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1. Introduction

Tthas long been acceptad thateconom ic developm ent is a key determ nant of health outcom es
n a countty (see for example Preston, 1976), and that health is an in portant part of a
country ’s stock of hum an capital and hence factorproductivity Fogel, 1994). There isaw ide
body ofm icroeconom etric evidence to support these relationships.” M ore recently, there have
been a num ber of cross-country studies thatain t© unpack the observed correlation betw een
ncom e and health outcom es at the m acroeconom ic level by using panel data techniques.
These studies have produced a num ber of very hteresting results, but the lin imtions of panel
data mean that som e inportant questions regarding the nteraction of health and income
ram ain unansw ered. The aimm of this paper is to com plem ent such w ork — and to answ er som e
of these questions — by em ploying m acroeconom ic tim e-series data for Individual countries.
By way of ntroduction, we will first review what has been discovered from panel daa
analysis, and w hat issues ram ain t© be addressed.

Tw o recentpapers dealw ith the problem of consistently estim ating the in pactof per capita
Incom e on health outcom es across countries. Pritchettand Summ ers (1996) use IV to estim ate
the im pactof log per capita GD P on infantm orality and life expectancy in an intemational
panel data set. Using the life expectancy measure, they find no significant relationship,
pethaps because incom e affects this m easure of health with very long lags. But using the
nfant m ortality m easure (nfant deaths per 1000), they do find som e significant effect. The
estin ated size of the effect vares greatly w ith the fnstrum ent(s) chosen, but isbetween -02
and -1 0; there is sim ilar variaton In the level of statstical significance of the estin ate.
Easterly (1999) uses a sin ilar data set and m ethodology, butw ith different instrum ents, and
produces estim ates of ncom e elasticity w ithin the sam e range @nd w ith sim ilar significance
Jevels) forboth of the health ndicators.?

Sin ilarly, Bhargava etal. 2001) apply an IV estim ator In order to quantify the im pact of
life expectancy and chid m ortality on Jog per capia GD P .2 The panel data set is sim ilar o
that used in the Prtchett and Summ ers and Easterly studies. The in pact of health on lncom e
is found t© be s@atstcally significant under all m odel specifications, although param eter
estim ates again vary substentially. Th the Bhargava paper the regression equations are non-
Inear and the relationship betw een incom e and health is norn-m onotonic.

1 0n m icoreconom etric evidence for the In portance of health as a com ponent of hum an capital, see Basta etal.
(1979), Spurr (1983), Bhargava (1997) and Strauss and Thom as (1998). 0 n m icroeconom etric evidence for the
im pactof income on nutrition and health, see Behrm an and D eolalikar (1988) and Ravallion (1990).

% The Pritchett and Summ ers (1996) nstum ent set includes the term s of trade, the nvesm entoutputratio and
ndicators of price distortions; the Easterly (1999) mstrum ent set includes inflation, financial depth and
ndicators of price distortions.

3 The dependent varable in the regressions in this paper is per capita GD P grow th; but the lagged level of per
capia GDP ison the LH S of the regressions, so them odel is im plicitly one of the levelofper capita GDP.
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The results In these papers dan onstrate that there is a strong relationship I cross-section
betw een a country’s health perform ance and its per capita hcom e, with causality mnnng
both w ays. H ow ever, they Jeave a num ber of issues still to be addressed.

First, they deal lrgely w ith the factors determ ming the varations 11 incom e and health
across countres: the tine dimension in the dat@a used is very amall, and exhibits little
variation, relative to the cross-sectional din ension. The estim ated coefficients are t be
hterpreted as cross-countyy averages of the In pactof one varable on another. The results say
nothing about the size of effects w ithin a particular country, or w ithin a particular type of
country': as the authors above acknow Jedge, it is necessary to aggregate overhigh—-incom e and
low-ncom e countries In these panel data sets t© generate enough sample variation for
htepreable results. Sihce m ost of the varation is com Ing from LDC s, the panel results do
not constitute very strong evidence on the relationship betw een health and incom e in OECD
countres.

