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RESUMEN

L os estudios historicos muestran que €l crecimiento secular delaestaturamedia
delos nifios europeos occidentales comenzo en 1850 y fue precedido por cien afios
de declive y estancamiento. Conjeturamos que lacaidainicial en las estaturas esta
relacionada con latransicion demogréficay mostramos que una extension del mo-
delo neoclasi co de crecimiento econémico puede explicar el fendmeno. Verificamos
guelas predicciones del modelo se cumplen en el presente paraun cortetransversal
de paises y encontramos que, en paises con bajo ingreso por habitante, la estatura
media de | os nifios esta negativamente asociada con el ingreso per capitay con la
fecundidad. Como gjercicio final, nospreguntamos si estas estimacionesexplican el
cambio en laestaturamedia observado en el Ultimo sigloy medio.
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ABSTRACT

Historical studies show that the average height of Western European children
began its secular growth in 1850 only after aperiod of decline and stagnation which
had started around 1750. We argue that the initial downturnin heightsisrelated to
the demographic transition, and show that an extension of the neoclassical model of
economic growth can explain the observed phenomena. We test whether the
predictions of the model hold for across-section of contemporary countries, and we
find that stature isindeed negatively associated with income per capitaand fertility
for countrieswith anincome per capitabel ow agiven threshold. Asafinal exercise,
we ask whether these cross-country estimates explain theimprovement in children’s
height observed in the last hundred and fifty years.

Keywords: economic growth, fertility, quality of life, children’s stature, cross-
country analysis
JEL Classification: O11,J13,112,131,N3

1.INTRODUCTION

Theliterature on the relation between the quality of life of children and income
per capitahas mainly concentrated on the evolution of infant mortality; for instance,
Pritchett and Summers(1996) show that infant mortdity fallswithincome per capita.

These findings indicate that survival chances increase with income per capita
growth but do not tell us much, however, about the quality of life of surviving
children. According to the findings of economic historians at least one measure of
the quality of life of children, their biological standard of living —characterized by
their height-for-age—, seemsto have displayed anonlinear association with income
per capitagrowth.

The historical evolution of average height in Europe is characterized by three
stylized facts: first, children and adolescents have experienced a sustained upward
shift in their height-for-age profile since about 1850; second, average height first
declined and then stagnated during the initial stages of economic development,
between 1750 and 1850; third, aconvergencein children’sheight for ageisobserved
over regions, social classes and occupations since thent.

1 Some important contributions to this «Anthropometric History» are Fogel (1994); Floud et
al. (1990), (1993a) and (1993b); Harris (1994); Komlos (1989), (1993a), and (1993b); Komlos
and Coclanis (1997); Sandberg and Steckel (1988) and (1997); Steckel (1995); Weir (1993). In
particular for Spain, see Coll and Quiroga (1994), Martinez Carrion (1994) and Quiroga (2001).
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This nonlinear relation does not seem to be an exception in the literature on
income and the quality of life. Easterly (1999) shows that several quality of life
indicators—other than children’s stature— are positively related to income per capita
in the long-run but not in the short-run, which might be suggesting that these
quality of lifeindicatorsimprove only after acertain level of income per capitahas
been reached.

To analyze the relation between income per capita and the quality of life of
children we therefore need to focus on indicators that capture living conditions
during childhood more accurately thaninfant mortality. The average height of children
of agiven age in agiven economy is agood indicator of their standard of living?
Because of its «ex-post» nature stature has an advantage over infant mortality asan
indicator of thequality of lifeduring childhood. Statureisavailablefor awiderange
of periods and countries, and it was one of the first indicators for the standard of
living to be studied by social scientist in the nineteenth century?®.

The main working hypothesis of this paper isthat a theory of the evolution of
the quality of life of children should be able to explain the historical evolution of
children’sheight-for-age.

Many authors have tried to give a coherent explanation to the evolution of
average heights. While there seems to be a consensus in considering long-run
income growth as the main cause behind the historical increasesin children’s ave-
rage stature, there is considerable dispute among researchers regarding the forces
behind the observed initial temporary declinein heights.

It is considered an «early-industrial-growth puzzle» that average height fell
during thoseinitial periods of income per capita growth*. Some authors claim that
larger income inequality, declinesin food production and consumption per capita,
increasesin food prices relative to manufactures, and adeterioration of the disease
environment —all of them allegedly observed during industrial revolution times—
might have been the cause of the decline in height®.

An aternative explanation for the evolution of statureis given in Weir (1993)
and Schneider (1996), who stressthe effects of parental expenditureson children’s
nutritional status, and therole of fertility in those parental decisions. Weir (1993, p.
265) states that: «In the nineteenth century, calorie intake rose quickly relative to
GNP, whereas heights improved slowly. In the twentieth century, GNP growth

2 Eveleth and Tanner (1976) and (1990), is the main reference here.

3 Although stature was considered to be linked to wealth and well-being from the very
beginning, discussions on the determinants of stature revolved around the «nature versus nurture»
dichotomy until well into the twentieth century. See van Meerten (1990), for a more detailed
account of the supporters and challengers on each side of the nature versus nurture debate.

4 Komlos (1998).

5 See, for example, Frank and Mustard (1992); Komlos (1996) and (1998); Komlos and
Coclanis (1997) and Steckel (1995).
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accel erated whereas cal oriesremained stable and heights grew rapidly». According
to the same author (Ibidem): «[increasesin] GNP did not trandateinto mean calorie
intake, and mean cal orieintake did not trand ate directly intoimproved height» until
fertility started tofall. In apanel of European countries since 1850 they indeed find
that income per capita has a positive impact on average stature but that fertility has
anegative one. Weir (1993) thus provides a better explanation than previous authors
for the long-run trend in mean height but leaves unexplained, again, the initial
downturn in heights.

