of families with working wives remains 

unchanged. This second assumption could easily be relaxed, 

and a forecast of female labor force participation could be 

used together with the parameter estimates from which 

Table 4 was calculated. If desired, more detailed forecasts 

of each age-specific rate could be made using Butz and Ward's 

results, or fertility of young women by birth order could 

be forecast using Carter's estimates. Furthermore, the w~ge 

forecasts could be modified using the estimated effects of 

cohort size on age-specific earnings. Here, for illustra

tive purposes, I will give the percentage change in fertility 

after 10, 20 and 30 years based on the elasticities of 

Table 4, and assuming an annual productivity growth rate of 

2 percent. 
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rt:able 5 

Fertility Forecasts from the Open NHE Model 

Date 

Item 1980 1990 2000 2010 

Wage Index 100 122 149 182 

Fertility Index 

Butz + Ward (I) 100 90 81 72 

Boulier 100 84 71 60 

Carter 100 98 96 95 

Butz + Ward (II) 100 82 67 55 



Notes to Table 5 

These forecasts are very conservative in that they 

assume no change in the proportions of married women working 

between 1975 and 2010. If these proportions are assumed 

(plausibly) to rise, the level of fertility forecast would 

be considerably lower. Real wages of both men and women are 

assumed to grow at a 2% annual rate. Fertility indices were 

calculated by raising the wage index (divided by 100) to a 

power equal to the elasticity reported in the last column 

of Table 4. The total fertilities implied for 2010 by the 

indices of Table 5 are in the range 1.0 to 1.3 -- very low, 

but not impossibly low (the W.German TFR is currently less 

than 1.4). (Recall that the Carter estimate was for women 

aged 20-24 and not all women.) 
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B. Income, Wages and Fertility in the Structural System 

So far as I know, no relevant work has yet been com-

pleted. However, the work cited earlier on the effects of 

age group size on earnings would presumably be equally 

relevant in this context. 

c. Fertility and Age Distribution: The Final Form Under 
the NHE Specification 

So far as I know, no relevant work has yet been com-

pleted. However, it should be noted that all·the applica

tions of Box-Jenkins methods to fertility or birth fore

casting could in principle be given a NHE interpretation. 
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IV. IMPLICATIONS OF DEMOGRAPHIC FORECASTS FOR 

PRODUCTIVITY GROWTH AND COVERED WAGES 

A. Old Age Dependency 

1. Simple Measure 

The most commonly used measure of the impact of dif

ferent population age distributions on the Social Security 

System is the simple "old age dependency ratio", usually 

calculated as the ratio of the population 65 and over to the 

population aged 20 to 64. With continued low fertility, 

this ratio would eventually rise dramatically, perhaps by 

as much as a hundred percent. Thus longrun demographic 

forecasts, most of which are based on a medium variant 

with replacement level fertility, have caused grave concerns 

about the longrun financial viability of the Social Security 

program. 

It is reasonable to wonder whether other aspects of the 

age structure changes might exacerbate or ameliorate the 

impact suggested by the changes in the simple old age 

dependency ratio. In this part I will address this issue, 

with particular reference to Russell's (1977) projections 

of labor productivity growth, and the procedures he has used 

to take account of the demographic impact on it. 
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2. Fixed Productivity Weights 

The increases in the old pge dependency ratio are one 

reflection of the general aging of the population; .the aging 

of the labor force is another. As the labor force ages, 

the average level of experience of its members increases. 

Might not this lead to an increase in productivity which 

would offset, in part, the increased proportion of the 

retired population? (Of course, if the benefit level is 

pegged to the average wage level, productivity growth won't 

help.) One way to approach this question is to use fixed 

relative age-productivity weights, and apply these to the 

changing age structure of the population or the labor force. 

Better yet, we could define age-sex specific weights, or age-

sex-education specific weights. This is essentially the 

procedure followed by Denison (1962). If we let y1 Ca) be 

the productivity weight for age group a (the notation is 

intended to suggest the labor component of age group a's 

income), let N t be the population (or labor force) age g, 

a at time t, L the aggregate labor force in productivity 

units, and Nt the total labor force, then: 

46) 
64 

= i y 1 (a)N(a,t)da 
20 
64 
I N(a,t}da 
20 

This indexes the average efficiency of the labor force. If 

we restrict our attention to a comparison of efficiencies 

under regimes of different, but temporally unchanging vital 
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rates, then there is a simple analytic expression for 

dln(L/N)/dr, where r is the stable population growth rate. 