Secondly, the restricted tim e dim ension in the panel data — five or tenyearly ntervals over
a 30-yearperiod — does notperm it very detailed analysis of the dynam ics of the relationship
betw een Incom e and health. Tt is not possible t© produce very precise estim ates of the Jength
of tin e ittakes fora shock t© ncom e (orhealth) t© have its full m pacton health (or ncom e).
Nor is a panel regression the appropriate vehicle for hvestigating the nature of shocks t©
ncom e and health: for exam ple, for determ ming how much of a typical shock is transitory
and how much is perm anent.

The man reason that these questions have not been pursued is the Jack of reliable tin e-
series data on Incom e and health variables In m ost countries. W hereas m acroeconom ic tim e
series are often reported at m onthly or quarterly intervals, health data is usually reported
annually; so tn e-serles data covering a century orm ore are requirad for a reasonable sam ple
size. N evertheless, there are a few countres forwhich such data are available. Th this paper
wew ill exploitsuch tin e series In order to address the issues raised above.

The Iongest tin e series available are for three Scandinavian countres (Sweden, Finland
ard D enm ark). Tn this paperw e w i1l explore the relationship betw een per capia ncom e and
health outoom es using tm e-series data In these countres for the period 1867-1997 Awewil
address the issues raised above by focusing on the follow ng three questions.

@) W hat fraction of Innovations in health consists of perm anent changes n healh
outcom es, and what fraction consists of transitory effects? Tn other words,

4 Nomw ay and Iceland do notappear in this study because of a Jack of data.A s n m any other European countries,
the Second W orld W ar disrupted the collection of econom ic data In these two countres, so we do not have
continuous tim e series form ore than about50 years.



w hat is the degree of persistence In shocks t© health? How does this com pare
w ith the degree of pearsistence in shocks to ncom e?

() To what extent, on average, have conelations betw een ncom e and health over
tine been due t© common shocks: wars, for example, or technological
nnovations that im prove both factor productivity and the efficiency of health
provision? (h a cross-section context, this question could only be addressed
directly by finding proxies for technology, and it is by no m eans obvious that
such proxies could ever be found. In a tin e-series context, the shocks can be
m odelled as stochastt Immovations.) To what extent have the correlations been
due not to comm on shocks but to causal associations — I both directions -
over tin €? (In a tin e-series context, the causal associations can be hterpreted
n term s of G ranger-causality.)

(i) How does the m agniuide of the association betw een health and lncome 1 a
tim e series com pare w ith the magniude In a cross section? Does the high
degree of cross-sectional correlation noted in previous studies corresoond t© a
high degree of inter-tam poral conelation?

n dealing w ith these questions, w e w illm ake note of any heterogeneity that appears across
the three countries. This w ill t211 us som ething about the degree of varation there is around
the cross-country average effects estin ated In existing panel data studies. There are a num ber
of potential sources of heterogeneity. The three countres have very different political
histories. Sw eden experienced a gradual transition to full dem ocracy over the period 1866-
1917, and did not participate In either W orld W ar. D enm ark experienced a sim ilar gradual
transition over the period 1850-1901, but it was occupied by Gem any through 1939-45.
Finland w as occupied by Russia up t© 1917, and has fought three w ars w ith Russia since then.
V arious parts of Finland have been occupied by Russia at various tim es during the 20™
century . The varying m agnitude of @End violence associated w ith) these political changesm ay
tanshte nto larger shocks to econom ic and dem ographic variables, and to differently
characterised dynam ic nteractons. Sin iarly, Fnlend and Sweden have low er population
densities than D enm ark, and agriculiural products m ake up a larger fraction of their output
and exports. The consequence of these differences in econom ic structure ram ains to be seen.