The approach followed in this paper —to explain the historical evolution of
children’'s height-for-age— is essentially that of Weir (1993) and Schneider (1996)
but we believe that a complete story of children’s height changes must provide a
coherent and unified explanation for both the long-run trend and the so-called
«growth puzzle», i.e. the temporary downturnin children’s stature observed in the
initial stages of economic development.

The need for a unified approach is motivated by the evidence discussed in the
rest of this section. Thisevidence showsthat fertility islikely to have beeninvolved
in the main episodes of height declinesin England, Sweden and the USA.

Komlos(19934) estimatesthat adolescents average height fell in England during the
second half of the eighteenth century, stagnated in the first decades of the nineteenth
century and started their long-run increase after the 1850s. These movementsin
heights were contemporaneous to the demographic transition. According to Wrigley
and Schofield (1989) cohort fertility rate increased until the late 1790s, it decreased
thereafter, first owly and after 1850 very fast. If weallow for actual fertility to peak,
say, 30 years after cohort fertility, then we seethat fertility changes have the opposite
sign of the contemporaneous changes in heights during the whole period.

Swedish height datain Sandberg and Steckel (1988 and 1997) along with Swedish
cohort fertility datain Eckstein, Miraand Wolfin (1997) reveal that fluctuationsin
heights coincided with fluctuations in fertility. The turning points in the height
series seem to have followed the pattern of the turning points of the fertility series.
Between the 1730sand the 1770sfertility waslow, while between the 1770s and the
1810sit was high. Average stature, on the other hand, grew from about 1790 until the
1820s and then fell between the 1830s and 1850s. If we take the midpoint of each
fertility regime asareference, and assume that actual fertility peaks about 30 years
later than cohort fertility, then men born between 1780 and 1820 should have achieved
ahigher stature than men born between 1820 and 1850, since theformer grew upin
aperiod of low fertility: thisis precisely what the dataindicates. The secular increase
in heights started in Sweden, asin England, after 1850 coinciding with the definitive
declineinfertility there.

The episodes of height decline in the United States seem to display a similar
pattern. Height data from the State of Georgia in the South of the US indicate a
declinein the physical stature of the white people beginning in the second half of
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the 1830s°. The evolution of heights seems to be correlated with changes in some
demographicindicators. For the South Atlantic region asawhole, and for Georgiain
particular, the dependency ratio—the percentage of children 14-year-old and younger
over total population—jumpsfrom amean of 30% in mid 1830sto about 45%in 1860;
then it starts to decrease again; but it takes about a hundred years to go back to the
level of the 1830s’. Thereisevidence of height declinein other regionsfor the same
period, and the behavior of fertility is also similar. The percentage of the 5-to-14
year-old over total population increases about 10% in the Northeast, and almost
15% inthe North Central regions.

All these pieces of evidence seem to suggest that not only income per capita,
but also fertility, was increasing during height decline episodes. Therefore any
account of these episodes must involve both income and fertility dynamics, and
their relationship with children’swell-being.

In Section 2 we introduce a neoclassical model of economic growth with
endogenousfertility in which we distinguish the standard of living of children from
that of their parents. We solve the model for aset of standard parameter valuesand
study the dynamics of fertility, children’s standard of living, and capital
accumulation.Themodel predictsanonlinear U-shaped relation between the quality
of life of children and income per capita.

Themodel showswhy theincreasein fertility associated with incomegrowthin
underdevel oped economiesleadsto adeteriorationin theliving conditionsof children
there; and why for developed economies the declining pattern of fertility frees
resourcesto improvethe standard of living of children. In short, themodel introduced
here explains why standard of living during childhood does not improve steadily
with income per capita, asthe historical height studies show.

Following the model, and given that theindustrial revolution and the demographic
transition have proceeded at different paces in different countries, the historically
observed pattern of height changes should also be observable in a cross-section of
countries today®. In Section 3 we test whether the predictions of the model holdina
cross-section of contemporary countries. We use average stature at age 10 as the
indicator for the quality of life of children in each country.We find that statureis
indeed negatively associated with income per capitaat |ow income per capitalevels,
but positively associated after athreshold value of income per capitais reached.

Two previous attempts to estimate the relation between income and staturein a
cross-section of countries are Steckel (1983) and Frongillo and Hanson (1995).
Although our estimations and theirs are based on the same height-data source,
their results differ substantially from ours.

6 Komlos (1996) and Komlos and Coclanis (1997).
7 US Department of Commerce (1989).
8 Lucas (2002).
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While Steckel findsthat average heights are very sensitive to income per capita,
with alarge positive elasticity, Frongillo and Hanson find no significant relation
between income and heights. We find an income elasticity of children's average
height which is positive or negative depending on the level of income per capita of
the country; and, when positive, it is always much lower than the one found in
Steckel (1983).

Two main shortcomings of those papers are that they lack aformal framework
motivating the regression equations estimated, and that height data of minorities
are pooled together with country-wide measures of income and other variables. The
lack of a model to motivate the estimation |eads these authors to leave important
variables such asfertility and education out of the model. The use of dataon height
which are not representative of acountry’s average, for instance the average height
of minority groups, may bias the estimates. In this paper we limit the number of
observations to those representative of the country’s average height.

In section 4, we summarize the main results and discuss how these cross-country
estimates could be used to explain the evolution of average height over time. We
show that most of the change in height can be explained by the model.

2. THEMODEL

In this section we extend the neoclassical model of economic growth with
endogenous fertility to study the evolution of income, fertility, and the standard of
living of children.

