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The rise in the material standard of living that has taken place over
the last 250 years is rightly celebrated as an enormous accomplishment
of our species. But parallel to this increase in the amount of goods
and services that people consume has been an improvement in human
health, both the number of years lived and health status during those
years. In terms of welfare, it is not immediately clear whether income
or lifespan growth is the greater accomplishment.

In this essay I explore the relationship between economic growth
as conventionally measured (in terms of income or consumption) and
improvements in health. I begin with a discussion of how income and
health have evolved over time in the leading countries (that is, the rich-
est and healthiest). This is followed by an examination of the cross-
sectional relationship between health and income among countries.
I then move on to discuss the causal relations between health and
income, both over time and across countries. Among other things,
I argue that the very strong cross country relationship between health
and income may reflect relatively little causation running in either
direction, but is instead strong evidence of the importance of “institu-
tions” for both outcomes.

3.1 Basic Facts

311 Long-Run Changes in Income and Health

Eeonomists studying economic growth are well acquainted with the
basic facts regarding the long-run evolution of the standard of living.
First, for most of human history, there was almost no long-run trend
in output per capita, as best we can measure it. Standards of living in
the most advanced countries on the eve of the Industrial Revolution
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might have been a bit higher than they were in, say, Roman times,
but the difference was small, and on an annualized basis, the rate of
growth was trivial. Keynes’ (1930) characterization was largely correct:
“From the earliest times of which we have record—back, say to two
thousand years before Christ—down to the beginning of the eighteenth
century, there was no very great change in the standard of life of the
average man living in civilized centres of the earth. Ups and down
certainly. Visitations of plague, famine, and war. Golden intervals. But
no progressive, violent change. Some periods perhaps 50 per cent bet-
ter than others—at the utmost 100 per cent better—in the four thou-
sand years which ended (say) in A. D. 1700.” Such relative constancy
in living standards is well explained by a combination of slow techno-
logical progress and the Malthusian channel by which temporary in-
creases in income called forth higher population growth, which in turn
pushed living standards back toward their equil ibrium level (Galor and
Weil, 2000). A gsecond well-established fact is that, among the countries
that first entered into the phase of modern economic growth, the trend
growth rate of income has been remarkably constant for approximately
the past 150 years. In other words, plotted on a log scale, income per
capita looks to be very close to a straight line. Of course, there are
important deviations from this trend, such as the Great Depression.
Further, careful examination reveals evidence that the trend in growth
is not completely constant. Finally, it should be noted that between the
period of near zero growth that characterized most of human history
and the current regime of constant growth there was a period of a cen-
tury or more during which the engine of growth was revving up but
had not yet reached full speed.

While the growth of the leaders has been remarkably constant, a
great deal of action has occurred elsewhere in the cross-country income
distribution. Many countries experienced little or no growth during this
150-year period, creating enormous gaps between the richest and poor-
est countries. Other countries entered late into the growth game, and
their growth has followed a different pattern than that of the leaders.
As Lucas (2000) points out, the later a country began the process of
growth, the less subject it was to the speed limit that restrained the lead-
ers. Growth miracles have always been of the catch-up variety, with
growth inevitably slowing down as trailing countries approached the
front of the pack. Also, while growth in the leading coun tries has been
relatively constant, a good number of grow th disasters and stagnations
affected countries that lagged behind.
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The basic facts regarding health impr
startllingl.y similar to those juit described f%: Z::)rrli)ﬁijl gg\il’:h t(1;' b’ce
as with income, there was apparently little long-run change 1n ai/rs ,
age health during most of human history. Parallel to the pre%zious o
tation from Keynes, we can in this case quote Malthus (1798): ”\(/]\?t(:)ll
regard to the duration of human life, there does not appear t h :
existed from the earliest ages of the world to the preserﬁpmomgnt i;’lz
sAmallfest Permanent symptom or indication of increasing prolongation.”
\s with income growth, the exact timing of the switch from sta .
tion to grovs{th is disputed. At one extreme, de la Croix and Licarl?:ilti :
(2015) use.b1ographies of three-hundred thousand famous individu 10
born start'lng in the twenty-fourth century BCE as a tool to measwjrS
the tr?nd in mortality. By construction, their data focus only on adulte
whc? l‘1ved long enough to become prominent and on regions that w. y
su.ff1c1e.ntly developed such that written biographical records surviere
pn.ma?ﬂy Europe. De la Croix and Licandro date the beginning of mve’
tality u-nprovements to the cohort born between 1640 and 1g649 T(ilr-
mean lifespan of famous people was sixty years in the four mille.ennie
prior tf) that cohort, and by the time of the cohort born in 1869 thal
mean lifespan had risen to sixty-nine. By contrast, Peltzman (2009) c;ha ;
acterlzes' the history of life expectancy in five currently rich countri:
as shqw1'11g little progress until approximately 1850. Maddison (2005;
reports life expectancy in Roman Egypt at twenty-four years, which i
lth‘e same as the value for England during the fourteenth centu,r B tI:S
m1ddle of the eighteenth century, life expectancy was thirt —fiz,r. ears
in England but still twenty-five years in France. FEETEE
' As with income growth, a second important fact regarding health
unp‘rovement is the relative constancy of health improvemeri in the
Cuttmg-ec'lge countries. Oeppen and Vaupel (2002) find that life ex-
Ejgtial?cy in thg countri(i:s with the highest life expectancy in the world
= rfzezised ll?early since 1840 at a pace of three months per annum,
e iden%r; 0 fa 1flowdolwn (although there has been more fluidity
- 3 (]>3 the ‘leadmg countries with respect to life expectancy
- Cs een in the case of income). In addition, similarly to
expecta,n . honstant pace of. improvement at the cutting edge for life
e y has contrasted with more variability among countries with
er life expectancy. The initial increase in lif
S : in life expectancy occurred
B generally thc? same ones that experienced early
E me), r(‘esultmg in historically unprecedented gaps in
een countries. Also, countries with life expectancy well
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below that of the leaders have experienced health 'miracles ’.drt w}fire;
if anything, more dramatic than the growth‘ mn:acles wit ) w 1'cf
economists are familiar. A prominent example is Sri Lanka, where é ;
expectancy rose by twelve years d uring the period from 1936 ’;)N l?lt :
During a longer period, 1950 to 1999, 11er expfectancylrgs.e g}th C“Zq
eight years in India and by thirty years in Chma,‘ which in bc \ i
was more than twice as fast as the pace In the cutting-edge ‘coun rfes. |
Although there are many interesting aspects of the . mcn;m(; an !
health data just described, this essay fc.)cuses on the f1rst actprce
viously listed for each of these dimens1o.ns~the relative ;(5)(1)13 azrzr
of growth at the leading edge for approx1‘mately the past ty(;1 O“;
Before beginning, however, it is worth taking a moment to not }f o
unexpected and even strange the constancy of these' two g;(.)v\; » ; "’
is. Regarding income, the odd constancy of growth is best 1gf lig !
by considering all the aspects that influence t'he growth rate of incom
in the standard models of growth. The brief list of su.ch fac}t\ors. 1si
technological progress, accumulation of facto.rs of p}"odl'lctl.on (}1) fysma-
and human capital), and change over time in the institutional frame
work in which production takes place. In some of th.ese cases,h we
have well-established quantitative frameworks for thmku"lg E-iboﬁt ow
a given change will contribute to growth. For example, wzt}.un the cc;\n;
text of the Solow model, we can trace out the growth trajectory t a
will result from a given increase in the invest.ment rate or deli:refase in
the population growth rate. Similarly, the Mincer frarr}ewor bglves 3
quantitative answer to the question of how much a part1cu1a_r 0 se;\;f
rise in educational attainment should affect growth. Regarding ‘tec ho;
logical progress, we have more theoretical models of the ft;ncu}c‘m t i_
maps R&D effort into technological progress and th‘at study t.-e (.:OB
ditions under which the growth rate of technology will be constant. y
contrast, concerning institutions, we we do not hgve a workab.le CII:laﬂ tl—f
tative framework for either measuring or estimating the.z contr%bunon_z
institutional change to growth. What is clear, however, 1s.that in C?I;Sl‘ ;
ering the past 150 years of growth in the leading :counl'rles, all Lj.ffl’ 11[&; :
mechanisms should have been operative. Populati on growth hfl.h a. - {
investment has risen; educational attainment has risen massively; 1:“1-
vestment in new technology, measured by the fraction of the la r(:d
force doing R&D, has increased; and institutions have changed be‘};zm_
recognition (consider, e.g., the share of output controlled by ‘the gto o
ment). Further, the changes in these various gmw‘th -:let.er.mman stment
far from constant during the period under consideration, Inves
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rates, for example, rose considerably more during the first half than
during the second, while the rise in R&D spending is primarily a post-
World War II phenomenon. Why these diverse changes resulted in rela-
tively smooth growth is basically a mystery (Jones, 2002). Furthermore,
in the face of this mysterious outcome, it is hard to know how confident
one should be in extending the trend into the future.