First note that in a stable population: 

47) N(a,t) = B(t)e-rap(a) 

where B(t) is births at time t and p(a) is the probability 

of survival from birth to age a. The average efficiency 

of the labor force is then given by: 

48) 
64 -ra 

= I y 1 (a)e p(a)da 
20 
64 
I e-rap(a) 
20 

Differentiating the natural log of both sides with respect 

to r gives, after some manipulation: 

where ~ is the average age of the labor force, and AL is 

the average age of the productivity - weighted labor force. 

The effect of more rapid population growth is positive or 

negative depending on whether ~ is greater than or less 

than ~· Since, on the whole, productivity increases with 

age, ~ will probably be greater than ~' and more rapid 

population growth will lead to a less productive labor 

force. For example, if ~ is four years less than AL' then 

a change of .01 in the population growth rate would reduce 

average productivity by four percent in the longrun. 

Of course, the effects of fluctuating fertility are 
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less simply analyzed, but not really dif.ficult to compute. 

The Easterlin.type forecast would imply a larger but, on 

the average, less productive labor force than the New Home 

Economics forecast, since it implies a higher population 

growth rate. 

The simplest way to incorporate these age-efficiency 

effects in a presentation is to calculate the denominator 

of the old-age dependency ratio in a weighted form: 

w 64 
SOl R = I N(a,t)da/I y 1 (a)N(a,t)da 

64 20 

where R is this adjusted dependency ratio (w is the upper 

age limit of survival). We could go further and incorporate 

weights for the over-65 age group, weights which would 

express the variation with age of average benefits. 

3. Variable Age-Productivity Profiles 

Actually, the conventional approach of using a fixed 

relative age-productivity profile, as developed by Denison 

(1962}, is inconsistent with more recent work on age and 

productivity. An earlier section of this paper reviewed 

the work of Anderson {1974 and 1977), Freeman (1979), 

Lee ll978) and Welch (1979) which shows that the productivity 

of an age group declines when it increases in relative size. 

If it is true that if age-sex groups of labor are imperfect 

substitutes, then they cannot be aggregated into a single 

factor, labor, by the use of fixed relative weights. 

Additionally, this literature suggest·s that different age~se.x 
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groups are differentially substitutable with capital. The 

fixed relative weight approach may provide a useful first 

approximation to the compositional effects on productivity, 

but that is all it can do. A more careful approach must 

take into account the effects of interactions. And when 

this is done, the effects of fertility fluctuations should 

be found to be greater than the compositional argument 

would suggest. A large cohort of young labor market 

entrants depresses productivity not only because the pro

ductivity of the young is typically low and their share 

is increasing, but also because their larger than usual 

numbers cause their productivity to drop below its typically 

low level. 

The analysis of productivity change given by Russell 

(1977) is, in principle, consistent with this view of the 

labor market, since it is consistent with a homothetic 

translog aggregation function for labor, and assumes only 

separability of capital and labor (see Russell, 1977 

Appendix B) • 

4. Fertility, Female Labor Force Participation, and 
Productivity 

So far, I have focused on the implications of dif

ferent fertility forecasts for the age distribution of the 

future labor force, and therefore for productivity. But of 

course the different fertility forecasts go with join~ 

forecasts of female labor force participation, and this also 

has major (and more immediate) implications for productivity. 
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Russell attributes a third of the age-sex compositional 

effect to sex alone. If the Easterlin-type forecast is 

right, fertility will rise and women will work less. 

The middle-run effect is that the labor force will be 

smaller but with higher productivity. On the other hand, 

the New Home Economics middl:erun forecast would be for 

declining fertility, more women working, and a larger labor 

force with lower productivity. 

5. Fertility, Capital and Productivity 

This discussion so far has ignored the fact that, with 

a constant saving rate, higher fertility and more rapid 

labor force growth would lead to a lower capital-labor 

ratio and hence lower productivity. This effect is also 

considered by Russell. It should be noted, however, that 

what is relevant here is not the relative growth rates of 

capital and the unweighted number of labor hours. Rather, 

the growth rate of the weighted number of labor hours 

should be calculated. For example, since so much of the 

labor force growth of the past decade has been of relatively 

inefficient groups of workers, the capital stock need not 

grow as rapidly to prevent its ratio to the weighted labor 

force from declining off-trend. 

6. Summary of Demographic Factors Affecting 
Productivity G·rowth 

In short, the different forecasts of fertility and 

female labor force participation should affect forecasts 
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of productivity growth in at least the following ways: 

i. age composition of the labor force 

ii. sex composition of the labor force 

iii. the capital/labor ratio. 

