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Abstract

This paperfinds robust evidace hat age structure matters for subsequent growth in
per capitaincomeacross the US states 1920-1990. The age groups ¥B&s5are
positively related to subsequent per capiteomegrowth. Anotherconclusion ighat

the averaggears of schooling affects subsequeet capitancomegrowth positively
when agestructure is controlled for. Moreover, tlestimated speed of convergence
(see e.g. Barrand Sala-i-Martin, 1992)ncreases substantially when schooling and
age structure are held constant in the income growth regressions.

JEL classification: O18; 047
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1. Introduction

The paper studies theffect of agestructure on per capitacomegrowth across the

US States for the period 1920-19%kspite the facthat theempirical literature on
growth has blossomed during last ten years or so, the effect of age structure on growth
has been subject to studgly in a fewpapers. There aseveral reasonshy age can

be expected to matter for growth. Firstiyeasures of human capital have always been

a weakspot in growthempirics. As proxiedor the human capitalstock empirical

growth studiesypically use various educationahriables such as literacgites,school
enrollmentrates, averaggears of schoolinggtc.. Byusing variableshat only reflect

formal education these studies neglecthibenan capital accumulatidhat isobtained

by on-the-job-training. Agestructure could be g@roxy for this learning-by-doing

process. Secondly, if life-cycle saving is present, then the age structure can be expected
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to have growth effectsinceaggregateavings typically is positivelyelated to growth
in cross-country studies (see.g. Deaton, 1995). hirdly, increased shares of
dependent age groupwry be &pected to decrease growikcause thevork effort of
adults would be directed more toward child rearing and care-taking of elderly.

Previous studies on age structared growth include Sare(1995) who studies
the effect of agestructure on per capitacomegrowth for 121 countrieasing Summers
and Hestordata setSarelfinds aninverted U-curve between the productivity of the age
groups (on thg-axis), i.e.the estimatedoefficients ofthe differentage groups, and the
age groups on the-axis. Other studies on age ampowth areMalmberg(1995) and
Lindh and Malmberd1995).Malmberg(1995) providegime-series evidence for Sweden
1950-1989 andLindh and Malmberg1995) ispaneldata study for the OECD-countries
1950-1990. Moreover, Lee aridhg (1994) partially analyzehe effects of agestructure
on growthusingthe Summers-Heston datagy focus orthe dependencyatios, i.e. the
number of children and elderly ashare of the total population. Nmnpiricalstudy, that
we know of, uses regional data.

One reason for studyinthe age structureffects ongrowth is theissue of
convergencewhich has beermne of the most debated topics in the growth literature
during the last teryears orso. Given that the age structurieas growth effects and is
correlated withinitial income, excludingage structure will tend tdias the estimated
convergence coefficient.

Our theoreticamodel is an extension t¢fie model used by Mankiw, Romer and
Weil (1992), hereinafter M-R-W, who augment the standard Satoedel with human
capital. Our extension of the M-R-Wspecification is that weargue that the stock of
human capital consist dfvo parts, one part thatan be accumulated and opart that
depends on the age structure.

The paper is organized in thellowing way. Section 2 describethe model.
Section 3 describethe data. Section 4 presents thepirical results and section 5

concludes.



2. A Solow-model augmented with age structure

In this section wanalyzethe effect of age omrowth in a Solow-model. Our point of
departure idMankiw, Romer, and Wei(1992), who augment the standard Solow
model with human capitaDur extension of the M-R-Vgpecification ighat we argue
that the stock ofhuman capital consists two parts, one part thaan be accumulated
and onepart thatdepends on the age structure. plaet thatdepends on age structure
could, e.g.reflectskills achievedhrough on-the-job-training and throutgarning by
doing.

M-R-W use a Cobb-Douglas production function wldbor-augmenting

technological progress:
Y(t) = K()® H()* (A L) (1)

whereY is output,K physical capitalH human capital, ant is population, and is
the level of technology. We extend the M-R-Wdrmulation ofthe Solowmodel by

assuming that the stock of human capital also depends on the age structure:

H(t) = H(t)® ()

o =[]} (3)

whereH is the part thatan be accumulated afdis the part thatlepends on the age
structure.l; is the share of total population in ageup j. The shares of the age
groupssum toone. Byusing a Cobb-Douglas formulation we alldar interaction
among aggroups. Forexample, an increase in dependage groupsnay affect the

stock of human capital for goods production negatively because of e.g. increased child-

rearing.