I Section 2 below we present the modelling framewvork, and In Section 3 varable
definitions and data sources. Section 4 contains the results of the m odelling exercise, and an

hterpretatve discussion . Secton 5 concludes.



2.TheM odelling Fram ew ork

2 1 The underlying econom etricm odel

One m apr advantage of adopting a tim e-seres approach t© m odelling Incom e and health is
thatw e can obtain consistent estim ates of the Iteractions betw een the tw o, w ithout explicithy
m odellng their regoonse to exogenous factors forwhich data m ightbe Jacking, by invoking
the W old D ecom position Theoram . C onsider the case n which w e have one m easure of per
capia incom e and one m easure of health fori=1.2,.. ., m different countres. (n Section 4
below ,m = 3.) kispossible ttat these 2m variables are all nterrelated : shocks t© ncom e can
be passed from one country to another through trade, and shocks to health through contagion.
These nterrelations can be capturad through a VAR m odel. A ssum Ing that the variables are
all difference-stationary, it is alw ays possible t© ocbtah an M A representation of their grow th
rates In the follow ing form W old, 1983):

?z.=m+A(L)e, . 1)

In this epression ? 7= Qy,?p) moresnts a sacked @2m X 1) vector where
?V.= R ViR Yorren?Y,) ISan fn X 1) vector containing values on incom e grow th In each
ofthem regionsmtine £, ? p, = CP,.,? Dyseeee? Py) ' ISan 1 X 1) vector containing values

on the grow th In the health Indicator n each of them regions In tin e tand A is the difference

operator. m = @' ,m°)' s a Cm X 1) vector, where m’ = (17 n),eepr))' and
m® = @1 pnl,...nr) aeboth fn X 1) vectors and contaln the m ean values of ncom e and

health, regpectively, In countres &=1,.. .m .Sinilarl, e = €] e)) ori=l,. m isa @m X 1)
vector of mean zero, serially unconelated Inovations experienced by ncome growth €7Y)
and health Improvements €!) I country iattime t, wih a covariance matrix W . Tn this

m ultivariate m odel, A (L) is am atrix polynom Al given by

and the (,Jj)-th elementof A (L) is the lag polynom &l a,; L) . Hence, for instence, n addition
o the effects of current and st values of Imovations on ? z I region 1 itself, ncome

grow th (health im provem ents) in country im ay also be affected by past values of shocks t©



country j to Incom e grow th or health in provem ents. M oreover, there may be a system atc
association betw een the occurrence of shocks in country iand those twking place elsewhere
(capturad by the nonzero off-diagonal elam entsof W ).

Expression (1) has a findam ental m oving average representation, and, in general, this can
be approxin ated by a fnite order VAR m odel of the form

BL)?z=?z2+B?z  +B2Z ,+ ... +Bq?zt_q=m*+et, G)

where B_, (=1.2,.. g) are 2m x2m ) m atrices of coefficients, and the (1j)-th elementof B_,
denoted b, ., reltes o the coefficient on health mprovem ents (denoted by p) In region J,
lagged by s periods, 1n the equation explaning ncom e grow th denoted by v) In region i T
this finite order VAR m odel, lncom e grow th in country i is explaned by g Jagged values of
mncom e grow th in region 1, q Jagged values of health In provam ents in country 1, plus g lagged
values of moome growth and health Inprovements In all other countres, and a random

Innovation, e} ; ie.

q Jq q Jq
? Vi =n" + Zbylyjs? Yiest prpk? Piest 2 Zbylyjs? YiesT 2 zbyjpjs? Djctey @)
s=1 s=1 1 F#1i

s=1  F#i

If m portant Mteractions existbetw een the levels of z_ , the existing m odelling fram ew ork
can be readily adapted to allow for the presence of contegrating relationships in the form of
restrictions on the M A representation n (1). The enorcorrecton form of @) can be
expressed as,

q
?Zt:m*-l_st? Zt—s_PZt—q—l+et’ (5)

s=1

wherell isa @m X 2m) reduced rank m atrix determ ning the extent to which the systam is
cointegrated. The identification of the contegrating vectors is discussed in Section 4 below .