Once again, the case of health improvement is largely parallel. Rather
than looking to a production function, in this case, we see changes
over time in both ages and causes of death as well as the means by
which health improvements were achieved. In the United States, 64%
of the gain in life expectancy that occurred between 1900 and 1940
was attributable to reductions in mortality before age fifteen, while 7%
was due to reduced mortality between ages forty-five and sixty-four
and only 3% to reductions in mortality at ages sixty-five and greater.
Between 1960 and 1990, reduction in morality in the first age group
contributed 30% to increased life expectancy, compared to a 28% contri-
bution from the second group and 36% from the third. Going forward,
the share of life expectancy gains resulting from decreased mortality
among the elderly will continue to increase.! In 1900, the leading causes
of death in the United States were pneumonia and influenza (together,
11.8% of deaths), tuberculosis (11.2%), and diarrhea and other intestinal
conditions (8.3%). In 1998, infectious diseases such as these had largely
been eliminated, and the three top causes of death were heart disease
(31.0%), cancer (23.1%), and stroke (6.8%).2 In the leading countries,
improvements in life expectancy before the late nineteenth century are
considered largely the result of rising living standards, although there
is some debate about this issue (Fogel 1993; Deaton 2013). In the last
decades of the nineteenth century and into the first several decades of
the twentieth, the main drivers of rising life expectancy were improved
access to clean water and other changes in behavior that followed the
acceptance of the germ theory of disease. From the mid-twentieth cen-
tury onward, explicit medical interventions rose to a dominant position
as a source of further gains in longevity.

Given the relative constancy of income growth and life expectancy
improvement in the leading-edge countries, it will be useful to form
a simple ratio between the two. As noted previously, life expectancy
%las increased by roughly three months per year at the cutting edge; for
Income growth, a good rough-and-ready figure is 2% per year. (This is
the figure used by Lucas [2000]. The value for the United States might be
closer to 1.8%.) For comparability with the following analysis, I convert
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T
these numbers into a ratio of life years per orlif log unit of 3?1[1“?;2‘;2
a country with GDP per capita growing at 2% per yeair x:fn e e
the log of GDP per capita by one in fifty years, we Slmﬁ y the I?aﬁo N
quarter-year gain in life expecta?é)]z:) 1;931 year by fifty. Thus,
5 life years per one log unit 0 . ' o
" gigun{ 31 ;tresents an alternat(ii\«'fl:i ;‘eckonclzﬁ [:)Jys;t‘?l:;:: cilz:’tja;aslhﬁ\;
the log of income per capita an e expe :h T e or e
quency from 1960 to 2010 for e1gll1t countries 5 e;l o
the cutting edge in terms of both income and he gk e iy T
virst, if we ignore the first decade of data ‘(196[) 1970) m‘a
E?tﬂa'l:lijtfl:::ies that?ivere arguably still experi(?ncmg cat;haup g; ::)dwu:h
(Japan, Italy, and France), then the facts menhoned;eali 1{fr rel-%l o f,_
income growth and life expectancy improvement 'l}ciqk; ]fuf; thybein
stant seem to hold reasonably well (with thfe e_-xc:‘ephon o blto e agt
unusually slow from 2000-2010). Second, it is 1'ntere5t1rl\§ oxn(;ctmc
there are persistent level differences among Lh? mcome-.ll ee 1:; ist;mly
curves that are traced out: the curve for the United States 1}51 ptefl . r?
lower than that for Canada, which is in turn lower than t e; She ng(;
The slope of the income-life expectancy curve 18 not exact %/described
as that based on the calculation from Oeppen and Vaupe

__—_—_'_'Y:_:'._T__ * US
iomt  mCanada
— T
= X France
R L PSR
5 Ax o o Japan
=ER=— 1 Sweden
_X A - Australia
5 95 1o 105 1
In (GDP per capita)

Figure 3.1
Income and life expectancy, 1960-2000.
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previously, but it is not very different either. In this data, the ratio is
about nine years life expectancy gain per one log unit of GDP.