To startwith we makethe simplifying assumptiorthat L is assumed tgrow

at theexogenously givenaten, i.e., the population growtfate isindependent of the

age structure. Moreover is assumed tgrow at theexogenously givemate g so

that
L(t) = L(O)e™ (4)
At) = A0) & (5)

Life-cycle saving is apotential mechanismthrough which age canaffect
growth. There issomesupport (althoughmot universal)for explaining international
differences in savingates byinternational differences in populatistructure (see e.g.
Deaton, 1995). However, here we stick to tomventionalSolow framework and
assumeconstantsavingsrates; that issavingsrates areassumed to be exogenous and
independent of age. One motivation for this assumptitmaiswe studyegions across
which physical capitaiends to be mormobilethan across countries. In fact, ttlese
to perfect correlation between national investment and nationiggsat/ least when
both aredefined to excludeeducation that i$ound for countries (seEeldstein and
Horioka, 1980) does naeem to holdor the US States (Barrand Sala-i-Martin,
1991). If this isthe case, increaseaving,due to e.gshifts inthe age structure, does
not translate into increased accumulationpbiysical capitaland increasedyrowth.
However, the age structurenay also affect the savings for human capital
accumulation. Despite thigossibility we assumalso that savingéor human capital
accumulation is independent of age:is the constant fraction aficome invested in
physical capitabnd s, is the constant fractiomvested in human capitaloreover,
defining output, physical and human capitalper unit of effective capita as
y=Y/ AL k= Y/ Aland h=H/ AL, respectivelythe dynamics otthe economy is

determined by



K(t)=s 09— (n+ g+8) K )
6)
h(t) =5, D-(n+ g+3) It )

where y(t) = lz(t)"(ﬁ(t)e)A and 0 is the constant rate afepreciation,which is
assumed to be equal for the two types of capital.

Equations (6) imply that the economy converges to a steady state defined by:

(% S:e)\ )]J(l a-A)
n+g+o

(7)

_(%511 e )]J(lor -\)
n+g+o

Estimates of speed of convergenowardsteadystate ardypically low (see
Barro and Sala-i-Martin (19911992, 1995)which means that economitend to be
out of steadystate. As a resulthis paper focuses on tloait of steadystatedynamics.

Approximating (see appendix) around the steady state, the rate of converggvee is

by

diny

q - BIn(y/y) (8)

wheref =(1-a —A)(n+ g+9).

Equation (8) implies that

ny(t,)=1-e")n y'+e”Inyp 9)



wherey(t,) is income per effective capita at some initial datetardt, —t,).
Subtracting Iny(t,) from both sides yields:

In9(t,) —In $(t) =(1-€")In ¥ -(1- €™)In "y 1) (10)
Finally, substituting fory”:

a A
Ing+(@1-€")————In
1-a-A LA )1—0(—)\ i

In9(t,) —In §(t) = (1- ™)

a+A

—(1-e™
( )1—0( -A

In(n+ g+3) +(1— e‘BT)l_GL_Alne ~@1-&")InyH (11

We rewrite equation (11) in terms ofcome per capita. Notdirst that the log of

income per effective capita is

Iny(t) = In[%) =In A(t) =In y(t) —In A0)- gt (12)

Substituting (12) into (11and rearrange somewhat, tgeowth rate of percapita

income betweemn, andt, is

In©

9 jhg+@- &™) n s+(l- &)

ny(t) = y(t) = @-e™)—— oY T

+

-1-e™) 2 in(n+ g+8) - (1= €%)In (D +(1- &) 4D+ Ga- 1 E)

(13)



There is an alternativavay to expresshe role of accumable human capital in
determining income in this model. Combini{@B) with the equation for the steady-
state level of human capital given in equation (7) yields an equation fgratwh rate

of income as a function ahe level of accumable human capital, instead of a function

of the rate of investment in human capital that can be accumulated:

Iny(t,) —In y(t) = (- e““)lf—aln $+(1- éBT)ﬁln h+(1- é“r)ﬁlne

~(1-e )T in(n+ g+8) - (1- €”)n ¥ N+ (1- € KD+ G4- 1¥)

(14)
Our statistical model is a discrete period version of equdtid), after bothsides of
the equation have beevided byt , thatapplies to an economyand is augmented

by an error term:

i _ bt _ bt
E|r'l[—y"t+T ) —a + (1me ™) A nB, - —(1 ) Iny, +uy,, (15)
T Yit T l1-a T ’

B
Whereazw(a Ins, +AIn K —aln(n+ g+3)) +(1- €*)In AQ) +
T{l-a)

+ g(t+1 —te’®) anduy,, is the error term.