The standard of living of children —or quality of life of children—is assumed to
be acommaodity produced at home with family resources. Therelation between the
number of children househol ds chooseto have and their standard of living —basically
aversionof Gary S. Becker (1976) quantity-quality trade-off—, isacrucial element of
this model. Increasing the quality of life of each new born will be costly for the
family and thereforewill affect thefamily’sdemand for children. Thereversewill be
alsotrue; increasing fertility will deviate resourcesfrom children’sliving conditions
to the production of more children.

We start by showing how to introduce the standard of living of children in the
preferences and budget constraints of the representative household of the model.

2.1. Preferences and Technology

Our benchmark model isthe Becker and Barro (1988) fertility model in continuous
time, asdevel oped by Barro and Sala-i-Martin (1995)°. Inthismodel generationsare

9 This model belongs to the family of models that explain the demographic transition
—and the transition from Malthusian stagnation to modern economic growth— as the result
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linked through altruism. The representative parent in generation i is assumed to
carefor family consumption C,, the number of childrenn,, and for thelevel of adult
utility achieved by the children U,_,. This future utility level is discounted by a
factor, Y(n), which isinversely related to n. The function u(C, ,n,) represents the
utility an adult of generation i obtainsfrom consumption and the number of children,
and Y(n)n.U,,, is the discounted utility achieved by the next generation; then total
utility achieved by an adult of generationiisgivenby U =u(C,n,) + Y(n)nU, ..

This formulation does not distinguish the goods alocated to children during
their childhood from the consumption of their parents. It is here where we depart
fromthe original model .We want to analyze the evol ution of the standard of living of
children, sowereinterpret C, asanindex of family «consumption» whichisdetermined
by adult consumption ¢, and by ahome-produced commodity g, children’s standard
of living. Let’'sassume here that the index C, has the following constant-share form
C,=c’ qil"’ , with 0O<c<1, and where ¢ is the share of adult consumption on family
«consumption».

It would be natural to link commodity g, to the mortality rate prevailing among
children of generation i. We do not deal explicitly with infant mortality, however.
Rather, wethink of n asthe net fertility rate. A consequence of this assumptionis
that children are costly aslong as they survive.

Each child costs an amount 5. In our model, this cost  has two components; a
fixed cost A which represents the cost of bearing a surviving child, and avariable
cost which increases with improvements in the standard of living of surviving

of changes in the relative cost of quantity to quality of children. Close relatives are Becker,
Murphy, and Tamura (1990) and Lucas (2002, chapter 5), although the emphasis and
objectives vary greatly from those models to ours. Other important contributions are Galor
and Weil (1996), and Galor and Weil (2000), models where the dynamics of the relative
cost of quantity to quality are explicitly modeled; and Galor and Moav (2002), where the
form of parental preferences for quality and quantity is endogenously determined as a natural
selection process.

0 It is important to discuss here three issues related to the form we have assumed for
parental preferences. First, it might seem odd that parents care about their children in two
different ways —they care about their standard of living when young, and their utility when old—
but what we are actually assuming here is that parents derive utility from their children’s
quality in two ways: indirectly through the discounted utility of the next generation, and
directly through the commodity q. Higher quality children are just more expensive children,
even if the higher expenditure does not necessarily increase their future income (Becker,
1976). See also Notes 13 and 15 for the implications of this assumption. Second, the commodity
q is assumed to be produced not only with the child’s food consumption, but also with parental
time in child care, and with the services derived from sanitary infrastructure and medical
services; therefore, the dynamics of g, both historically and in the model, might be unrelated
to the actual historical pattern of children’s food consumption. Third, we assume an altruistic
framework, but there are alternative non-altruistic formulations in the literature for parental
preferences; see for example Cigno (1991).
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children, q. We have already mentioned that q is produced at home“. We assume
that the home production technology is such that the production of one unit of g
requires A units of the numeraire good produced in the economy. Then, the birth
and rearing cost of each surviving childisn = A + Aq.

Given our interpretation of n, and if N isfamily size, thenthe changein thesize of
thefamily per unit of timeisgiven by thefollowing law of population growth

) N =nN

SincenN isthenumber of new membersof thefamily per unit of time, (A + Aq) NN
aretotal expenditureson children.

To deriveautility function consistent with a continuoustime growth model, we
follow Barro and Sala-i-Martin (1995) and adopt their parameteri zation of the model 2.
Then, iterating forward on the discrete utility function above we get the dynastic
continuous form for the household’s utility function

@ U :]Se””[((N vcogn? J —1)/(1—49)] dt

The dynastic utility function is the discounted sum of all future instantaneous
utilities, which themselves depend on adult consumption, the fertility rate, and
standard of living of children at each date. Instantaneous utility is characterized by
the standard property of constant inter-temporal elasticity of substitution; where g
isthevalue of this elasticity.

Due to the parameterization chosen the discount factor has two components:
onewhich dependson fertility and isrepresented by theterm N¢ in theinstantaneous
utility function (again see Note 12), and another component which is constant and
represented by the traditional discount factor p, withO<p < 1.

The stock of human and physical capital of the family isgiven by K. The stock of
capital, K, and the size of thefamily, N, arethe state variables of themodel. Therate
of return to capital isr. Each member of the family suppliesun-elastically 1 unit of
working time and receives a wage w per unit of time. Thus family labor supply
coincideswith family size, and total family incomeisgiven by wN + rk.