3.1.2 The Cross-Sectional Relationship between Income and Life
Expectancy
A good deal of the academic discussion of the, causal relationship bet-
ween health and income focuses on the cross-sectional relationship bet-
ween the two. Preston (1975) was the first to examine this relationship
in detail, and it is still called the Preston Curve. In his original article,
Preston notes that the relationship between life expectancy and income
has been changing over time—with life expectancy plotted on the verti-
cal axis, the Preston Curve has been shifting upward. The increase in life
expectancy experienced in a country over time can be decomposed into
the part due to higher income (movement along the Preston Curve) and
shifts in the curve itself. Preston’s calculation was that less than one-
third of the average mortality improvement observed between 1930 and
1960 was due to movement along the curve, with the remainder due to
shifts in the curve. In other words, income gains were not the primary
source of health improvements.
Figures 3.2 and 3.3 present data on life expectancy and GDP per
capita for 1960 and 2012. Data are from the World Development Indica-
tors (WDI) database. Points in the scatterplot are scaled proportionally
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Figure 3.2

Préston Curve for 1960,
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Preston Curve for 2012

to the population of the countries they represent. ‘Comparf% t]'j;lil:l
tures, the upward movement of thelPr.estlon culrlve is clear. A log-lines
‘fisation seems to fit the data relatively well.

Spegrf.zzil:rl::&d like to ask of this data both how much the Preston cuIrvi
has shifted upward and whether the slope of 'fhe Pre‘z;?on Cu rve ;]el\
changed over time. A natural approach to this question, csp;ec; ex)i
given the way in which the figure is drawn, w'oulcl bL to regress li Lises
pectaru:y on the log of GDP. A moment’s consideration, h(fwevte}:',. 1rawa
the question of why one would want to run tP.\e 1'egm§bxc):1 is ,iti
rather than the reverse direction, that is, regressing log GDP per cai, n;
on life expectancy. Since both variables are .clea rly L-ll'IdDgEn:C}I.{S afui s
claim is being made that the Preston Curve is s.ornehow a Sth LlLl‘,Llfla N
ationship, there is not a good case for doing it one way in pretere it
to the other. Instead, 1 calculate the slope ot th‘e curve by wnéuflgrres.
regression both ways, inverting the estimate .fmm the ‘se)cortl ki::b. "
sion to put it in units that are similar to the first, and then taking
geometric mean of the two. '

A final issue to address is weighting. Many of the ol
the World Development Indicators (WDI) database represent very

observations 11
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countries, such as Bermuda (population sixty-five thousand). If one
views every country as a draw from some distribution, and if measure-
ments in small countries are just as accurate as those from large ones
(which would probably be the case if were to compare Bermuda and
China), then there is no statistical reason why observations from differ-
ent countries should be treated differently based on population. Con-
versely, to find an empirical relation that describes most of the people in
the world, it is natural to weight large countries more heavily. Follow-
ing, I take both approaches, presenting results for unweighted regres-
sions as well as results using population weights (aweights in STATA).

Table 3.1 shows the results. Panel A presents regressions of life ex-
pectancy on log GDP per capita, while Panel B presents regression of
log GDP per capita on life expectancy. In Panel C, I show both the
inverted coefficient from the Panel B regression and the geometric mean
of the slope implied by Panels A and B.

Using the unweighted data, the Preston Curve became appreciably
flatter between 1960 and 2012. Using the geometric mean of the esti-
mates, the reduction is 2.7-years life expectancy per log unit of GDP
per capita. This flattening is seen in whichever direction the regression
is run. Using the weighted data, the evidence for a decline in the slope
of the Preston Curve is weaker. Using the geometric mean, the decline
is only 0.8 years per log unit of GDP per capita, and regressions run dif-
ferent ways actually give different signs for the direction of the change.
In both the unweighted and weighted regressions, the R-squared falls
between 1960 and 2012, although the change is more pronounced in the
weighted regressions.

For 2012, the unweighted and weighted estimates of the slope of
the Preston Curve are very similar: 5.88 and 5.59 life years per log
unit of GDP per capita, respectively. For 1960, the estimates differ
appreciably: 8.59 and 6.41 life years per log unit of GDP per capita
(these slopes refer to the geometric mean described previously). By any
of these measures, the slope of the Preston Curve is flatter than the slope
of the income-life expectancy trajectory traced out by the data for the
leading countries, which as discussed earlier, has a long-run slope of
12.5. The reason for this difference is, of course, that the Preston Curve
shifts upward over time.

\ The facts presented previously can be combined in a single picture.
F‘lgures 3.4 and 3.5 show the world roughly as we have experienced
1?, with the richest countries experiencing growth in income and life
EXpectancy at rates of 2% per year and one-quarter year per year,
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Table 3.1
Preston Curves for 1960 and 2012

(A) Regression of Life Expectancy on Log of GDP per Capita

1960 2012
nweighted Weighted Unweighted Weighted
Ln(GDP/ capita) 7.15 5.94 459 4.42
(0.51) (0.26) 0.27) (0.26)
Obs. 88 88 181 181
R-squared 0.69 0.86 0.61 0.63

(B) Regression of Log GDP per Capita on Life Expectancy

1960 2012

Unweighted Weighted

Unweighted Weighted

Life Expectancy 0.0968 0.1447 0.1327 0.1415
(0.0070) (0.0063) (0.0080) (0.0082)