Using equation (3) in (15) yields:

1 Yitn (- e ) A a- e )
—In| = =at ‘Inl.., -~~~ Zlny, + 16
T [ Vit ) T 1-a DZVJ Bt I Yir 7Yy (16)

wherea is the same as in equation (15).



When implementing this regression equation in a cross-section we assume as a

starting point that theconomies are equal with regard to thge ofinvestment in

physical capital, the steadsgtatelevel of accumable humacapital, the population
growth rate, the rate of depreciation, the technologyratedoftechnological progress
or, atleast, that theseariablesare uncorrelated with the regressadrkis assumption

implies that we can estimate (16) with ordinary least squares.

3. Data

The data onincomesfor 1930-1990 for the 48 continental USates are from US
Commerce Department. Thacome concept used is per capita persomalome
excluding governmerttansfers. Data on incomés 1920 are from Easterlif1960).
As a result, the data ancomes should bihe same a8arroand Sala-i-Martir(1992)
use. Moreoverfollowing Barroand Sala-i-Marti1992) we computeeal income by
dividing the nominal figures on personal incomelwgnational values afhe consumer
price index (1982-1984 = 100). (We use figaires fromthe Statistical Abstract of the
US for all items sinc&960. Before 1960 we use theerall index from US Commerce
Department (1975), series E135.

The data on age structure are from US Departme@baimercg1975) and
from the Statistical Abstract of tHéS. Data on averaggears of schoolingre taken
from Mulliganand Sala-i-Martin(1995). Data on labagarnings (includinghosefrom
self-employmentproken down intaine sectorssince 1929 is from U®epartment of
Commerce. The share of the labor force engaged in agriculture isHasterlin

(1960).

4. Empirical Results



Figure 1 showshat there is a greakeal of variation of demographstructureduring the
sampleperiod. Moreover, we observet only convergingper capitaincomesbut also
converging demographic profiles across the states.

In column 1 of table 1a weproduce the results of Baramd Sala-i-Martin1992)
on absolutep-convergence for the US States for the period 1920-1990;ighate
estimate equatiorf16) without including age groups. Apositive value of3 implies
absolute convergenaghich meanshat poorer states tersdibsequently tgrow faster in
per-capita terms than richer ones. Mgher value of 3 corresponds to a faster
convergencerate. Thesample period is split up into 10-year long subperiods. The
estimation method is nonlinear seemingly unrelated regression (SUR). Using SUR is a way
to account for, e.g.long-lasting sectoral shocksjnce it allowsfor correlation of
disturbances ovdime, i.e.over equations. Inow 8 ofcolumn 13 is restricted to be the
sameover the periods but wallow for different constants. Theoint estimate i€.0166
(s.e.=0.0016). Théwypothesis of equas over the subperiods, however, strongly
rejected;row 9 shows that thdikelihood-ratio statistic ig11.8 with a p-value of 0.0000.
(Under the null hypothesis, the likelihood-ratio statistic is asymptotically distributgd-as
squared with six degrees of freedom).

Column 2 of table lpresent the results fromstimation of equatiof16). We
includethe proportion of the population in the age groups 15-25, 25-45, 45-65 and over
65 years as regressors. The first ggeup has beerdropped toavoid collinearity. The
division of age groups isdetermined by the statistics (see the US Department of
Commerce (1975)).