2 2 Ihterpreting and m easuring the persistence of shocks to incom e and health
The m ult-country, m ultivariate VAR m odel presented above provides a flexible fram ew ork
w ithin which an analysis of lncom e and health determ nation can be carried out.M ostexisting

applications of this sort of VAR m odelling fram ew ork are in the area of m acro-econom etrics.
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W ithin this fram ew ork there are severalw ays of dentifying the consequences of shocks to the
Systam . Tn m any m acro-econom etric applications the m odeller has the confidence to Impose a
priorirestrictions on the systam , and t© translate the estim ated reduced-form shocks into a set
of structural Imovations, as In B lnchard and Quah (1989). But In som e applications @s n
our own) there is no theoretical ground for such restrictions, and other authors (for exam ple
G iacom et and Pmelli, 1999) chose not to Inpose a partcular set of theoretical Jong-run
restrictions on theirm odel. hstead they explore the dynam ics of theirm odel through in pulse
response aralysis. H ow ever, the application of in pulse response analysis is not theoretically
Tnnocuous. The impulses to which the systam ‘s regoonse is m easured are orthogonalizations
of the estim ated reduced form mnovations. These orthogonalizations (for exam ple, Choleski
decom position) are not invariant to the ordering of the variables n the systam . In plicit in the
ordering is a theory abouthow the variables interact: in effect, a setof short=run restrictions.

W e wish t© avoid such restrictions, since our ntention is t© provide nsights o the
dynam ic interaction of health and ncom e variables rather than to dentify an underlying
structural m odel. O ur analysis of the dynam ics is conducted by constructing m easures of
generalized Inpulse regponses.

O fparticular Iterest are the Jong-umn responses of the variables n z. o shocks, and the
dynam ics of adjustm ent to the long mun. Lee and Pesaran (1993) and Pesaran and Shin (1996)
provide a framework for dentifying the effects of goecified types of shock. W e can
nvestgate the evolution of mdividual variables In regponse t© shocks w ithout resorting t© a
prior restrictions, by using generalized Inpulse resoonse analysis. W e w ill next provide a
brief description of the m easuram entof the in pact of shocks, show Ing how they m ay be used
o constructm easures of nterest.

Specifically, referring to the m ultvarate, m ulttcountry m odel described mn equations (1-
3),if e, isa @m X 1) selection vectorw ith unity In its ' element, and zeros elsew here, then
the generalized in pulse response of any one varable k In the system t© a “Mypical” shock t©
ncome =1 £rfm)orhealth =m+1< r< 2m) n a partdcular country at tim e horizon N

isgiven by:

©)
s

'A N Qe
G (j,k,N):[uJ
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where s 3, the square root of the diagonal elem entof W for the ! varible (e., the stendard

eror of the 1 equation), is the m agnitude of the Titial shock. T equation 6) A (0) = L, ,so



G GJ0) = 5 4.As N = o we have a measure of the pemm anent effect of the shock. The

persistence m easures ncorporate all of the interactions between variables in the systam,

nsofar as they affect mcom e orhealth n a country .

The G §kN) tam s are In effect conditional expectation m easures for the k® variable at
horizon N , given a Mypical” shock to the 7 variable 1n the currentperiod (t= 0).This typical
shock is not necessarily orthogonal t© other shocks In the system , because the offdiagonal

elements of W are not necessarily equal t© zero. This disthguishes generalized inpulse

regponses from traditional in pulse response m easures. A s a consequence, aG (3k,0) |m will

notnecessarily be equal to zero, even when j# k: it reflects the degree of conrelattion of j and
k, conditional on the history of the systam .