Obs. 88 88 181 181

R-squared 0.69 0.86 0.61 0.63

(C) Derivation of Preston Curves: Life Expectancy per unit Log GDP per Capita

1960 2012

Unweighted Weighted

Unweighted Weighted

From Panel A 7.15 594 4.59 442
From Panel B 10.33 691 7.54 7.07
Geometric Mean 8.59 6.41 5.88 5.59

respectively, and the Preston Curve changing in slope according to the
estimates presented and shifting upward. I stress that this is a stylized
representation (along the lines of Lucas 2000). Specifically, I take as the
anchor for the 2012 Preston Curve the values for Japan: log GDP per
capita of 10.33 and life expectancy of 82.8 (the highest in the world
among major countries). I draw the Preston Curve for 2012 under the

assumption that it goes through this point and has a slope equal t0
the geometric mean of the estimates presented previously. To construct

the Preston Curve for 1960, I assume that, in Japan, life expectancy and
GDP per capita grew at the stylized rates mentioned earlier, specificall)’;.
one-quarter year per year and 2% per year. These were not the actual
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growth . .
i Cre;:e: otf ;e.uher lllfe expectancy or income in Japan, but my goal
stylized picture. I assume that the Preston C’urve foi-, 1g96a()

Went through this poi i
e e, EUST(TFPG? t, and I give it a slope equal to the 1960 analogue
or 2012, I complete one version of this picture for the
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unweighted estimates of the Preston Curve and one for the weighted Table 3.2
estimates. (A) Predicted Li . .

The figures clarify that contrary o the simple description of the in- ifciExpedtangyUsing Welghited Fieston Cilive
crease in life expectancy in a country being due to either movement Income P Life
along the Preston Curve or a shift of the Preston Curve, third force Relative to Expectancyli:: f)xrﬁeciancy if  Expectancyif Predicted Life
is at work, namely the change in the slope of the Preston Curve. This Japanin1960 1960 G);ox:&me 12 ::2' Shciﬂ in  Expectancy in
change is considerably more notable in the case of the unweighted esti- 100% Y o e 2012
mates than in that of the weighted estimates. Further, by construction, 50% 65.4 72'0 77.0 828
the effect of changing the slope of the Preston Curve becomes more sig- 20% 59.5 6 6: 1 731 78.9
nificant, the poorer a country is, because the curve is anchored using the 10% 55.0 - ZZ‘(I) 73.8
assumption that rich countries experience income and life expectancy 2ile 50.6 57.3 60'2 699
growth according to the description of Oeppen and Vaupel (2002). 2% 44.7 51.4 55:1 22;

These stylized curves can in turn be used to address the question
with which Preston sta rted—specifically, how much of the growth of

B) D - -y
(B) Decomposition of Increases in Life Expectancy Using Weighted Preston C
urve

life expectancy is due to time effects (shift or rotation of the Preston —
Gain in Life Gain in Life

Curve) and how much is due to income growth within a country? ———— iy ;

Specifically, in tables 3.2 and 3.3, 1 proceed as follows: I consider a set Income Relative Only Income orﬁ;cgﬁg'.lf Total Gain in Life
of hypothetical countries that have incomes per capita in 1960 that are _ tolapanin 1960 Growth Preston Curle:e Expe;:)igcy "
100%, 50%, 20%, 10%, 5%, and 2% of the level assigned to Japan. For 100% 6.7 .

cach of these countries, 1 calculate life expectancy according to the es- 50% 6.7 78 Loy
timated 1960 Preston Curve. | then consider two counterfactuals. First, 20% 6.7 8:5 oo

I consider the case in which income per capita in each country grew at 100% 6.7 91 1:'3

a rate of two percent but in which the Preston Curve did not shift from i;’ 6.7 2.6 15'3

its 1960 position. Gecond, I consider the case in which income per capita ’ o 10.4 16:2

in each country did not change but in which the Preston Curve shifted
from its 1960 position to its 2012 position. Finally, [ calculate what life
expectancy would be if there were both income growth and a shift in
the Preston Curve. 1 conduct the exercise for both the weighted and the
unweighted estimates of the Preston Curve.

The bottom part of the table shows the change in life expectancy,
relative to the 1960 value, for each of these three scenarios. Because of
an interaction effect, the sum of the increases in the columns for the
two counterfactuals does not exactly equal the change in life expectancy
when both income growth and the curve shift are considered.

These tables demonstrate that Preston’s finding of curve shifts being
the dominant driver of life expectancy gains holds up relatively well:
particularly for very poor countries. For a country with income pef: B ferent conclus
capita equal to 29% of the leader, the gain in life expectancy frum.'ﬂ"le-' W2 exami e EO0 fl‘Om the original Preston analysis. First, Prest
shift in the Preston Curve is almost twice as large as the gain from: amining a period of very rapid health improvement elsp;e:isaﬁ;

: in the d i '
income growth, using either the weighted or the unweighted estimates: ;- (1930*19‘2:;;1(12?5;?“ tfms. Sg it th interoational epidemologicl
verlapped with the international epi i i
pidemiological

:Zf, ecoel;?et;le(s;fcloser to t'he I?ﬁddle of the income distribution, the rel-
N c;urv.e shifts is somewhat smaller. For example, usin
o havge ei e?tlmates, a country with 20% of the leader’s i,ncomi
——— }E)erllenced an increase in life expectancy of 8.9 years from
B oo ‘z; Bifie) VETsis .11.2 years from the shift in the Preston
e tile life simply d1v1d(? each of these by the sum, it implies
i wt‘etf:(tiectagcy gain was due to income growth (doing a
T ith the welghtec.l estimates happens to also yield 44%)
o g country, the exercise reveals that income growth and th ‘
e Preston Curve are roughly of equal import. ’

I l lere Vv W y e O a
are s i
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Table 3.3
(A) Predicted Life Expectancy Using Unweighted Preston Curve
Life Life
Income Predicted Life ~ Expectancy if  Expectancy if Predicted Life
Relative to Expectancy in Only Income Only Shift in Expectancy in
Japan in 1960 1960 Growth Preston Curve 2012
100% 69.8 78.7 76.7 82.8
50% 63.8 72.8 72.6 78.7
20% 56.0 64.9 67.2 73.3
10% 50.0 59.0 63.1 69.3
5% 44.1 53.0 59.1 65.2
45.1 53.7 59.8