Rows 1-8 ofolumn 1show the results of agstimation in whichthe coefficients
of the age groups are restricted to bedhmmeover the subperiods but the intercepts and
Bs areallowed to varyover the subperiods. The results can doenmarized in the
following way: The coefficients othe age groups, 15-65, apesitive andsignificant.
Hence, the age groups of tke-called working age appear to contribptesitively to
subsequent growth in per capita terms. Howevearpaventional levels of significance we

reject thehypothesishat thecoefficients ofthe age groups are tlsameover the periods;



the likelihood-ratio statistic irow 9 is 48.5with a p-value 00.0022. (Under theull, the
likelihood-ratio statistic is asymptotically distributed as chi-squared witnty-four
degrees of freedom).

The issue of convergence has generated a huge amount of research during the last
ten years or so (see e.g. Barro and Sala-i-Martin, 1995)is@ue has been what different
estimates off3 imply for the shares of capitalyhich can be seen iequation (8).
Comparing column 1 with column 2 we simat theestimates of increase when age
structure isincluded inthe regressionsThis seems to indicatthat notincluding age
structure in growth regressions for the US sthtaseghe estimate off. However,only
guantitative changes of the estimatefdobccurwhen age isncluded inthe regressions.
Furthermorerow 10 ofcolumn 2 in table showhat thejoint estimate off increases to
0.0315 (0.0022Wwhen agsstructure igncluded inthe regressions. The intercepts and the
coefficients ofthe age groups am@lowed to varyover the periods in these regressions.
We continue, however, to reject thgpothesighat 3 is thesameover the periods on the
basis of a likelihood-ratitest. The likelihood-ratio statistic i26.7 and is presented in row
11. (Under thenull, the likelihood-ratio statistic iasymptotically chi-squared distributed

with six degrees of freedom).

Sectoral Shocks

Following Barro and Sala-i-Martin(1991,1992,1995) wexclude an auxiliary variable in

our regression equations to hold constant aggregate shoocksdén to obtain more

accurate estimates @ and of thecoefficients ofthe age groupsThis structuralvariable

is

9
S; = Zwk,i,t (Y o 7 Yier) (17)
=



wherew, ; , is the weight ofectork in statei 's labor earnings (includiripose fom self

employment) at time , andy, , is thenational average of labor earningsr capita in

sector k at time t. The nine sector used are agriculturenining, construction,
manufacturing, trade, finance and resfate, transportatioservices and government. For
example,suppose thaeconomyi specializes itmining and that the aggregateining
sector does not grow over tperiodt andt + 1, then thevalue of s, is likely to be low
which indicateghatthis region shoulehot growvery fast becausie mining indusry has
suffered from a shock.

Because of lack oflata, weincludethe structuralariable onlyfor the periods
after 1929. Howevervhen estimatinghe incomegrowth regression for the period 1920-
1930 we obtain a rough measuresgf by usingthe share of the labor force engaged in
agriculture in 1920.

The regressionkehind table 1b is identical the regressionsehind table 1a

with the exceptiorthat weinclude the structuralariable, s, in the regressions of

table 1b. Thecoefficient of 5, is always allowed to vargver the subperiodé:rom

our point of view; that is, focusing onthe effect of agestructure onsubsequent
growth, the main difference compared to table thasthe age group 15-3&arturn

insignificant.

Schooling

Several cross-country studiéisd that various educational variables, such as literacy
rates, schoot¢nrollmentrates, and averagears of schoolingarepositively related to
growth (see e.g. Mankiw, Romer and Weil (1992) and Barro and Sala-i-NES88),

ch. 12). Here wénvestigatethe effect of education, measured ity averaggears of
schooling, ongrowth for the US States for the period 1940-199Glbgndoning the
assumption in equatio(L6) that thelevel of the part ofhuman capitathat can be

accumulated is the same across the US States; that is, we estimate the equation



L[ View (1-e®) A o (A-eP) A (1-¢eP)

Zn| 2 =g+ Inh? +~—~ 7 = Inl,,, -~~~ Zny, +

T [Mﬁj T B e A T i (]
(18)

(1-e™)

[(A-a)

wherea = (ains —aln(n+ g+38))+(1- €™)In A0+ ¢ &1 — t&")

andu;, is the error term.

Following e.g.Islam (1995) we let the averagears of schooling be a proxy
for h. Table 2a showthe results. Ircolumn 1 we include only schoolirandinitial
per capitaincome asregressors; thas, the age groups are nwoicluded. Thejoint
estimate of theoefficient of schooling, shown row 6, ispositive but insignificant
whenthe intercepts anfis areallowed to varyover the periods. When weclude the
age groups; thats, when we estimate equatidd8), the joint estimate of the
coefficient of schooling is positive and significant. This is showiow 6 incolumn 2.