1] follow the ideas in Becker (1965) and Lancaster (1991), regarding home production.
12 We assume a constant elasticity form for the discount factor Y(r;)=Yn*, and for the utility

function u(c,q,n):l(c“ql’“n")l’g —1J/(1—9)- We also define N, as the size of the family in generation
jisetN, =1, N, =TT, , for j > i, and assume ¢ = (1-¢)/(1-6)> 0.
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The wage and the return to capital depend on the capital-labor ratio, k. Per
capita production isy = Ak*, where « is the capital share and A is a (constant)
technological parameter. Then the equilibrium wage equalsthe marginal product of
labor, i.e.w = (1 - o) Ak*, and the return to capital isits rental price minus the
depreciation, i.e.r = aAk*! - §, where § is capital’sdepreciation rate®®. Sincethereis
no technological change, there is only growth in income per capita during the
transition to the steady state. .

Incomeisallocated to alternative uses: K isfamily savingsintheform of physica
and human capital accumulation; cN isfamily’sadult consumption; and (A + Ag)nN
istotal expenditure on children. The budget constraint, in per capitaterms, isthen
given by

©) c+(A+Ag)n+k=w+(r—n)k

which states that expenditures plus saving must equal income.

2.2. Solving the Model

The household's problem isto choose the time paths for control variablesc, q,
and n that maximize (2) subject to (1) and (3). If weassumeaparticular formfor the

instantaneous utility functioninwhich @ — 1 —.€. theinstantaneous utility function

convergesto thelog utility form—, the solution of the model is characterized by the
following system of equations:

@ K

AK* —(n+8)k-c—(A+2q)n

and

©

13 |n this model the level of wages depends on the level of per capita human and physical
capital in the economy, and is independent from the standard of living of children. Although
there is some evidence linking wages to living conditions during childhood, this evidence is still
inconclusive and limited to individuals, not to economy wide measures of income and health.
Strauss and Thomas (1998) find a positive association between adult height and wages at individual
levels, and Case, Lubotsky and Paxson (2001), provide evidence that this positive association
can be attributed to health in childhood. On the other hand, Dasgupta (1993), emphasizes that
there is no evidence of an association between income and adult height at the macroeconomic
level, and that there is no one-to-one link between child height and final adult height. Therefore,
we take a conservative stance and remain within the traditional neoclassical model of production
for the purpose of determining wages and rates of return to human and physical capital.
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are two first-order differential equations characterizing capital accumulation and
adult consumption growth, respectively; while

©) o (c+¢-1) (c/k)
and - o-(l+A/k)—%(C/k)

@)

give the level of fertility and children’'s standard of living for given values of the
stock of capital. Thelaw of motionin (2) closesthe system.

Noticethat equation (7) statesthat the standard of living of childrenisnegatively
related to net fertility, and positively related to adult consumption. The relation
between adult consumption and fertility will then be crucial for the evolution of the
quality of lifeof children.

Thismodel cannot be solved analytically. We solveit numerically with thetime-
elimination method developed by Mulligan and Salai Martin (1991). A key aspect of
the system of equations (4)-to-(7) is that one can use (6) and (7) to substitute for n
and g in (4) and (5) and thus obtain an autonomous system of differential equations
inc and k. Thetime-elimination a gorithm then gives usthe policy function of adult
consumption ¢(k) and the time path of capital stock k(t) that solve the autonomous
system. To find the policy function of children’squality of life, q(k), and the policy
function of fertility, n(k), we substitute c(k) and k(t) back into (7) and (6).

Thefollowing parameter values are used in the solution of the model:

a=.68 A=1 p=.04 §=.05 ¢=.20 =.20 6=.90 A=50 A=1

These parameter values were kept as similar as possible to the ones used in
previous literature. ParametersA, §, ¢, , and A havethe samevaluesasin Barro
and Salai Martin (1995), while o and p have had their values changed from 0.75 to
0.68, and from 0.02 to 0.04, respectively. A discount rate of 0.04 iswell within the
values usually found in the literature, while the value for « is till consistent with
our broad interpretation of capital, representing the sum of both human and physical
capital inthemodel. Two new parametersare 2 and o . The parameter A hasbeen set
equal to 1 under the assumption that the commaodity g ismeasured in the same units
as adult consumption; while ¢ was set equal to 0.9 so that 1 - o = 0.1, whichisthe
share of expenditures on children on total personal consumption in the USA4,

4 From Haveman and Wolfe (1995), and the US National Income and Product Accounts we
estimate that total parental expenditures on children —excluding government expenditures on
children, housing and transportation— are about 10% of the US Real Personal Consumption
Expenditures, and as a consequence we set ¢ = 0.9 in the simulation of the model.
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2.3. The Policy Functions

Graphs 1 and 2 show graphs of the policy functionsthat result from the numerical
solution of themodel. A policy function givesthe optimal value of acontrol variable
—fertility, adult consumption, or quality of life of children—for each value of the state
variable —stock of physical and human capital—, in per capitaterms. Graph 2 also
shows the optimal time path of capital accumulation.

The policy functionsfor fertility, n(k), and the standard of living of children,
g (k), areshownin Graph 1. Under the parameterization chosen, the model predicts
a nonlinear U-shaped relation between the standard of living of children and the
stock of capital per head, and by extension anonlinear relation between standard of
living and income per capita—given the neoclassical production technol ogy assumed.
The standard of living of children fallswith capital accumulation when the stock of
capital per capitaislow, but both variables are positively associated when the stock
of capital islarge. It also predicts ademographic transition characterized by apositive
association between fertility and capital stock per capita when the country is poor
and a negative association as the country gets richer.

GRAPH1
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The adult consumption policy, c(k), is shown in Graph 2. Adult consumption
grows monotonically with the stock of capital and remains undisturbed by the
dynamics of fertility and the standard of living of children.