2% 36.2

(B) Decomposition of Increases in Life Expectancy Using Unweighted Preston Curve

Gain in Life Gain in Life

Expectancy if Expectancy if Total Gain in Life
Income Relative Only Income Only Shift in Expectancy in

to Japan in 1960 Growth Preston Curve 2012
100% 8.9 6.9 13.0

50% 8.9 8.8 14.9

20% 8.9 112 17.4

10% 8.9 13.1 19.2

5% 89 15.0 211

2% 8.9 17.5 23.6

transition, during which there was a rapid t

from rich to poor countries,
ical reasons (see Acemoglu
presented is by design far more s
do not look at income and health impr
rather examine hypothetical countries in which income growt
(at 2% per year), and life expectancy is
timated Preston Curve. Finally, the samp
underlying data are not the same.

3.2 Causal Links between Income and Health
s that seem to move together,

Seeing two variable
Kk about causality. Regarding

urally drawn to as

ransfer of health technology
motivated by both humanitarian and polit-
and Johnson 2007). Gecond, the calculation
tylized than Preston’s. Specif_ically, 1
ovement in actual countries but
h is fixed
determined exactly by the es-
le of countries used and the

economists are nat-
the cmss-secnonal
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relati i
e thic;r;( beftween income and health (the Preston Curve), it is natural
o tink ; such a c'alusal relation in the statistical sense, with there
oy agrd. ethun:i:lerlymg structural equations, error terms, and so on

in i ’ ‘
tat;gon . agbit G;tr ;itr? 31; cutting-edge countries, the statistical interpre-

ed because there are so few ob i
: servations.
theI br(;ader notion of causality remains relevant e Howeves
n the following section i .
. s, I discuss possible ¢ li i
income to health and from h i A
ealth to income. I also i

' ran : . question whet
causa1‘1ty operating in cross section is the same as causali her
= sality operating

;121 ‘Causality Running from Income to Health
. :(;Etg S}rll:rc:rr::lzsccgﬂd have led to improved health through several dif-
RN 1 i ne SIIJCh channel is directly through improvements in
e t\}/:‘ng. N th‘e context of historical improvements in stan-
oot (19%,6 ) is é)omt is most closely associated with the work of
I heightazndF(:f;l &92;2. Fo;(;iel, for example, concludes that
90% of the reduction in Fren%:h crudr:eed(eal’:lli3 rtaotebsel;:;f/vzu’cr;t;on) e
and a further 50% of the reduction between 1870 and 1‘:-‘91;5 it
ingr[il:ai?}sﬁ If;l)r the 1mpor'tance of rising standards of living in promot-
{ury el i{;x;fsn:;r; r115d s}(:vle;re;}}fl dli)minished for the twentieth cen-
i alf. The battle against infecti di
was largely won by the middle of the centEr d o that point
onward, the availability of antibiotics meant thaill and fron'l 'that oy
tainly, continuing improvements in nutrition) w e nctneatives (.01' or-
tant as it had historically been in reducin, deathasIn(c)it nea]fly ros i this
period that too much nutrition became a }% | oo = o
= > hattoon . ealth problem on a wide sc
> m}(l)i tf;IilS: ;;r:; 11rc1t§)u;1nfsleiarrllclélts}tlory. zi;rllilalgly, the individual contributziz
- . : e middle of the twentieth centur :
adgv l;iil;frtlleciﬂl efffle(:rc‘tlve control of high blood pressure) are relat)e,cis’:(r;l fc)ll1(e
i C(; owledge r'athte than increases in income.
. i:r};el by Wthl:l .rlsing income could have led to im-
B i o rough ?xp11c1t spending directed toward this end
i 1expendltures and spending on medical care. Richel;
. -overpﬁer(;p ez would autor.natically spend more on health main-
o Howeveretlh suC'h spending were a constant fraction of their
@007, 1n Standar,d Heire; 1s1 a secor}c:i effect, as stressed by Hall and Jones
B 0(; els of ut11.1ty, the marginal utility of consump-
consumption. By contrast, the utility gain from
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living (and consuming in) an extra period is assumed to be invariant to
the number of periods one lives (except for a small effect from time dis-
counting). This implies that if there is scope to spend money to increase
longevity, the ratio of such spending to regular consumption will rise
with income. This is Hall and Jones’ explanation for the fact that health
spending as a fraction of US income rose from 5.2% in 1950 to 15.4%
in 2000.

However, the extent to which higher spending was important in
contributing to rising life expectancy during the last half century is
debatable. Among rich countries, large variations in health spending
per capita are largely unrelated to health outcomes. Most significantly,
the entire Preston Curve shifting upward over time suggests, just as
Preston concluded in the case of developing countries, that there are
nonincome-related factors driving mortality improvements throughout
the cross-country income distribution. Hall and Jones do their own cal-
culation of the fraction of age-specific mortality reduction due to inc-
reased spending in the United States between 1950 and 2000 (from both
rising income and a rising share of income devoted to health). They
estimate a 32% reduction.

Another reason to doubt the importance of income growth as a con-
tributor to health improvement is direct observation of the sources of
improved health. In rich countries, one of the most important sources
has been a decline in smoking, something that is well explained by
rising knowledge of its health effects rather than increased income.
More generally, technological progress in health production, rather than
growth of income, appears to be the best explanation for rising health.

Turning to the cross-sectional relationship between income and
health, there is again good reason to doubt that causality from income
to health is very strong, The short-run relationship between income
growth and life expectancy changes is weak, and in particular, one sees
in the data episodes of rapid income growth unaccompanied by large
changes in health and vice versa. For example, Bolivia, Honduras, and
Nicaragua all experienced gains in life expectancy of approximately
twenty years during periods of slow or negative income grow th (Soares
2007). China’s remarkable improvement in infant mortality occurred
before its economic growth took off in 1980. Similarly, the acceleration

in economic growth in India following economic reforms in the early
19905 was accompanied by a slowdown in the rate of decline in i~

fant mortality (Cutler, Deaton, and Lleras-Muney 2006). Fasterly (199
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ie:;?rllnes cross-country data for the period between 1960 and 1990 on
e per capita and a number of health indi
i indicators. In decadal d
income growth is linked to lower life s
; expectancy, while the relati i
between income i g kel i
growth and infant mortality has th i
Income growth is also positi S
positively related, though onl i i
: grow . y sometimes statis-
Flctalll<y 51gmf‘1clantly, with observable inputs into health, such as calo;ie
intake, physicians per capita, and access to clean drinking water.