In the regressions afolumn 2the intercept and3 are allowed to varyover the
periods. Moreover, theoefficients ofthe age groups 25-45 and 45-65 significant
and positive. The aggroup 25-45eems to contvute most to subsequent per capita
growthwhen average years of schooling is hathstant.This is a difference relative
to table 1.

As before we the reject thgypothesisthat thecoefficient of schooling and
the coefficients ofthe age groups are tlsameover the periods: thikelihood-ratio
statistic inrow 7 is 53.6with a p-value of 0.0001 (Under tmeill, the likelihood-ratio
statistic is asymptotically distributed as chi-squared with 20 degrees of freedom).

Row 8 ofcolumn 2 showshejoint estimate of3 whenthe intercepts and the
coefficient ofthe schooling variable anthe coefficients ofthe age groups asdlowed
to vary over periods. Thégoint estimate of3 is 0.0642 (0.0074). However, we can
reject the hypothesis thftis the same over the periods.

In table 2b we includénhe structurahariable,s,, as a regressor. Theain

results presented in table 2b are similar to those presented in table 2a.



5. Concluding Remarks

This paperfinds robust @idence bhat age structure matters for subsequent growth in
per capitaincomeacross the US states 1920-1990. The age groups ¥B&s5are
positively related to subsequent per capiteomegrowth. Anotherconclusion ighat

the averaggears of schooling affects subsequeet capitancomegrowth positively
when age iseldconstant in the growth regressions. Moreover gtenated speed of
convergence increases substantially when schooling@adtructure iseld constant

in the income growth regressions.

Appendix: The Transitional Dynamics

To evaluate theynamics we log-linearizthe systemaround steadgtate. We start by

substituting the productiofunction into(6) and rewrite thelynamic system in terms

of the logs ofk andh:

d:;:k — S<e)\e—(1—o()lnlz é\lnﬁ _( n+ g+6)
(A.1)
dg‘th =50 & eI — (1t gr3)

We take a first-ordefaylor expansiormaround the steadstatevalues, Ik” and Inh”,

determined by equation (A.1):

A

din k

" =—(1-a)(n+ g+38)In(k/ KXY +A(n+ g+3)In( W )




A

dinh
dt

=a(n+ g+38)In(k/ K= (@-A)(n+ g+d)In( W H)

(A.2)

To substitute away the two types of capital we take the log of the production function:

Ny=alnk+Aln h+AIn®

Differentiating (A.3) with respect to time yields:

dlny:a din k+)\dlnh
dt dt dt

Inserting (A.2) into (A.4) and collecting terms:

diny
dt

=—1-a -A)(n+ g+3d)[aln(k/ K) +AIn( b/ H)]

Subtracting Iny" from (A.3) yields:

In(y/ 9% =aln(k/ K +xIn( b/ 1)

Combining (A.5) and (A.6) gives us:

diny
dt

=—BIn(y/ §°)

wheref =(1-a —A)(n+ g+9)

(A.3)

(A.4)

(A.5)

(A.6)

(A7)
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Table 1a. Growth Regressions with Age Structure for the US States 1920-1990

Basic equation Equation with demographic variables

Period @) R? @) 15-25 25-45 45-65 65- R?

[A3 [6' ] [A3 years years years years [6' ]

. 1920-1930 -0.0151 0.14 -0.0012 0.33
(0.0044)  [0.0129]  (0.0053) [0.0116]

. 1930-1940 0.0133 0.29 0.0272 0.25
(0.0032)  [0.0077]  (0.0046) [0.0080]

. 1940-1950 0.0424 0.67 0.0662 0.72
(0.0054)  [0.0096]  (0.0075) [0.0088]

. 1950-1960 0.0169 0.40 0.0346 0.50
(0.0035)  [0.0055]  (0.0057) [0.0050]

. 1960-1970 0.0262 0.48 0.0332 0.64
(0.0038)  [0.0045]  (0.0054) [0.0037]

. 1970-1980 0.0120 0.13 0.0187 0.09
(0.0051)  [0.0059]  (0.0065) [0.0060]