B. 1. Population Growth and Intergenerational Transfers 
(An Aside) 

It may be helpful here to go a bit further, and consider 

the effects of population growth in the context of a fuller 

model. For simplicity and tractability, we are driven 

back once more to the case of different constant vital 

rates, and of fixed relative productivity profiles. 

McNicol! and Arthur (1978) provide us with an excellent 

analysis of this case, in a "Comment" on Samuelson's well-

known but flawed contribution (1975). Let us ask now much 

people can consume under different demographic regimes if 

they have fixed (relative) age profiles of marginal labor 

productivity, labor supply, and consumptions. The com-

parison is accross golden age growth paths, so saving is 

assumed to be at the optimal rate. 

Let a be a shift variable for age-specific consumption. 

Let r be the population growth rate. A is the average age 
y 

of productivity weighted labor contribution, A is the c 
average age of consumption, and cr is the capital/consumption 

ratio. Then: 

51) d lna/dr = Ac - Ay - cr • 
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The difference of Ac and Ay is the intergenerational transfer 

effect, which includes transfers to young dependents as well 

as old, and also includes the age-specific productivity 

effects of the sort considered by Russell. The a term 

gives the capital dilution effect of more rapid growth, 

which is also considered by Russell. The really new 

element in this formulation is that it returns our attention 

to the tradeoff between the costs of supporting old people 

with a low growth rate, and supporting young people with a 

high growth rate. Both forms of dependency are important. 

The effect of a change in r, reflecting a change in 

fertility, should presumeably be associated with a change 

in the proportion of women working which is not here taken 

into account. 

c. Demographic Influences on The Disparity Between Growth 
in Wage Rates and Covered Wages 

Wage rates are measured per hour worked, while covered 

wages are measured on a per worker basis. Therefore, any-

thing that influences the hours supplied per worker will 

influence the disparity between growth rates of the two 

measures. Russell points to several effects that demographic 

factors may have in this regard. First, young workers tend 

to work fewer hours. Second, females tend to work shorter 

hours. And third, the financial pressures of children may 

lead some fathers to increase their hours. 

The middle term implication cf the Easterlin-type 
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forecast would be that women workers would be fewer, raising 

hours per worker, and there would be more children, raising 

hours per worker; thus the disparity would be reduced, 

ceteris paribus. The opposite, of course, would be true 

under the New Home Economics forecast. 

In the longer run, the Easterlin-type forecast would 

suggest a younger labor force (say 30 years from now), with 

the proportions of women working beginning to rise once 

again. These factors would cause the disparity to grow 

as hours per worker fell. 

Numbers could be attached to these effects, but only 

after actual fertility forecasts had been provided. 
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V. CONCLUSION 

At this stage, any effort to construct a longrun fore

casting model with endogenous fertility would necessarily 

be quite experimental, but would nonetheless be feasible. 

I think if it were decided to proceed, it would be best to 

do two versions, one following the Butz-Ward model, the 

other following the Esterlin version of the relative income 

hypothesis. These two are the most widely accepted 

specifications of each "school" of fertility theory. It is 

to be expected that the two r.esulting forecasts would imply 

diametrically opposed time paths for fertility and labor 

force participation. 

The effective use of these models would require fore

casts of age specific wage rates, which should depend on 

age group size, among other things. One way to develop 

forecasts for demographically influenced age-specific wages 

is to construct a full-scale structural model including 

capital accumulation and a production function (probably 

translog) which distinguished labor inputs by age (and 

possibly sex). A second approach would be to assume some 

basic accross-all-ages rate of real wage growth (say 2 

percent per year), and then to derive deviations from this 

trend path based on age structure fluctuations and the 

elasticities reported in the text above. This would, of 
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course, be simpler, but also less comprehensive. 

There is also a more cautious and less demanding 

approach, which would have many of the benefits of the fuller 

structural approach but fewer of the costs. This approach 

would rely on the economic theories of fertility only for 

qualitative forecasts, for justifications for high or low 

assumptions for example·. Given the fertility forecasts, 
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other aspects of the demography could be endogenized. In 

particular, the relation of female labor force participation 

to fertility might be modeled, so that at a minimum, different 

fertility assumptions would go with very different patterns 

of women working. {This is not to say that in fact causality 

runs from fertility decisions to work decisions; the evidence 

so far suggests it does not). Then, the age-sex composition 

of the labor force would be determined for each fertility 

assumption, and from this would flow all the effects dis

cussed in the previous part. Thus to a considerable extent, 

the growth rates of productivity and covered wages could be 

endogenized as well. Such an integrated model would provide 

a major step forward from the current procedures, which are 

somewhat ad hoc and piecemeal. 
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