3.2.2 Causality from Health to Income
3.2.2.1 Direct Productivity Effects

Measuring the effect of health improvements requires some esti
of the structural effect of health on output. Weil (2007) createeS lmﬁte
measure by examining microeconomic data and taking advarsltSuc E;
a r.latural experiment, specifically, exogenous variation in uterinage y
rition among monozygotic twins. Within pairs of monozygotic teV\? v
'the.re are significant variations in birth weight reﬂectinygdiff cn
in intrauterine nutrition due to the location of ’the fetusegs witifintcﬁs
womb. Beh.rman and Rosenzweig (2004) analyze a sample of fe 1e
monozygotic twins from the United States. Within this group, th er.
Eget ;bsoliu;e gafp in birth weight is 10.5 ounces, comparedpt’o aeri:l‘elzzz
e weight of 90.2 ounces. Behrman and Rosenzwei
within-pair difference in log wages, adult height, and ed o i
difference in fetal growth (measured in ouncegs , S i "y
Their estimate is that a one-unit difference in fl:e)zirlweek L
gap of 0.190 (standard error of 0.077) in log wa esa 3g7r£§) V\(I)tz}ll - 'to :
ters in adult height, and 0.657 (0.211) years of fch’oo.l' ( D3) 'Ce'nhme-
estimated effect of fetal growth on log wages by the els?iatle‘gdmg o
ge;ao/i gt‘;vz’;}rll t(?n height gives a TS.aLS estimate of the return to hfei:l:: gi
E raisin o ulm:e'ter. ThlS refurn includes the effect of improved health
i detaii) iclez1 ion. Ad?ustmg to eliminate this channel (see Weil 2007
0 b g elds ;n es.tlmated effect of health as proxied by height on
calculétmn 1ng education constant, of 3.3% per centimeter. A similar
o, Yield:mng: da.ata on Norwegian twins from Black and Salvanes
b Calcumtioﬂl‘: :_}T:Jtn;a;;: of the same effect of 3.5% per centimeter. In
b b cenﬂr;m[.e;d ollow, I use the average of these two estimates,
s :c[}'t:st ;Isgtilcr:f;e of the return to height can be applied to historical data
20 eveloped country, the rise in adult height o h .
B s b : ght over the past
n roughly 10 centimeters. Weil’s estimate of the return
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to height thus implies that labor input per worker increased by a factor
of 1.385 (in the steady state of a standard gmwth model, this will also
be the effect on output per worker). In annual growth terms (again, in
steady state), the contribution from this direct productivity (and ass-
ociated endogenous accumulation of physical capital) would be only
0.16% per year.

A somewhat more precise version of this calculation can be per-
formed by following Weil (2007) and translating the return to height
into terms related to mortality. In that paper, | create a mapping from
changes over time in height to changes over time in the Adult Survival
Rate (ASR), which is defined as the probability of living from age 15 to
age 60 using the current life table. This measure (rather than life exp-
ectancy) is chosen because it pertains most clearly to. the people who
are in the labor force and producing output, with the implicit assump-
tion that the probability of death is proportional to general ill health.
Using the data on ASR and height from a panel of countries and going
back almost two centuries, I estimate that a change in the ASR of 0.1 is
associated with a change in height of 1.92 centimeters. This implies a
return to ASR of 0.653, which in turns implies that an increase in ASR
by 0.1 would raise labor input per worker by 6.7%.

Using this estimate, in Weil (2007), I then ask how much of the vari-
ance in cross-country income can be explained by health. Following
Caselli (2005), variance in log output per worker is decomposed into
pieces attributable to physical capital, human capital in the form of edu-
cation, human capital in the form of health, and a productivity residual,
The variance in log output per worker is equal to the sum of the vari-
ances of these component terms, along with a full set of covariances.
I then calculate the reduction in the variance of the log output per
worker that would result from eliminating health gaps among coun-
tries. The calculation yields a value of 9.9 percent. 1 also calculate the
contribution of health to the 90:10 income ratio (i.e., the ratio of income
per capita in the 90th percentile country to that in the 10th percentile
country). In the raw data, the ratio is 20.5. Eliminating health gaps, the
ratio would fall to 17.9, with the large majority of that reduction coming
from a fall in the 50:10 income ratio.

These results reveal that health is a significant contributor to cross-
country income differences, but it is not of overwhelming importance:

For comparison, the effects of health estimated here are a little more:

than one-third as large as the contribution of human capital in the form
of education to cross-country income variance.
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3.2.2.2 Incentives to Accumulate Education

Reduced mortality could affect human capital accumulation by givin:
people an incentive to stay in school longer, since such invest%nent%
coul.d be amortized over a longer working life. This idea has a lon
pedigree in economics (see Kalemli-Ozcan, Ryder, and Weil 2000 ang
11—19a627;;1; 2009, the latter of whom traces the mechanism to Ben-Porath
To assess the potential size of this effect, I consider a simple model in
Wh1ch individual earnings are proportional to human capital, #, which
is in turn a function of years of schooling, s:h = f(s). I abst,ra::t from
trend growth in wages and the method by which schooling is financed
as well as the risk associated with mortality and simply assume that
schooling is chosen to maximize the expected present discounted value
of lifetime earnings. Further, for simplicity, I assume that the only cost

of schooling is the opportunity cost of foregone wages. The value of s is
chosen to maximize

/ ~ S(@)f(s)e da,

where S(a) is .the probability of survival to age a. For the f(s) function
I use the specification from Klenow and Bils (2000): ,

S
1-w

Sl—\Il

fle) =

Basec'l on cross-country data on the Mincerian return to schoolin
they estimate values of © = 0.32 and ¥ = 0.58. I take age zero (the firi
age :flt which schooling is possible) to be five. To match the example
studied by‘ Hazan, I start by using data on survival (the S(a) function)
from age five for the cohort of males born in the United States in 1850
when life e)fpectancy at age five was 52.5 years.® Hazan reports that this,
icr(l)g;rttrecewed an average of 8.7 years of schooling. I choose the real
valugso fra;t? sg tlolat opt'1mal s'chooling matches this value. The implied
. r1ls .7./0, v'vhlch might be considered high. However, given
e capital 1nve.stment carries risk and that the discount rate
pplied may reflect credit market imperfections, I do not consider this

“value unreasonable.