7.1980-1990 0.0048 0.01 0.0147 0.22
(0.0074)  [0.0092]  (0.0080) [0.0084]

8. Joint, seven 0.0166 0.0243 0.0228 0.0395 -0.0033

subperiods (0.0012) (0.0097)  (0.0087) (0.0068)  (0.0035)

9. Likelihood-ratio 58.6 48.5

statistic (p-value) (0.0000) (0.0022)

10. Seven periodf3 - - 0.0315 N.S. N.S. N.S. N.S. N.S

restricted (0.0035)

11. Likelihood-ratio - - 26.7

statistic (p-value) (0.0002)

Note: N.S.= NoShown. The estimation method is nonlinear SUR. The standard errors of the estiegite=n in parenthesis and

the standard errors of the regressiaresgiven in brackets. Rows-7 in column 1 displagstimated betas for the seven subperiods

when age structure is not included in the regression equation, that is, we test for absolute convergence. Row 8 of column 1 shows the
estimate of betavhen it is restricted to be the same over the periods whdeing for individual intercepts. The likelihood-ratio

statistic in row 9 of column 1 refers to a teseqfiality of beta over the subperiods. (Underrthi, this statistic is asymptotically
distributed as chi-squared with six degrees of freedom). R@win column 2present the estimated betas when ggrips are

included as regressors. We allow iiedividual intercepts (that are nstown in thetable) but we restrigdhe coefficients of the age
variables (presented in row 8) to be the same over the periods. The likelihood-ratio statistic in row 9 in cefersnt@®a test of

equality of thecoefficients of the age groups over the periods. (Undentitie this statistic is asymptotically distributed es-

squared with twenty-four degrees of freedom). Row 10 of column 2 presents the joint estimatevbébetaallow the intercepts

and the coefficients of the age variablesdoy over the subperiods. The likelihood-ratio statistic in row 11 of colunefie®s to a

test of the convergence coefficient over the periods.

Table 1b. Growth Regressions with Age and Structural Variable for the US States 1920-1990

Equation with structural variable Equation with structural and demographic variables

Period @) R? ®) 15-25 25-45 45-65 65- R?

[A3 [6' ] [A3 years years years years [6' ]

1. 1920-1930 0.0422 0.59 0.0581 0.65
(0.0095)  [0.0089]  (0.0121) [0.0083]

2.1930-1940 0.0160 0.39 0.0292 0.36
(0.0031)  [0.0072]  (0.0045) [0.0075]

3. 1940-1950 0.0390 0.69 0.0584 0.73
(0.0066)  [0.0092]  (0.0081) [0.0086]

4. 1950-1960 0.0268 0.68 0.0435 0.70
(0.0031)  [0.0040]  (0.0051) [0.0039]

5. 1960-1970 0.0250 0.48 0.0342 0.63
(0.0038)  [0.0045]  (0.0055) [0.0038]

6. 1970-1980 0.0124 0.13 0.0212 0.09
(0.0053)  [0.0059]  (0.0066) [0.0060]



7.1980-1990 0.0013 0.00 0.0107 0.16
(0.0076)  [0.0092]  (0.0080) [0.0086]

8. Joint, seven 0.0244 0.0115 0.0204 0.0331 -0.0043

subperiods (0.0017) (0.0092)  (0.0090) (0.0067)  (0.0035)

9. Likelihood-ratio 41.8 53.4

statistic (p-value) (0.0000) (0.0005)

10. Seven periodf3 - - 0.0367 N.S. N.S. N.S. N.S. N.S

restricted (0.0040)

11. Likelihood-ratio - - 34.1

statistic (p-value) (0.0000)

Note: The regressions behind table 1b is identical to the regressions behind table 1a with the exception that the structural

variable in equation (17) is included in the regressions of table 1b. The coefficient of the structural variable is allowed to vary
in the all the specifications of table 1b.