We can usefirst order conditions (6) and (7) to interpret the dynamics shownin
Graph 1. Equation (6) statesthat at low levels of capital per capitathe fixed cost of
each new bornislargerelativeto the stock of capital, and thereforefertility islow;
then, ascapital isaccumulated, thefixed cost of children fallsrélativeto the stock of
capital per capitaand fertility increases. Thisinitial increasein fertility islarger than
theincreasein adult consumption and, from (7), we get that the standard of living of
childrenfalls. Asthe stock of capital per head grows, theweight of thefixed costin
the production of children becomes|essimportant and theincome effect on fertility
vanishes; eventualy, fertility starts to decline towards its low steady state value.
From equation (7) wethen seethat thejoint effect of declining fertility and increasing
adult consumption is to reverse the negative trend in the standard of living of
children; the quality of life of children startsto improve with capital accumulation.

GRAPH?2

CAPITAL ACCUMULATION OVERTIMEAND ADULT CONSUMPTION
ASAFUNCTION OF CAPITAL PERHEAD

Adult Consumption, c(k)

o] 20 40 63 80 100 120 140 160 180 200
k

Capital Stock, kit)

24



ECONOMIC DEVELOPMENT AND THE QUALITY OF LIFE OF CHILDREN

Noticethat the stock of capital per head at which standard of living reversesits
declining trend issmaller than the stock of capital per head at which fertility peaks.
Thisis so because the positive effect of adult consumption on children’s quality of
life outweighs the negative effect of fertility as soon as fertility growth begins to
slow down.

The solution of the model is completed with the analysis of the behavior of k
over time. Graph 2 displaysthetime path of the stock of human and physical capital.
Capital per head grows steadily over time, and converges to the steady state’®.

Summarizing, the model predicts that living conditions during childhood first
decline with economic growth, mainly dueto the fast contemporaneousincreasein
fertility, and that living conditionsimprove only after fertility growth slows down
and fertility startsto fall. In the next section of the paper we show that this pattern
of development is supported not only by historical studies of height, but also by
the relation between children’s stature and income per capita observed across
countries today.

3. CHILDREN' SSTATUREAND GDPINA CROSS-SECTION OF COUNTRIES

In this section we estimate the relation between the quality of life of children,
fertility, and income per capitain across-section of countries. The policy functions
derived in the previous section establish that fertility and quality of life can be
estimated as reduced-form functions of the stocks of physical and human capital.
We use measures of adult educational status and income per capita as proxies for
these explanatory variables, and average height-for-age as proxy for the quality of
life of children. To be consistent with the model, we use net fertility asthe relevant
measure of fertility?s. The estimated relations are then interpreted in the light of the
mechanics of the model.

15 As Graph 2 shows, human and physical capital accumulation is affected neither by
increasing fertility rates nor by declining living conditions of children. Becker, Murphy and
Tamura (1990) introduce a model in which the positive association between fertility and
income per capita at low levels of income per capita hampers the accumulation of enough
human capital so that very poor countries remain in a poverty trap characterized by low
income per capita, high fertility, and low human capital levels. The difference between their
model and this one is that they consider all expenditures in children as conducive to larger
levels of human capital, while we distinguish investments which improve children’s living
conditions from expenditures that improve their future income in the form of human and
physical capital. This distinction allows us to remain within the neoclassical framework and
find a unique equilibrium for the model.

16 Net fertility is defined as total fertility times (one minus the under five mortality rate).

25



MARCELO DELAJARA

3.1. Model Specification

The theory predicts a nonlinear relation between both fertility and children’s
height and income per capita. To capture this nonlinearity in the cross-section of
countrieswe estimate aquadrati c regression equation using L og(GDP) and Log(GDP)
squared as independent variables; Log(GDP) is the logarithm of Gross Domestic
Product per capita. From the model we expect the estimated rel ation between fertility
and Log(GDP) to be positive on the linear term and negative on the squared term;
while for the average height of children we expect the opposite signs. We also
include measures of adult education as independent variables in the regression.

The model predicts that average height and net fertility should be negatively
correlated across countries. Graph 3 shows that this negative associationisclear in
our sample of countries. Both fertility and stature are assumed to be determined by
the same set of variables, however, so we estimate the rel ation between fertility, the
height of children, and income per capitain two separate regression equations, one
for fertility and one for height. We use log of net fertility and log of height as
dependent variables in order to interpret the estimated coefficients as income
eladticities.

Steckel (1983 and 1995) suggests that income distribution affects the average
height of children, independently of income per capita. We control for income
inequality in some of the specifications of the model, using the Gini index as the
measure of inequality. Since income inequality is endogenous itself to changesin
income per capita and educational attainments, we use instrumental variables (1V)
estimation for this specification'’. To control for the presence of exogenous changes
in average stature over time, some specifications of the model include atimetrend
variable which keepstrack of theyear height has been measured in each economy?®,
Weresort to 1V estimation for these specifications aswell.

3.2. The Data

Dataon theaverage height of children come from Eveleth and Tanner (1976 and
1990)%°. Wework with 10-year-old boys height datathat are representative of national

17 Barro (2000).

18 Easterly (1999).

1 They report the average height of children, by sex, age, and ethnicity, for several countries
in al continents, as well as the year of height measurement. However, not all the reported
heights are representative of national averages. To make sure that representative figures are
used, we only make use of the data on heights for those ethnic groups which constitute a majority
in a given economy, as well as regional height data representative of national trends.
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GRAPH3

CHILDREN’S AVERAGE STATURE AGAINST NET FERTILITY
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averages®. We have observations for 49 countries satisfying these requirements™.
Date of height measurement differs across countries, so the corresponding values
for income and education are those prevailing ten years before in the country. For
example, if children have been measured in 1980 in a given country, we use the
valuesfor fertility, education, andincomeper capitaprevailingin 1970 inthat country.