T P
. nsot :lifess C;he effect of declining mortality, I hold the other parameters
and change the S(a) function to match that of the cohort born

in 1930, for which Ii

SO, hich life expectanc i i

. : y at age five was 66.7 years. In th
Optimal schooling rises to 9.6 years.” e




62 David N. Weil

The economic effect of this increased schooling can be evaluated
using the standard Mincerian approach. The increase in schooling of
0.9 years over a period of 80 years, ot 0.0113 years of education per cal-
endar, is multiplied by an assumed return to schooling of 7% per year,
yielding an increase in average human capital per worker of 0.078 per-
cent per year. Assuming again that the country is on a balanced growth
path, the increase in output per worker, inclusive of the induced inc-
rease in physical capital per worker if the saving rate is fixed, is this
same 0.078 percent per year, which is about half the size of the direct
productivity effect, Thus, adding this education effect to the direct pro-
ductivity effect still yields a relatively modest effect of health improve-

ment on income.

3.2.3 Causality in Neither Direction?
An odd conclusion from the previous two sections (discussed at greater
length in Weil 2014 and Weil 2015) is that there is not very strong causa I-
ity in either direction, either from income to health or from health to
income. The question then becomes, what does explain the strong sta-
tistical relationship between the two (both the cross-sectional Preston
Curve and the fact that both began growing during the same historical
era)?

The question can be made more precise by constructing a very sim-
ple statistical framework. Specifically, we can think of income, y, and
health, h, being simul taneously determined:

hi = ayi+ pi 1
yi=Phit+e 2)

Discussion of the relationship between health and income can then
be conducted in terms of the slope coefficients as well as the variances
and co-variances of the two error terms. The previous sections argue
that both @ and 3 are relatively close to zero. If this is correct, then the
observed correlation between health and income must result from the
errors in these two equations being highly correlated. Such an idea
should not be surprising. The first error term, A, contains everything
other than income that affects health, while the second, €, contains eves
rything other than health that affects income. In both cases, there are
numerous omitted variables that we could imagine being part of these
error terms. Further, there are many omitted variables that we
expect to enter both equations. Among these omitted variables, ON€

would:
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could list institutions, geography, history, and so on. With so many com-
. elements, we should not be surprised that the error terms are so
highly correlated.

However, the statement that the correlation of errors is driven by
common omitted variables actually has more economic content than it
might seem. Consider a set of factors, X, that affects both error terms
and, for simplicity, assume that these effects are additive and linear Thé
equations for the two error terms are then '

& =Y 7Xijand (3)
j
pi = Z 8j Xij- 4
]

The correlation between € and 4 will be determined by the variances
and covariances of the X terms, as well as the two sets of parameters, v
and §. Roughly speaking, there are two possible situations under whi,ch
¢ and p will be very highly correlated. The first possibility is that a single
X variable explains most of the variance in both € and p. In this case, itis
easy to see why the two will be correlated. The other possibility is/that
there are several X variables that contribute to the variances of both €
and p and that ratios of the parameters relevant to these variables in
equations (3) and (4) are roughly equal, that is PP,

The second of these theories seems unlikely.1 It vfrzould be a strange
coincidence if two or more of the important omitted factors were aff-
ecting health and income with the same ratio. It is possible for one X
variable to explain most of the variance in ¢ while a different X variable
explains most of the variation in p, and these two X variables happen
to be very highly correlated. However, possibilities such as this are not
very plausible either. By contrast, the first theory mentioned previousl
‘fhat a single omitted variable explains most of the variation in bot}},;
income and health, does not require any great coincidence.

The question then becomes: what could that omitted variable be?
ﬁx natural candidate is institutions in their broadest sense. In the case o'f
c (e)?lit?r,itle)eator}l1 F2013) argues that differences in health outcomes across
e h:;;:ﬁ ighly dependent on governmental capacity to organize
o n‘nefasures .such as cle.an water and sanitation, to effectively
. public in ormatlor} campaigns to encourage private health beh-

such as hand-washing and condom use, to regulate harmful beh-

avior su i i i
. ch as smoking, to provide community-level health services, and

to su . . .
pervise private health providers. Deaton believes these measures,
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rather than income, explain differences in mortality. In the case of inc-
ome, the argument that institutions are the dominant determinant of
cross-country variation has been forcefully laid out by Acemoglu and
Robinson (2012) as well as many other researchers.
To explain the comovement of health and income in the time dim-
ension, at least in the most advanced countries, this sort of institu-
tional explanation is probably not viable. Ata practical level, measuring
changes in institutions over time is simply more challenging than mea-
suring institutional differences across countries. The general tenor of
the development accounting literature (see Caselli 2005) is that produc-
tivity is a function of technology level and institutional quality. How-
ever, when we do growth accounting, we derive the Solow residual
and assume that it is technological progress. Thus, there is a presump-
tion (or at least a widely made assumption) that institutions governing
output production are of roughly constant quality over time. At least,
this is the assumption we make for rich countries. One would not do
the same exercise in China, for example, since it clearly experienced
change in institutional quality, rather than technological in the narrow
sense, starting around 1980, which explains its subsequent grow th. Fur-
ther, it is clear that institutions governing the production of health do
change in cutting-edge countries. One needs only to consider the Aff-
ordable Care Act (Obamacare) in the United States, which, depending
on who you ask, will have great positive or negative effects on both
health and output. Si milarly, within the United States, one could cite the
rise of environmental regulation, the Pure Food and Drug Act (1906),
and the creation of Medicare in 1965 as institutional changes that aff-
ected health, As a result, if anything, institutional change appears to be
a poor candidate for producing the matched improvements of health
and income that we have observed.