Table 2a. Growth Regressions with Age and Schooling 1940-1990

1. Equation with schooling

2. Equation with schooling and age

Period (1) School- R? %) School-  15-25 25-45 45-65 65- R?
[A3 ing [6' ] [A3 ing years years years years [6' ]
1. 1940-1950 0.0465 0.68 0.0787 0.75
(0.0057) [0.0094] (0.0097) [0.0084]
2.1950-1960 0.0171 0.40 0.0489 0.59
(0.0042) [0.0055] (0.0082) [0.0045]
3.1960-1970 0.0255 0.45 0.0488 0.61
(0.0046) [0.0046] (0.0080) [0.0039]
4.1970-1980 0.0157 0.13 0.0292 0.15
(0.0057) [0.0058] (0.0079) [0.0058]
5. 1980-1990 0.0008 0.01 0.0233 0.12
(0.0075) [0.0092] (0.0099) [0.0087]
6. Joint, seven 0.0036 0.0174 0.0165 0.0473 0.0307 -0.0000
subperiods (0.0058) (0.0074) (0.0110) (0.0114) (0.0083) (0.0044)



7.Likelihood 24.2 53.6

-ratio statistic (0.0001) (0.0001)

(p-value)

8. Joint, seven - - 0.0642 N.S. N.S. N.S. N.S. N.S. N.S
subperiods (0.0074)

9.Likelihood - - 24.6

-ratio statistic

(p-value) (0.0001)

Note: N.S. = Not Shown. The estimation method is nonlinear SUR. The standard errors of the estigig®@sin parenthesis and

the standard errors of the regressiaresgiven in brackets. Rows-5 in column 1 displagstimated betas for the five subperiods

when the average years of schooling is included in the regression equatiopnefficeent of the schoolingariable is restricted to be

the same over the periods. This joint estimate is presented in row 6 of column 1. The intercepts are allowed to vary over the periods.
The likelihood-ratio statistic in row 7 of columnréfers to a test agquality of thecoefficients of the schoolingariable over the
subperiods. (Under theull, this statistic is asymptotically distributed as chi-squared with degrees of freedom). Ro®5 in

column 2 present the estimated betas when schaatidgage groups are included as regressors. We fatandividual intercepts

(that are noshown in thetable) but we restricthe coefficient of the schoolingariable and theoefficients of the age variables
(presented in row 6) to be the same over the periods. The likelihood-ratio statistic in row 7 in cobfera @ a test afquality of

the coefficient of the schoolingariable and of theoefficients of the age groups over the periods. (Undenuliethis statistic is
asymptotically distributed as chi-squared with twenty degrees of freedom). Row 8 of column 2 presents the joint estimate of beta
when weallow the intercepts, the coefficient of the schoolrmgiable and theoefficients of the age variables vary over the
subperiods. The likelihood-ratio statistic in row 9 of columrefers to a test aéquality of theconvergence coefficient over the
periods.

Table 2b. Regressions with Age, Structural Variable and Schooling 1940-1990

1. Equation with structural variable and schooling 2. Equation with structural variable, schooling and age

Period (1) School- R? %) School-  15-25 25-45 45-65 65- R?

[A3 ing [6' ] [A3 ing years years years years [6' ]

1. 1940-1950 0.0395 0.72 0.0684 0.76
(0.0068) [0.0088] (0.0105) [0.0081]

2.1950-1960 0.0318 0.70 0.0615 0.73
(0.0042) [0.0039] (0.0087) [0.0038]

3.1960-1970 0.0287 0.42 0.0492 0.59
(0.0050) [0.0048] (0.0085) [0.0040]

4.1970-1980 0.0165 0.14 0.0301 0.12
(0.0059) [0.0058] (0.0080) [0.0059]

5. 1980-1990 0.0048 0.00 0.0208 0.16
(0.0081) [0.0092] (0.0096) [0.0086]

6. Joint, seven 0.0105 0.0195 0.0101 0.0393 0.0323 -0.0016

subperiods (0.0065) (0.0074) (0.0110) (0.0124) (0.0085) (0.0046)



7.Likelihood 29.2 43.9

-ratio statistic (0.0000) (0.0015)

(p-value)

8. Joint, seven - 0.0583 N.S. N.S. N.S. N.S. N.S. N.S
subperiods (0.0076)

9.Likelihood - 23.3

-ratio statistic

(p-value) (0.0001)

Note: The regressions behind table 2b is identical to the regressions behind table 2a with the exception that the structural

variable in equation (17) is included in the regressions of table 1b. The coefficient of the structural variable is allowed to vary

in the all the specifications of table 1b.