Table 1 shows summary statisticsfor the height of children. Thetallest childrenin
this sample are the Dutch with an average height of 142,2 cm at age 10, while the
shortest children in the sample are the Nepalese with 105 cm. Thisisarange of 37,2
cm to be explained by GDP per capita and adult education differences across
countries?,

2 We concentrate on the average height of 10-year-old boys for two reasons. One reason is
that the rate of human growth declines continuously from birth to about the age of 10 in boys
(about 9 in girls) when it reaches a lower bound, it stays at that level for about a year or two and
then during adolescence increases again considerably for about two years only to decline again
and, asymptotically, approach zero. Through the use of 10-year-old mean height data we are
trying to avoid the too differing patterns of growth that may occur at previous and later ages,
when growth is faster. The other reason is that height data is not always available at younger and
older ages for as many countries as we analyze here.

2 The 49 countries are —sorted by the average height of children— the Netherlands, West
Germany, Switzerland, Norway, Sweden, Denmark, Hungary, Greece, Italy, Australia, New Zealand,
United States, Canada, UK, Ireland, Belgium, Argentina, France, Turkey, Japan, Hong Kong,
Costa Rica, Uruguay, Botswana, Brazil, Spain, Tanzania, Saudi Arabia, Fiji, Nigeria, Egypt, Sudan,
Tunisia, Ghana, Chile, Zaire, Liberia, Gambia, Ethiopia, Kenya, South Korea, Philippines, Mexico,
Bolivia, India, New Guinea, Malaysia, Guatemala, and Nepal. For six countries the average height
is the linear average of the mean heights reported for rich and poor children.

2 |t is important to stress that the range of average heights to be explained is larger than the
difference between children’s height today and children’s height 200 hundred years ago in western
economies.
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Summary statisticsfor fertility arealso shownin Table 1. Noticethat variability
in net fertility is also very large, with arange of 5 surviving children per woman
between the country with the largest level of net fertility (Kenya) and that with the
lowest level (Hungary)Z.

TABLE1

SUMMARY STATISTICS

Stature Net Per Capita GDP| Literacy| Primary | Secondary
(cm) | Fertility| (1985 prices) | Rate (%)|School (%) | School (%)

Mean 13225 | 4.0 4,193 63 82 28
Standard deviation| 6.85 | 1.6 3,745 35 36 23
Maximum 14220 | 6.8 13,233 100 144 74
Minimum 105.00 | 1.8 257 7 5 1

Source: Height data are from Eveleth and Tanner (1976,1990); total fertility data are from
the World Development Reports 1978 and 1994; mortality rates are from World Resources
1994-1995; income data from Penn World Table 5.6; literacy and schooling data are from the

World Development Report 1978 and the Human Development Report 1994.

Thelogarithm of per capitaGDP—in 1985 international prices—isour measure of
income per capita. Theseva uesfor income per capitaare comparable across countries
and over time. Summary statistics for GDP per capita are shown in Table 1. The
range of income across economiesisabout 13,000 dollars, with the poorest economy
being Ethiopia (1965) with anincome per capitaof 257 dollars, and therichest being
the USA with anincome per capitaof 13,233 in 1980.

Two different measures of adult education are included in the estimation. Adult
education is measured by adult literacy rates and by primary and secondary school
enrollment. Statisticsfor adult literacy and school enrollment are shownin Table 1.
The range in adult educational attainment across countries in the sample is also
large.

2 The range of values for net fertility in our sample is as large as the one observed between
fertility levels today and 200 years ago in western economies.
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3.3. Results
GDP, Fertility, and Children’s Height

The main regression results are shown in Table 2. The estimated model for the
log of children’sheight isshown in thefirst two columns, while the estimated model
for the log of net fertility is shown in columns (3) and (4). The estimated relations
have the expected shape.

The estimated relation between log fertility and log(GDP) yields an income
elasticity of net fertility equal to 1.27-0.178 log(GDP); thismeansthat the estimated
relationship ispositive aslong as GDP per capitaislower than 1,254 dollars (at 1985
prices), and negative at larger levels of income*.

The estimated rel ation between |log of average stature and log(GDP) impliesan
income elasticity of height equal to-0.18+0.026 log(GDP). Thereforethe estimated
relationship is negative for per capita GDP values lower than 1,015 dollars (1985
prices), but positive after that threshold level of income.

TABLE?2
REGRESSIONSFORFERTILITY AND CHILDREN’ SHEIGHT

Log (Height) Log (Fertility)
Regressors 1) @) 3 4
Log(GDP) -0.18 -013 127 158
(0.075) (0.069) [(oX)] 039
Log(GDP) squared 0013 0.004 -0.089 011
(0.005) (0.0043) (0.026) (0.023
Literacy rate 0.0007 0.0075
(0.0002) (0.003)
Primary school 0.00063 -0.002
(0.00037) (0.002
Secondary school 0.0001 -0.0076
(0.0003) (0.0035)
Constant 547 528 -2.66 -389
(0.28) 0.27) (152 (128
No. observations 49 49 49 49
R-squared 048 047 062 064

Note: Standard errors in parenthesis.

% Income elasticity eguals the coefficient of Log(GDP) plus two times the coefficient of
(Log(GDP) sguared) times Log(GDP).
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Overall the fit of the model is good, and supports the predicted U-shaped
relation between children’s average height and GDP that is contemporaneous to
an inverted U-shaped relation between fertility and income per capita. These
findings are also consistent with the model’s prediction that the level of income
per capita at which fertility peaksislarger than the level of income per capita at
which height reaches its lowest bound. Graph 4 shows how the estimated relations
fit the data

How do we interpret these results? According to the model in Section 2, the
estimated negative relation between children’s average height and per capita GDP
for economies with an income lower than 1,015 dollars is driven by the positive
relation between income per capita and net fertility estimated for that same range
of income. Likewise, the positive relation between stature and income estimated
at higher levels of income per capita is attributed to the joint phenomena of
declining fertility and increasing adult consumption.

