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Abstract

This paper introduces age-based population heterogendty in the Mankiw, Romer, and Well (1992)
model to improve measurement of aggregate labor and aggregate human capital. The estimation
results are congstent with this modd, and they indicate a hump-shaped and quantitetively important
partid relation between the initia population age digtribution and the subsequent rate of economic
growth for the U.S. states for the period 1930-2000. This paper also finds that the estimated growth
effects of the initial level of income per capita, of educationa attainment, and of variables measuring
the population growth rate are substantialy biased if the age distribution is not accounted for.
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1. INTRODUCTION

The age digtribution is an obvious potentid determinant to the economic growth rate. Age cohorts
differ with respect to eg. hours worked and experience, and the size of the dependent population
may affect the labor supply of the working-age population. Nevertheless, the age didtribution is
largely ignored in empirica growth studies (see eg. the surveys by Durlauf and Quah, 1999, and
Temple, 1999).1 Demography is typicaly only accounted for by variables measuring the population
growth rate. This shortcoming of the literature provides a motivation for this paper. Moreover, when
the age didribution is accounted for in empirica growth studies the estimated effects are often not
datigicdly sgnificant. E.g., Baro and Sda-i-Martin (2004, ch. 12, p.539) find that their two
population share varidbles (for under 15 and over 65) are jointly indgnificant in their empirica
andysis of countries.

As atheoreticd framework, this paper extends the Mankiw, Romer, and Well (1992) model
by dlowing the different age cohorts to impact aggregate labor differently. In contrast, neoclassca
growth studies typicaly use one of two very smple measures of aggregate labor: the working-age
population (see MRW) or the total population (see Barro and Sdla-i-Martin, 1992, hereefter BS).
In this age-structure-augmented MRW model, the rate of economic growth is, in addition to the
gandard explanatory variables, a function of an exogenoudy gven age diribution. This modd is
tested on pand data for the U.S. states for the period 1930-2000. A second aim of this paper isto
andyze, on the basis of this U.S. gates sample, whether the estimated growth effects of standard
explanatory varigbles (see MRW; Idam, 1995) are biased if the age distribution is not accounted
for.

Thereby, this paper contributes to the empiricad growth literature in severd ways. Firg, it
improves measurement of aggregate labor and aggregate human capital. A recent survey of the
growth literature by Temple (1999, p. 138) notes that despite that a positive effect of schooling on
wages is found by micro sudies “the fallure to discern this effect a the macro leve is worrying”.

Temple (1999) aso points out that: “The lterature uses somewhat dubious proxies for aggregate

1 Durlauf and Quah (1999) list eighty-seven different variables used in country growth regressions, among which
the growth of the population shares under age 15 and over 65 years are the only age-structure-related variables
listed. The survey of Temple (1999) does not mention the age distribution but argues that “in-depth studies are
needed to address the links between population growth and macroeconomic outcomes’ (p. 142). Sala-i-Martin
(1997), on the other hand, does include an age-structure-related variable, theinitial ratio of workersto population,
among the more than sixty variables analyzed. Moreover, some growth studies account for one dependency ratio
(e.g., Galor and Zang, 1997) or one age group (e.g., Perotti, 1996; Panizza, 2002).



human capitd. The focus is dmogt exclusvely on schooling rather than training.”2 In other words,
macro growth studies often fail to find a pogtive growth effect from educationd attainment, and the
part of aggregate human capita that depends on training or experience is typicaly not accounted for.
This paper presents a straightforward way to capture the part of aggregate human capita that is
accumulated through training or experience: In view of the micro evidence on age-wage profiles, this
paper argues that this part of aggregate human capitd is reflected by the age distribution.

Secondly, this paper contributes to the extensive literature that studies the impact of population
growth on economic growth. (For empirica surveys, see Fagerberg, 1994; Durlauf and Quah,
1999.) Theoreticdly, this impact is ambiguous. In the neoclasscd growth modd (see, e.g., Solow,
1956) a rise in the growth rate of homogenous workers has a negdtive (transtory) impact on the
growth rate of income per worker. Other theories imply scae effects (see, eg., Kremer, 1993).
Bloom and Sachs (1998) and Bloom and Williamson (1999) emphasize that the impact of
population growth on the growth rate of income per capita depends on how it impacts the age
dtructure.3