A more promising source of these comovements is technological
change, with the dimensions of technology applicable to health and
output production synchronized. This concurrent change could oceur
because the growth rates of both of these specific applied technologies
are governed by the growth of a more general scientific understanding
A believer in this theory could also point to many ways in which gen-
eral productive technology has spilled into health-care provision, such
as the digitization of medical records, the use of high-speed computers
in gene sequencing, and so on. (However, it is harder to think of cases in
which medical technology has spilled over to production in ponhealth”

related areas).
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3.3 Conclusion

In t.his essay, I explore the empirical relationship between incom
f:aplta fmd life expectancy, both across countries and over time. I : s
in particular on the slope of the average relationship between t}’l.ese(:cil:/ls
measures, expressed as years of life expectancy per log unit of GDI(;
per capita. In the cross section, where this relationship is called the P
ston Curve, data for 2012 traces out a slope of roughly 5.7 years of 11'?_
ex.pe?tancy per log unit of GDP per capita. The slope of' tli’is relati -
ship is flatter for 2012 than for 1960, although exactly how much ﬂat?cn_
dePends on how one assigns weights to countries with different po 31:
IaFlons.‘Over time, among the richest and healthiest countries t}}:e}; 1
ationship between income growth and health improvement is,rou hel ;
12..5 years of life expectancy per log unit of GDP per capita. The fact%rch };
this slope i§ higher than the cross-sectional slope is testarr;ent toa hz-
nomen(;)n flrst.noted by Preston (1975)—the Preston Curve is shigcing
;5:1/;1' k;)(\)/zrl ;:ingl: This upward shift is attributable to accumulation of

Using estimates of the slope and position of the Preston Curve i
1960 and 2012, I conduct a decomposition of increases in life ex ectancrl
that occurred over this period into pieces due to increasedpincomy
(movejment along the Preston Curve) and shifts in the Preston Cu .
over time. The approach I take is somewhat more stylized than th e
01‘:1g1na11y used by Preston, and the period and country sam lee 01ne
d1ffe.r. Because the slope of the Preston Curve changes over tiI:n atls10
relative importance of curve shifts and income growth de endse, :
cour}try’s place in the income distribution. For a country V\I:r)ith 20‘(’21 oi
the income per capita of the leaders, my estimate is that 44% of lif
e;(lpfe.ctancy gains were attributable to income growth and 56% to thg
ZX; zlzgncéf the Pr;ston Cu(l)'ve. For countries at the cutting edge, life
o zs g;c:v:t was 50 /? due to each of these factors. By contrast,
B a\ ? was tha.t, in developing countries, no more than one-

i Pcntancy gain was due to income growth.

he final part of the essay addresses the question of the extent to

ectl;}t tl}e cross-sectional relationship between income and life exp-
- cy is shaped by causality running from income to health, and how

much it i i
iuch it is shaped by causality running from health to income. I argue

. mat . . .
"lat causality in both directions is, in fact, rather weak. Rising GDP per

Capita i i i
écﬁl nc;;i gico.;mtry, ceteris paribus, does relatively little to raise life exp-
- oimilarly, although better health does lead to higher income
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the effect is not large. These observations lead me to conclude that most
of the observed cross-sectional correlation is induced by the operation
of a third factor, specifically, cross-country variation in the quality of
institutions. Good institutions raise income directly, holding health con-
stant, and similarly improve health directly, holding income constant.

Notes

1. Data from Cuter and Meara (2004). As they point out, this phenomenon does not result
from the fact that rates of mortality decline (relative to the level of mortality) at young

down but rather from the fact that mortality rates at young ages are nOw

ages have slowed
pase in the probability

<o low that a percentage decline in rates leads to a very small incr
of survival.

2. Centers for Disease Control and Prevention, “Leading Causes of Death,” 1900 to 1998,
http:/ /www.cdc.gov /nchs/data/dvs/ lead1900_98.pdf.

4. 1t is worth mentioning that in the case of income, the growth rate is constant, while
in the case of life expectancy, the time derivative is constant. T note that this is how the
empirical regularities are found in the data, without having a particular theory for why it

should be so.

4. Weil (2007) applies these estimates of the return to height and ASR to crogg-country
data. However, the underlying microeconomic evidence comes from rich countries, where
the mix of labor market activities and economic structure are presumably not well rep-
resentative of those in the sample as a whole, Thus, this application to growth among
cutting-edge countries is actually more appropriate than the original exetcise.

5. Hazan criticizes the Ben-Porath mechanism, arguing that for an increase in survival to
induce a rise in schooling it must also induce a rise in lifetime labor supply. In his paper,
Hazan measures expected total working hours (ETWH) over the lifetime for cohorts of
American men born between 1850 and 1970, In addition to mortality, ETWH is affected by
Jabor supply along both the extensive margin (working or not working) and the intensive
margin (hours per week). He.shows that declines in weekly hours, along with earlier
retirement, have more than offset the decline in moitality, For example, ETWH at age 20
fell from 112,199 for men born in 1850 to 81,411 for men born in 193(.

Hazan's observation that ETWH have fallen over time is indeed well taken, but it is
worth noting that the paper does not actually show that changing mortality did not affect
schooling. Rather, it shows that even though falling mortality worked to increase ETWH,
other factors more than undid this effect. Presumably, if mortality had not fallen, ETWH
would have fallen more than what we observe, and schooling would have risen less.
Another critique of Hazan is that, as pointed out by Cervellati and Sunde (2013), reduced
labor supply on the intensive margin (i.e,, fewer hours worked per year) decreases the
opportunity cost of schooling as well as the benefits to additional years of ed ucation.

6. 1 am grateful to Moshe Hazan for sharing this data.

7. In fact, average years of schooling for this cohort was 13.3. Thus, the pure moftﬂl_m{
effect explains roughly one-fifth of the actual increase in schooling that took place during
this period. This exercise shows that reduced mortality over the range found in historical

data should have some effect on schooling, but we would not expect it to be the dominant
explanation.
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