One should take the quadratic log-log specification as just an approximation
to the nonlinear relation between height and income. One clear drawback of this
specification is the implication that once the income threshold has been reached
income elasticity of height increases with income per capita, albeit at a declining
rate. This double log specification notwithstanding, the income elasticity of height
found here is much smaller than that found in a previous study by Steckel (1983).
He reports an elasticity of 0.27 while our estimated elasticity not only depends
on Log(GDP) but is smaller than his estimates for all possible values of income
per capita.

Regarding the effect of adult education, we find that adult literacy rates are
positive and significantly related to children’s average stature, and negatively
related to net fertility. In terms of school enrollment, average height is positively
associated with primary school enrollment but not with secondary school
enrollment, while net fertility is negatively associated with secondary school
enrollment but not with primary school enrollment.

These results support the prediction of the model that income per capita
growth does not have an immediate effect on the quality of life of children.
Improvementsin the quality of life of children are sizeable only when net fertility
starts to decline and income per capita levels are large enough.

It isimportant to emphasize here that the model of Section 2 tells us that this
pattern of development results from the utility maximizing behavior of families
during the process of economic growth as they choose between bearing more
children and improving their quality of life.

30



ECONOMIC DEVELOPMENT AND THE QUALITY OF LIFE OF CHILDREN

GRAPH4

CHILDREN' SAVERAGE STATUREAND NET FERTILITY AGAINST GDP

CHILDREN’ SAVERAGE STATURE AGAINST GDP

495 - o
C% 8) L)
49- 8 ©
= ‘e o] o 0 o] .-
) 020 3R, Uawes S05°
9 485 ° o8 oo
p [9 o
@ 48-
g )
4,75
47 -
465 o
5 6 7 8 9 10
Log (GDP)

|0 Actual « Predicted |

NeT FeRTILITY AGAINST GDP

2,5
2,
[}
N €08
£15 _e&i}.o.... .9
i e * ® g OO
g 1 o ° o"'ﬁ.,
%, &8"’0
05 *®
0 : : :
5 6 7 8 9 10

Log (GDP)

O Actual e Predicted

Income Inequality and Exogenous Changes in Stature

Steckel (1983 and 1995) arguesthat thevariability in average heightsis sensitive
to income inequality, and that the relation between income per capita and average
children’s height is not correctly estimated unless we control for inequality in the
estimation. Theideaisthat larger inequality, given income per capita, isassociated
with alarger percentage of children livingin poorer conditionsand thuswith alower
average stature.
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To control for income inequality we include the Gini index in our regressions®.
Barro (2000) shows that the Gini index is actually determined by income per capita
and measures of human capital. Then, to estimate the model we have to resort to
instrumental variable (1V) estimation?®. The result of controlling for inequality is
shown in Table 3, regression (1). The U-shaped relation between average stature
and Log(GDP) survivesthe inclusion of the Gini index, although the coefficients
are only significant at a10% level. The coefficient for the Gini index is negative,
as expected, but statistically insignificant.

The possibility that a quality of life indicator may change over time holding
income constant has been explored by Easterly (1999). He called these changes
«exogenous» in the sense that they might represent endogenous global
innovations which are a function of the global growth rate and independent of
individual country income growth. Easterly finds that these exogenous changes
explain a sizeable part of the change in several indicators of the quality of life.
Given that the year of height measurement differs from one country to another in
our sample —with a span of 25 years from the oldest to the most recent
observation—, average heights might be affected by time.

To control for these exogenous changes we include atime trend variable which
measures for each observation the number of years elapsed since 1960, the first
year for which we have an observation in our sample.

Once we include time as an independent variable in the estimation of average
stature, 1og(GDP) and adult education become endogenous themselves in the
regression, and we have to estimate this specification using IV estimation. The
instruments for Log(GDP) and adult education are the predicted values of
Log(GDP) and adult education, respectively, that are obtained by regressing them
on the time trend variable and other country characteristics.

The result of this estimation is shown in Table 3, regression (2). The estimated
relation between children’s average stature and GDP remains the same as before,
and the estimated coefficient of time is statistically insignificant.

Summarizing, the estimated nonlinear relation between children’'s average
stature and income per capita does not seem to be disturbed whenever we con-
trol for income inequality and year of height measurement.

% The values for the Gini index come from Deininger and Squire (1996). The criterion
used to select the Gini values from the database was to choose the highest quality measure
of the Gini index available for the year closest to that of birth of the children in the
corresponding country.

% The instrument for the Gini index is its predicted value in the regression of the Gini
index on Log(GDP), Log(GDP) squared, adult education, countries’ cultural and other
characteristics, and the time trend variable.

32



ECONOMIC DEVELOPMENT AND THE QUALITY OF LIFE OF CHILDREN

TABLE3
CONTROLLINGFORINEQUALITY AND EXOGENOUSCHANGES

Log (Height)
Regressors 1) (2)
Log(GDP) 0125 020
(0.07) (0.097)
Log(GDP) squared 0.009 0015
(0.0047) (0.007)
Primary School 0.0009 0.0001
(0.0009) (0.0005)
Secondary School -0.0008 5,00E-06
(0.0006) (0.0012)
Gini Index -0.0025
(0.002)
Time 7,00E-06
(0.001)
Constant 534 552
0.27) 032
No. Observations a7 29
R-squared 048 0.39

Note: Standard errors in parenthesis.