There exist afew empiricd articles that focus on the impact of the age digtribution on the rate
of economic growth. McMillan and Baesd (1990) is a times-series study on U.S. postwar data.#
Sard (1995) is a pand data study on the Summers-Heston data. This paper differs from Sardl
(1995) in severd ways. By using a production function approach, Sarel (1995) relates the growth
rate of income per capita to changes in the age cohorts, wheress this paper relates the growth rate
of income per capita to the levels of the age cohorts as the estimations are based on the neoclassical
growth modd. Furthermore, this paper, in addition to the initid level of income and age sructure
variables, also accounts for other empirical determinants to economic growth, such as educationa
attainment, aswell as uses aregiona data set.®

The main empiricd findings of this paper are: (i) The estimation results are conggtent with the
age-structure-augmented MRW modd developed in this paper. The estimated partid relaion

2 Life expectancy is together with educational attainment variables sometimes used to measure aggregate human
capital (seee.g. Barro, 1996).

3 Empirically, these two papers regress the growth rate of income per capita on the difference between the growth
rate of the working-age population and the population growth rate.

4 Fair and Dominguez (1994) is another time-series study on postwar U.S. data which reports age structure effects
on macroeconomic variables. However, the rate of economic growth is not subject to analysis.

5 Lindh and Malmberg (1999) is another country panel data study on age structure and growth. However, astheir
paper uses neither of the standard measures of the economic growth rate, it is difficult to relate its results to the
results reported in this paper.



between the initid age distribution and the subsequent growth rate of income per capita over the next
ten years is hump-shaped, of quantitative importance, and robust for the U.S. states for the period
1930-2000. A hump-shaped esimated partid reation between the initid age digtribution and the
subsequent rate of economic growth is obtained dso when the modd is tested in terms of per
working-age person. (ii) It is found that the coefficient estimates of sandard explanatory varigblesin
growth regressions (see MRW; Idam, 1995) are substantialy biased if the age digtribution is not
controlled for in the case of the U.S. sates. For example, coefficient estimates of educationa
attainment turn from gdatistically ndgnificant to postive and datisticdly sgnificant, and conditiond
estimates of the convergence speed subgtantially increase when the age structure is accounted for.

The next section describes the data, and presents some descriptive statistics. Section 3
describes the modd. Section 4 reports the estimation results, and section 5 concludes.

2.DATA

Table 1 reports cross-state sample correations for variables of this study for the 1960s.6 It shows
that a high population share of young people (0-24 years), not surprisngly, is associated with ahigh
natural population growth rate (). Table 1 also shows that real income per capita (y), which is
measured by per capita persond income (excluding government transfers and deflated by nationd
vaues of the consumer price index?), is highly corrdated with the age digtribution but only weskly
correlated with the natura population growth rate. Poor states tend to have young age distributions.
Apart from this characteristic, Table 1 reports that poor states tend to have alow (i.e., a negative)
net in-migration rate (MR), a high subsequent average annuad growth rate of real income per capita
(Dyly), as reported earlier by BS (1992), and a low level educationa level measured by the

average years of schooling per labor force person aged 25-65 (h).

6 Sample correlation matrices for other decades of the period 1880-2000 are reported in Persson (1999). By and
large Table 1 isrepresentative for all decades of this period.



TABLE 1. Sample correation matrix for the 1960s for the 48 contiguous U.S. states.

Variable Dyly 'y 0-14 1524 2544 4564 65+ n MR
Dy/y, 1960-1970 1.00
y, 1960 -0.72 100
Agegroup 0-14, 1960 019 -054 100
Age group 15-24, 1960 060 -075 071 100
Age group 25-44, 1960 -036 075 -032 -030 100
Age group 45-64, 1960 -019 043 -092 -077 007 100
Agegroup 65+, 1960 -010 007 -065 -059 -043 075 100
n, 1960-1970 003 -008 073 054 022 -077 -08 100
MR, 1960-1970 -010 054 -038 -028 061 022 -012 024 100
h, 1960 -080 068 -019 -05 026 016 021 -003 0.27

Definitions: The age groups are expressed as ratios to total population. fi = the average annual
population growth rate (net of migration) defined over a 10-year period. MR = the net migration rate,
defined as net in-migration over a 10-year period as a share of total population at