4.DISCUSSION

In the two previous sections a unified explanation is given for the evolution of
children’sheight in Europe from the onset of theindustrial revolution to the present
days. Our model showsthat the historical stages of decline, stagnation, and growth
in heights are al part of a process associated with the industrial revolution and
demographictransition. The puzzle of declining heights during periods of increasing
income thus disappears once we introduce fertility into the picture.

Itisimportant to stress here the economics behind our unified explanation. We
assume that utility-maximizing households, who are constrained by income, time,
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and other resources, have to choose between the number of surviving children they
have and the resources they allocate to each of them. For the representative
householdin apoor but growing economy higher net fertility ispreferred to children’s
quality of life, and the opposite is true when income per capita is above a certain
threshold level. This development leads to a deterioration of children’s living
conditions and health indicators during theinitial stages of economic growth, and
to fast improvements in children’s living conditions and health indicators at later
stages of economic growth.

The model is sufficiently stylized so that its assumptions can be specialized to
the specific environment of interest to economic historiansand still retain themain
quantity-quality trade-off. For instance, consider the cost of children: the form we
have assumed for this cost function could be easily reinterpreted to accommodate
the historical patterns of child labor participation; uses of time by women; women
labor participation; the gender wage gap, and government’s labor legislation, etc.,
developments which might have affected the cost of children in the same way as
capital accumulation doesin the model.

The important point is that costs are involved and that they affect the quality
and quantity of children. The fact that this quantity-quality trade-off is aso the
main building block of most successful theories of the demographic transition and
the transition from Malthusian stagnation to sustained growth is another point in
favor of our approach. Other explanations of the evolution of height changeswhich
do not involve fertility considerations lack this symmetry and are less universal.

Since the industrial revolution and the demographic transition have proceeded
at different pace across countries of the World, it is not surprising that the pattern
analyzed inthe model isalso foundin acontemporary cross-section of countries, as
shown in Section 3.

An interesting exercise is to ask how well these cross-country estimates can
account for the very long-run changesin children’s stature in Europe. After all, the
range in the values of average height, income, education, and fertility observed in
our sample of contemporary economies approximately matchesthe range observed
inthevalues of those variables over time, between the early nineteenth century and
the second half of the twentieth century.

Let's consider the case of English heights. According to Tanner, Whitehouse
and Takaishi (1966) the mean height of 13-year-old English boysbornin 1952 was
153.4 cm, whileit was 137.3 cm for those born in 1820 —according to Floud, Wachter
and Gregory (1990)—or even lower, 129.43 cm according to Komlos (1993a). How
could our estimates be used to account for this observed long-run change in
children’s stature?

First note that our empirical model has been fitted to data on 10-year-old boys
height. We thus need to change the estimated val ue of the constant from 5.47 to 5.55
to capture the 20 cm difference existent on average between 13- and 10-year-old
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boysin England around 1965. Given that income per capitawas 6,987 (1990 Geary-
Khamis) dollarsin England in 1952, and if we assumethat primary school enrollment
was around 92 % at the time, then the estimates in Table 2, column (1), correctly
predict that the stature of 13-year-old boysbornin 1952 was 153.43 cm.

We would then like to know what the predicted stature is when income per
capitais 1,756 (1990 Geary-Khamis) dollars—the income per capitain England in
1820, primary school enrollment isabout 30% —theenrollment prevailing in England
in 1820—, and we keep the constant term at 5.55%. It turns out that the predicted
statureis 141.13 cm. Thisvalueistill larger than the 137.3 cm. reported by Floud,
Wachter and Gregory (1990).

The reason why the model overestimates for 1820 might bethat it is calibrated
for all English boysin 1965, whereas the height datafor 1820 isfor the ultra-poor
boys of London, and one would expect their height to be much lower than the
average. Notethat, according to Floud et al. (1990, p. 176), the heights of the upper
class 13-year-oldswas about 150 cm. So the mean height was certainly abovethat of
the poor boys. In addition, growth in height between age 10 and age 13 was much
less in the nineteenth century than nowadays. Komlos (1986) shows that in early
nineteenth century the incremental growth was closer to 12 cm?. Actually, the 3.8-
cm-discrepancy inour exerciseisfully explainedif thisdifferencewas 12.9 cm?. We
thus concludethat our cross-country sample estimates explain quite well the changes
in height observed in the very long-run in England.

27 The values for income per capita in 1990 Geary-Khamis dollars are taken from
Maddison (1995). Crafts (1997) reports that the average number of years of schooling in
the English population around 1820 was 2 years. Assuming that a percentage of the
population enrolls in primary education and the rest does not enroll in any kind of educational
program at all, and further assuming that completing primary education takes between 6
and 7 years, then average adult educational attainment in terms of primary school enrollment
must have been around 30%.

28 This argument, which clearly explains why our model overestimates the height for
1820, was kindly provided to us by an anonymous referee.

2 The same exercise can be carried out using literacy rate as the measure of adult
educational attainment. In this case we change the estimated value of the constant from
5.28 to 5.38 to capture the 20 cm difference existent on average between 13 and 10 year-
old boys in England around 1965. Using the income per capita in England in 1952, and
assuming a literacy rate of 95 % at the time, the estimates in Table 2, column (2), correctly
predict that the stature of 13-year old boys born in 1952 was 153.3 cm. The predicted
stature for the income per capita in England in 1820, with the same constant term and the
literacy rate prevailing in England in 1820 —-54.5% according to Crafts (1997)— is 144.25
cm. This value is larger than the 137.3 cm. reported by Floud, Wachter and Gregory (1990).
The remaining 6.9 cm are explained if the difference in stature between 13 year-olds and 10
year-olds was 10.3 cm in 1820.
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