7 In other words, this article uses the same income concept as BS (1992) use; see appendix.



3. THE AGE-STRUCTURE-AUGMENTED MRW MODEL
Neoclassca growth studies typicaly use one of two very smple measures of aggregeate labor: the
working-age population (see MRW) or the total population (see BS, 1992). Thereby, these studies
assume that people of different age categories within the working-age population and the tota
population, respectively, are perfect subgtitutes and equally productive; that is, differences across
age categories within these two populations in hours worked, experience, etc. are ignored. Apart
from the assumption of a constant productivity in the age interva 15-64 years, another potential
problem of the approach that uses the working-age population as the empirical measure of aggregate
labor is the assumption that the dependent population has no effect on aggregate labor. Asthis effect
is determined both by the dependent population’'s own contribution to aggregete labor, which
typicaly is low, and by the impact of the dependent population on the contribution of the working-
age population, it may obvioudy differ from zero. E.g., arise in the number of dependents (when
holding the working-age population constant) may lead the working-age population to divert |abor
away from production toward activities such as child-rearing and care-taking of ederly (that to a
large extent is non-market production) to the extent that aggregate production decreases.

In the age-structure-augmented MRW model people of different age intervas are dlowed to
impact aggregate labor differently. All age groups, including the dependent population, are alowed
to have a nonzero impact. The aggregate production function and the aggregate labor function are;
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where a >0, | >0, a +| <1, Y(t) is aggregate production a time t, K(t) is aggregate
physcad capitd a timet, L(t) isaggregate labor at timet, and A(t) isthelevd of the technology at
time t, which is assumed to grow a the exogenoudy given rate g. The number of people in age
intervd | atimetisdenoted N, (t), and N isthe number of age intervas. N, (t) isthe mth age

group. Totd population & time t, N(t), equas é_ N, (). H(t)is aggregate educational human

=1

copita a time t. H(t) is didinguished from human cgpitd accumulated through training or



experience, which is assumed to be reflected by the age digtribution. The age-group-spedific
parameter, g; (where ng (-¥,%¥) "), istherefore assumed not only to reflect relative differences
across age groups in eg. hours worked, but dso relaive differences in the endowment of
experience-based human capitd.8 Equations (1) and (2) are both assumed to be homogenous of
degree one. Thus, if inserting equation (2) into equation (1), aggregate production exhibits congtant
returns to scde in K(t), H(t), N;(t), and N, (t). If, in addition, aggregate production is

expressed in terms of per effective unit of capita ( A(t) N(t) ), we obtain:

JO= KOO G . g=cOhh, 8% 2 > g (3, (@
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where (1) =Y (1) /(A1) N(1)), k(t) = K(t) /(A(Y)N(t), h(t) =H®/(AN(),
h,=N;)/N(®), and h =N, () /N(). g is assumed to be exogenoudy given (or, more
specificaly, it is assumed tha the time derivetive of Inq is zero). This paper aso makes the

assumption that N grows at the constant rate n.®

The saving rates for physca ceapital accumulation, s, and for educationd human capital

accumulation, s,, are assumed to be exogenoudy given. Hence, the dynamics of the economy are:

K(t) = s xJ(t) - (n+g +d)K(t), A(t)=s,xy(t)- (n+g+d)() (58), (5b)

where d is the congtant rate of depreciation for these two types of capitd. Relative to the standard
MRW modd, the extension made by this paper isthusreflected by q .
Equations (5a) and (5b) imply that the economy converges to a steady state defined by:

i A@-a-1) a -a U(1-a-1)
K _& s 90 FoB 8 90 (6a), (6b)
e; n+g+d g ' e; n+g+d g ’

8 One motivation for the assumption that labor of the different age groups are imperfect substitutes is that the
typical method for aggregating workers in the educational dimension — by average years of schooling — is
critiqued because it assumes perfect substitution between workers of different educational categories (see
Mulligan and Saa-i-Martin, 2000). Note also that Durlauf and Quah (1999) use a Cobb-Douglas function to
aggregate different types of physical capital.

9 A constant population growth rate n is consistent with a time derivative of Inq that is zero if all age groups
grow at the constant rate n.



A changein the age distribution is likely to alter the value of q. If thisisthe case, k' and h™ change,
which then induces (positive or negetive) trangtiond growth in the modd.

The trangtional dynamics is, following MRW (see Persson 1998; 1999), quantified by an
goproximation around the Steady State, which yidds dIny(t) /dt =b An(y / §(t)) , where
b=(1-a-I)xn+ g+d) isconvergence speed. Thisdifferentia equation implies that the average

growth rate of income per capita between aninitid timet to afuturetime t+T is

DG g ki A0) + kg - D) ynniged) + KB ang
& v o Ta-I 1-a- |
A
+ Ans, + Ang - k Any(t) (7
1-a-| 1-a-|

m-1 m-1
where Inq /(1-a -1)=g g,%nh, + (1- § g,)%nh,,, and k =(1- €°7)/T . The steady state

i=1 j=1
growth rate of income per capitais g. The other terms of equation (7) apply during the trangtion to
the steady State.

As educationa attainment data are available, the growth rate of income per capitais expressed

as afunction of h. By equation (6b), h* is substituted for s, in equation (7). Also assuming that

h" =h(t) (see Idam, 1995), and using the identity h(t) = h(t) / A(t) , the growth rate of income per

capitais:
NN - 5 K g+ g - oy ®)
& YO o 1-a 1-a

m-1 m-1
where Ing =(1-a -1)XQ g,%nh, + (1- § g,)*nh,,), and

j= j=1

a=g+ 1:‘ (@-a-1)4InAQ) + g *) +axns, - aAn(n+g+d)).




Invoking the assumption of congant returns to scale (CRS), the number of age group variables is
reduced by one, and the last three terms of equation (8) change:

0 -a-1) ég! . ol . )
B0 5 kda-l) B8 g Ang—L= + kA gn?](t)g - kﬂnéaej(t)g
& Y0 o 1-a =1 éhoen 1-a éh,g éh, o
©)
h, Nt
Note that —- = iyt _ Y@  ht) _ H()

h, N.® h, N, h, N,

Empirical Specification

No saving or investment data are available for the whole sample period. A potentid effect of the age
digtribution on the growth rate of income per capita through saving or investment can therefore not
be controlled for. However, a pand data sudy of 131 countries for the period 1960-2000 shows
that the estimated growth effects of the different age groups do not change much when the
investment rate is controlled for in this sample (Persson and Ahlin, 2004). Data on the average years
of schooling per labor force person aged 25-65, which is used to messure h, is missng for the whole
sample period 1930-2000. When educationd attainment is accounted for the sample period is
1940-2000. If the CRS-assumption is not imposed, the nonlinear regresson equation, based on
equation (8), is:

Kx1-a-I Kx1-a -l N
In(yi,t/yi,t-lo)/lo =a t A (1_a)) Do-ss ANNg 145000 +o F A - a)) L ANNgs. i 110
K~ 41 o bd0 N 10
+ H)dnh,t-lo 8(1 € )llOH An yi,t-lO + ui,t ( )

where i = 1,...,48, t = 1940, 1950, ... , 2000, , K =(1- €°*°)/10 (>0as b >0), u, isthe
error term, and a, is a common period-specific effect (that e.g. should capture the time trend (t) in

equation (8)). When imposing the redtriction of CRS, the youngest age group is chosen to be the
numeraire (), which meansthat g, =1- é g, (where | = 15-24, 25-44, 45-64, and 65+).

]

Thus, for the restricted model in equation (9), the regresson equation is.
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4. EMPIRICAL RESULTS

The Age-Structure-Augmented MRW Model

Column 1 of Table 2 reports the unconditiona nonlinear least- squares (NLS) estimate of b , 0.022

(t-ratio=9.84). This estimate corresponds closdly to the estimates reported by BS (1992). Column
2 presents the estimation results for the unrestricted modd in equation (10). The results indicate a
hump-shaped partid rdation between the initid age digtribution and the subsequent growth rate of
income per cgpita. Even though dl estimated age group coefficients have indgnificant t-ratios, the
hypothesis that al age group coefficients Smultaneoudy are equd to zero is strongly regected. (A LR
tes of this joint hypothess gives a p-vdue of 0.001.) Indggnificant t-ratios together with joint
sgnificance is a 9gnd of multicollinearity. This is supported by Table 1 where the age groups are
shown to be highly corrdated among each other. (If, hypotheticaly, the age groups in the column 2
regresson were expressed in levels ingtead of in log-levels, perfect collinearity would be present.)
To mitigate the degree of multicollinearity, the redriction of CRS is imposed. Provided that this
restriction is correct, estimation of the restricted mode should generate more reliable estimates. In
contrast, other empirica growth studies that include age structure variables tackle the problem of
multicollinearity by omitting some age groups (see McMillan and Baesdl, 1990; Fair and Dominguez,
1994; Lindh and Mamberg, 1999) and/or by imposing a second-degree polynomid restriction on
the coefficients of the age group variables (Sarel, 1995; Fair and Dominguez, 1994). An obvious
problem with the gpproach of omitting age groups is an omitted variable bias. Uhless the growth
effects of the omitted variables are zero, the coefficient estimates of the age groups included in the
regression are likely to be biased due to a likely correation between the omitted and the included

age groups.
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TABLE 2: Dependent varigble: (Iny; - Iny, . 4,)/10, where Yy isincome per capita.

V ariable/Parameter INLS 2NLS 3NLS 4FE 5NLS 6NLS 7FE 8 FE 91V 101V

Period 1930-2000 1940-2000
b 0.022 0034 0034 0.075 0044  0.058 0.144 0182 0.029 0.061
(984) (683 (6.806) (6.42 827y (671 (632 (531 (640 (7.11)
-0.013 -0.006 0.000 -0.006 -0022 -0.009 -0.017 -0.030

K x1-a-1)xgy.44/1-a) 073

K X(1-a-1)xgs 5 /(1-a) -0.007  -0.002 -0.003 -0.002 -0001 0.016 0.011 -0.009
i (061) (0.25) (0.37) (627)y (018 (1.76) (131 (1.22)
K X(1-a-1)%gys 44 /(1- a) 0.017 0.025 0.027 0.029 0.032 0.028 0.017 0.046
) (1.02) (262 (2.56) 287 (3170 (2570 (151 (4.24)
K X(1-a-1)xg,sq/(1-a) 0.013 0.019 0.033 0.022 0.015 0.053 0.030 0.016
i (100) (195 (3.05 (213) (1% (B0 (263 (1.60)
Kx(1-a-1)xgg, /(1-a) -0.009 -0.007 -0.004 -0.007 -0011 -0012 -0.014 -0.009
(142) (1.69) (0.52) (166) (258 (1.87) (219 (1.87)
kX /(1-a) 0.031 0.057 0.012 0.031
(3.35 (360) (133 (3.39)
Ln(A + 0.07) 0.008 0.038
(0.73) (1.99)
MR -0.002 -0.020
(0.41) (3.03
R2 652 673 673 .748 715 728 .846 .858 695 740
Adj. R2 645 .661 .661 695 705 g7 .808 822 .685 728
CRS-assumption no no yes yes yes Yes yes yes no yes
P-value for CRS 0.570 0.432 0.122 0.037 0.006 0.001 0.012

Notes: Time effects (not reported) in al regressions. Absolute values of t-ratios in parentheses. Standard errors are adjusted according to White (1980). In the nonlinear 1V estimations
the variables that are dated at time t-10 enter as their own instruments. The instruments for i, and MR (that are measured between time t-10 and time t) are the log of initial real

income per capita, age structure variables (dated at time t-10), and the lagged value of respective variable. Thus, the first-stage regression equation for e.g. MR is:

MR .= a + b xXny +cxnh

1,t-10,t

+..+ dxnh_ ~+exMR +V .

0-14j,t-10 10 1,t- 20,t-10 it

where MR isthe net migration rate for state i between yearst-10 and t.

0.t



Column 3 reports egtimation results for the restricted model in equation (11). It shows
positive coefficients on the age groups 25-44 and 45-64 years, 0.025 (2.62) and 0.019 (1.95),
respectively, and a negative coefficient, -0.007 (-1.69), on the age group over 65 years. The
estimated coefficient on the age group 15-24 years is -0.002 (-0.25). These column 3 estimates
imply an esimate of K x(1-a - 1)>g,__ /(1- a), which is negaive: -0.006.1° Thus, aso the

edimation results for the redricted verson of the modd yied a hump-shaped partia relation
between the initidl age Structure and the subsequent growth rate of income per capita The
regriction of CRS is not gatisticaly rgected. A LR test of the null hypothesis of CRS gives ap-
vaue of 0.570. (The LR datidtic is, under the null hypothess, asymptoticaly chi-squared distributed
with one degree of freedom.)

The column 4 regression dlows for state-specific fixed effects (FE), and is based on the
nonlinear least-quares dummy-variable technique. The regresson provides empirica evidence of
fixed effects, and produces an estimated partid relation between the initid age sructure and the
subsequent growth reate of income per capita that remains hump-shaped.11

Quantitatively, the estimated coefficients of the age structure varigbles are of importance. The
point estimates in column 3 (and in column 4) mean that a one-standard- deviation decrease of each
of the age groups 0-14 and 65+ (expressed as ratios to total population) and also assuming that
each of the three remaining age groups increase proportiondly to their size and jointly so that tota
population stays congtant, then this ateration of the age distribution is associated with an increase of
the annua growth rate by about 0.4 percentage points over a subsequent 10-year period. (The

10 The implied estimated coefficient on the age group 0-14 yearsis given by:
V] ¥ U]

V]
(Kx1-a-1)xg, /2-2)) = (1- €)/10 - (K« 11-a)) - (Kxa-a-1)xg_, (1-a))

1524

U U U
- (mxa-a -1)xg 1a-a)) - (Kxt-a-1)xg, (1-a))- (€xa-a-1)xg, K1-a))
U
For the period 1930-2000 ((k_ X /1- a)) = 0 asdataon educational attainment are missing.

11 Asthe LSDV estimator is abiased and inconsistent estimator when individual effects exist in adynamic panel,
some studies (e.g., Caselli et a., 1996) use theoretically consistent 1V estimators. The (nonlinear) LSDV estimator
is here preferred because the number of time periods is not very small relative to the number of cross-sectional
units, and because IV techniques may lead to poor finite sample efficiency (see Baltagi, 2001; Kiviet, 1995). It
turns out, however, that the LSDV estimates of coefficients and of their standard errors are very similar to the
estimates generated by aGMM estimator (see Persson, 1999).



vaues used for this caculation refer to 1960, which is sdlected as it isin the middle of the sample
period.12)

The edimation results in columns 58 are based on the period 1940-2000. They show that
the estimated partid relation between the initid age sructure and the subsequent growth rate of
income per capita continues to be hump-shaped and quantitatively important dso when the sample
period is shortened by ten years and educationa attainment is controlled for. Moreover, columns 6
and 8 report postive and datidicaly sgnificant estimates of K X /(1- a), the coefficient on the

educationa attainment variablesin equations (8)-(11), which thus is consistent with the modd!.

The Sandard MRW Model

This section investigates whether coefficient estimates of sandard explanatory variables in growth
regressions (see MRW; Idam, 1995) are biased if the age digtribution is not accounted for in the
case of the U.S. dates. A bias is expected as the anadysis in section 2 indicates that the age
digribution is highly corrdated with income per capita, educationd atainment, and with the
components of the population growth rate.

Column 9 reports results from nonlinear 1V estimation (see notes to Table 2) of the standard
MRW mode, which is described by equation (8) provided theterm k ¥nq /(1- a) isomitted.13 14
This model is here tested in terms of per capita, which means that it isassumed that L = N. Asa
result, nin the expresson In(n+g+d) is measured by the contemporaneous population growth
rate, which by equation (8) is predicted to have a negative (transtory) effect on the growth rate of
income per capita. The contemporaneous population growth rate isin column 9 decomposed into its
components. the natura population growth rate (fi) and the net in-migration rate (MR). g +d is
assumed to equal 0.07 (see BS, 1995, p. 37). The coefficient estimates of In(f+0.07) and of MR
in column 9 are gatidticdly inggnificant.

12 The standard deviation (and the mean) of the age groups 0-14 and 65+ in 1960 are 0.023 (0.320) and 0.016

(0.092), respectively (see Table ALl in Persson, 1999).

13 Following BS (1995, Ch. 12), this paper uses lagged values as instruments. This approach may be satisfactory

if the correlation of the error terms between adjacent periods is not substantial, which is the case here. The

correlation coefficients of the residuals (from the column 3 regression) between the seven adjacent 10-year

periods are: -0.22, 0.15, -0.11, -0.25, 0.16, and 0.11.

14 1t turns out that the results from nonlinear 1V estimation in columns 9-10 are qualitatively similar to the results
obtained from NLS estimation. However, NLS generate a statistically insignificant coefficient estimate of MR for
the column 10 specification. These regression results are available upon request.
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Moreover, column 9 reports a datidicdly inggnificat edimate of k 4 /(1- a), the
coefficient of the educationd attainment variables in equations (8)-(11). Thus, the standard MRW
modd is inconagent with the U.S. states data not only with respect to coefficient estimates of
variables measuring the population growth rate but aso with respect to estimatesof kK X /(1- a).
These results correspond to some previous country evidencel® In contrast, estimates of
K'{ /(1- a) in the age-dructure-augmented MRW mode are (as aready noted) postive and
datidticdly sgnificant, which thus is mode consstent. In other words, the estimated growth impact
of educationd atainment turn from datisicdly inggnificant to postive and datisticdly sgnificant
when the age structure is accounted for.

Table 2 shows that estimates of b are higher when the age structure is accounted for. For
example, the b egimate of the sandard MRW modd in column 9 is 0029, whereas the b
edimate of the age-structure-augmented MRW mode in column 6 is twice as high, 0.058. Thus,
usng the equation, b =(1-a - | )x(n+ g+d) to dructurdly interpret these edimates, the
estimated implied capitd share of physicd and educationa human capital (a +1 ) decreases (for a
given pogdtivevdueof n + g +d ) when the age structure is held constant.16

Column 10 shows egtimation results for the age-structure-augmented MRW model expanded
with the variables that measures the contemporaneous population growth rate (which thus far have
been suppressed). While the estimated hump-shaped partia relation between theinitid age structure
and the subsequent growth rate of income pr capita remains, the coefficient estimates of the
contemporaneous natural population growth rate and of the contemporaneous net in-migration rate
subgtantialy change compared to the case when the age Structure variables are omitted (i.e., in the
case of the standard MRW moddl).17 These empirical results thus provide additiona support for the
hypothesis that the age structure affects the subsequent growth rate of income per capita as well as

15 The surveys of Fagerberg (1994) and Durlauf and Quah (1999) report inconclusive country evidence regarding
the impact of population growth on the rate of economic growth. Moreover, Temple (1999) and Islam (1995) point
out that country panel data studies often fail to find a positive growth effect from educational attainment. In
addition, the study on the U.S. states by BS (1992, footnote 13) report that “educational differences aside from
college attainment were not important”.

16 Table 2 also reports that estimates of b increase even further when fixed effects are allowed for. Thisresult is

consistent with country evidence reported by e.g. Islam (1995), and Casdlli et a. (1996).

17 The qualitative results on demographics and economic growth reported in columns 9-10 are unchanged if the
sample period instead is 1930-2000 (which then means that data on educational attainment are missing). A
qualitative difference occurs with respect to the statistical validity of the CRS assumption, which is not rejected
for the 1930-2000 period. These regression results are avail able on request.
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indicate that coefficient estimates of the components of the contemporaneous population growth rate
are subgtantiadly biased if the age dtructure is ignored. We note, eg., that the estimated growth
impact of the net-migration rate turns from datidicaly inggnificant to negative and datidicaly
ggnificant when the age structure is accounted for.

Sensitivity Analysis. Income per Working-Age Person
Severd neoclassca growth sudies (see eg. MRW) use the working-age population as the
empirical messure of aggregate labor (i.e. they assume L = N, ). To relate to these studies the

mode is in this section tested in terms of per working-age person. This meansthat N in equations

(3) and (4) isreplaced by N _ . The variables in the regression equations (10) and (11) are now

15-64

defined by
y — Yi,t h = N joint h15- 24j,t — N15-24j,t yl t — Yi,t
" N15-64i,t b N15- 64jt h0- 14jt N 014jt h0-14i,t N0-14l,t

The regressors of the CRS-modd in equation (11) are, except for the educationa attainment
vaiablel8, identicd to previoudy, and the correlation between the growth rate of income per capita
and the growth rate of income per working-age person is high: 0.91 for the period 1930-2000.19 20
Table 3 reports the estimation results. Not surprisngly, as both the dependent variable and the
regressors do not change much, the regression results are strikingly smilar to the results reported in
Table 2. The estimated partia relation between the initial age distribution and the subsequent rate of
economic growth remains hump-shaped.

Column 4 shows that the sandard MRW mode (dso when it is tested in terms of per

working-age person) isinconsstent with data in the sense that the coefficient estimate of In(n+0.07)

18 The educational attainment variables differ as average years of schooling per labor force person (aged 25-65)
is assumed to measure both H/N and H/N, . Thus, in the CRS-regressions of Table 2 the educational

attainment variable is In(average years of schooling per adult labor force person/ N,/ N) wheress it is

In(average years of schooling per adult labor force person/ N,/ N,,, ) in Table 3.

19 |n the model, the growth rate of income per capita equals the growth rate of income per working-age person by
the assumption that all age groups grow at the same (constant) rate.

20 This high correlation is of course due to a small variation in the population share of the working-age
population as the growth rate of income per capita equals the growth rate of income per working-age person plus
the growth rate of the population share of the working-age population.
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is datidicdly inggnificant. n is here measured by the average annua growth rate of the working-age

population as the working-age population here is assumed to measure aggregate labor. As this

measure includes some of the migration flows, MR is not included as a separate explanatory

vaiable and ingrumentd variables are used in the estimation.2l A difference rdative to the case

when this mode is tested in terms of per capitaisthat theestimateof k 4 /(1- a) now ispogtive

and datigticaly sgnificant, 0.022 (2.36), which thus is consstent with this model. The estimate of

k'« /(1- a) continues, however, to be higher if the age structure is accounted for (see column 6).

TABLE 3. Dependent varigble: (Iny;, - Iny,;, 4,)/10, where y is income per working-age

person.
V ariable/Parameter 1NLS 2NLS 3FE | 41V 5NLS 6NLS 7FE 8 FE

Period 1930-2000 1940-2000
b 0023 0035 0082 | 0034 0043 0058 0151 018
(909) (7.14) (678) | (645 (787) (663) (626) (528
Kx1l-a-1) XU 14 I(1- a) -0011 -0.011 -0011 -0019 -0.022 -0.01¢
Kx1-a -1)xge ., /(1- a) 0001  0.003 0001 -0002 0022 001
15-24 (0.16)  (0.26) (008 (0.24) (239 (172
Kx(1-a-1)xg /1-a) 0024 0027 0027 0023 0032 0011
2544 (44)  (258) (253 (228 (290) (087
K x(1-a- | )xg,e o /(1- ) 0028 0041 0030 0018 0057 002
45-64 (285 (3.79) 87 (L7) (515 (205
Kxl-a-1)xg I(1- a) -0.010 -0.004 -0010 -0011 -0.011 -0.00¢
65+ (223)  (050) (208) (243) (158 (112
K« /(1-a) 0.022 0.035 0.05¢
(2.36) (3.68) (348,

Ln(n+0.07) -0.034
(0.70)

R2 760 775 831 | 789 798 809  .891 899
Adjusted R? 755 767 796 | 783 791 801  .864 873
CRS-assumption no yes yes no yes yes yes yes
P-value for CRS 0036 0970 0003 0000 0008 0001

Notes: See Table 2. n is here the average annual growth rate of the working

5. CONCLUDING REMARKS
To improve measurement of aggregate labor and aggregate human capitd, this paper augments the

Mankiw, Romer, and Well (1992) modd by dlowing the different age cohorts to impact aggregate

21 The NL S estimate of the coefficient of In(n+0.07) is 0.069 (1.75).
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labor differently. Thereby, this paper studies the impact on the rate of economic growth of an
obvious but largdly ignored variable, the age distribution. In the empiricd analys's, the whole age
digtribution is taken into account, which is important in order to avoid biased estimated coefficients
on included (age-group and other) explanatory variables. The problem of multicollinearity is tackled
by the restriction of congtant-returns-to-scale.

The egtimation resuts, which are consstent with this modd, yield an estimated partia relation
between the initid age structure and the subsequent growth rate of income per capita over the next
ten years that is hump-shaped, of quantitative importance, and robust for the U.S. states for the
period 1930-2000. A hump-shaped patid reation between the initid age sructure and the
subsequent rate of economic growth is obtained dso when the modd is tested in terms of per
working-age person. As the estimation results are consgstent with the model, they are consistent with
an explanation that the age dtructure affects aggregate income through aggregate labor and
experience-based aggregate human capitd. A hypothesis that an increased share of dependents
diverts labor away from production is consstent with reported negative estimated effects of the age
groups 0-14 years and over 65 years.

This paper finds that coefficient estimates of standard explanatory variables in growth
regressons -- the initid level of income, educationd attainment, and variables measuring the
contemporaneous population growth rate -- are subgtantidly biased if the age didribution is not
controlled for in the case of the U.S. states 1930-2000. It is found that the coefficient estimate of
educational atainment turn from gatisticaly inggnificant to postive and daidticaly sgnificant, thet
conditiona estimates of the rate of convergence subgtantialy increase, and that the estimated growth
impact of the net-migration rate turns from datidicdly indggnificant to negative and datidicaly
sgnificant when the age structure is accounted for.

Appendix: Data Sour ces

Data on income for the period 1930-2000 are from the US Commerce Department (Bureau of
Economic Analyss). Data for 1880, 1900, and 1920 (for Figure 2) are from Eagterlin (1960). (For
years up to 1960 the overal index from the US Commerce Department (1975), series E135 is used
to compute red income, wheress figures from the Statistical Abstract of the US for dl items is the
source after 1960.)
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Data on the population age distribution for the period 1880- 1970 are from the US Department of
Commerce (1975), which determines the division of age groups. Data on educationa attainment are
from Mulligan and Sdla-i-Martin (1997, Table 8), who base their computation on the population
censuses. Data on migration are from the US Department of Commerce (1975). (Data from the
surviva rate method is used from 1910 to 1940. After 1940, data from the components of change
method is used.) The data sources for net migration (after 1970) and for the birth and degth rates
are various issues of the Statistical Abstract of the U.S.
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