The in pulse response m easures described above can be usad t© address questions (1i11) n

section 1 In the follow Ing w ays.

o)

The ratio G ([,Jse)/s — them agnitude of the asym ptotic response of varisbke j In a
particular country t© a typical shock t© that sam e variable, scaled by them agnitude
of this nial shock — is a convenientm easure of the degree of persistence of the
shock . Fordifference-stationary variables w e w ill expect thism easure t© be grictly
positive, butw e have no theoretical prior about its absolute size. A s the m easure
appraches unity, we have a gituation in which 100% of a typical shock t© j
persists 1 the Jong mun. A high value for the persistence m easure in plies thatm ost
of a typical shock constituites a perm anent change in the varable. Th the case of
health, this means that any recent Inprovement (or deterioration) In health
outtom es can be expected t© last. W hen health inproves (or deteromates), it is
largely a result of perm anent changes n the socio-econom ic environm ent (for
example, changes In health technology). Conversely, a anall value of the
persistence m easure Indicates that changes in health outcom es are largely — though
not entirely — tEnsitory phenom ena. To put it another way, the measure of
parsistence Indicates the m agnituide of secular m ovam ents In stendards of health
rehtive o the magnitude of tansitory fluctuations n sendards. Com parng the
parsistence m easure for health in each of the three countres w ith the persistence
measure for ncome will provide some evidence on whether the degree of
parsisence n health is greater or analler than the degree of persistence in
I acroeconam ic variables.

Thequantty G §,7+m ,0) forj= 1,.. .m measures the mm ediate ctenge 1n health
n each country that accom panies a typical shock t© ncome there. If shocks to
ncome and health are highly conelated, then this quantty will be larger.
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Sin ilarty, G (+m ,j0) m easures the Inm ediate change in ncom e In each country
that accom panies a typical shock to health there. IfG G,3+m 0) andG G+m ,j0) are
large whtve t© the comesgpponding asymptotc quanttbes G Gjrm eo) and
G G+m 38), then we can conclude that the observed conrelation betw een ncom e
and health is Jargely due to comm on shocks t© the two variables, rather than a
Grangercausal Ink between one variable and the other. However, if the
asym ptotic quantities are relatively large, then there is evidence that the observed
correlation betw een incom e and health is at Jeast partly the result of a dynam ic
nteraction betw een the varables In the system .

(i) The absolute values of the asymptotic quanttes G §,jm ) and G Gtm ,j8)
hdicate the m agnitude of the Jong-run im pact of a shock t© one variable on the
level of another. A Ithough these quantities are not directly analogous t© cross-
sectional regression or correlation coefficients, they can nevertheless be cautiously
com pared w ih the results of previous cross-sectional studies, In order t© give a
gense of the magnitude of the inter-tem poral association between health and
w ealth relative o its cross-sectional counterpart.

The discussion inm ediately above focuseson G (+,-,0) and G (-,-,8) m easures: on Inm ediate
and asym ptotic regponses. H ow ever, the profile of the transition betw een the two, at finite
positive values of N, can also provide usefill inform ation about the dynam ic nteraction
between health and ncome. For this reason, the tables In section 4 listng persistence
measures atN = 0 and N ? 8 will be accom panied by figures depicting the shape of the
transition path betw een the two.

M oreover, the discussion thus far focuses on ncome and health nteractions w ithn a
particular country . A Tthough the persistence m easures discussed above n plicitly ncorporate
the nteraction of variables across countries, m ore can be done to exploit the fact thatw e are
estim ating health and ncom e eguations for several countres w ithin a sihgle system . Th
particular, In the three-country case, w e can calculate I pulse responses follow ng a universal
shock to Incom e by using the selection vectorej= (1 11 0 0 0)’, eand to a universal shock t©
health by using the selection vector j= (0 0 0 1 1 1)’. (fh such cases our scaling factors,

=2m
=m+1 S i}

corresponding to the denom nator In equation (6), will be Zi;“sjj and 23:
regpectively.) Sin iarly, system -w ide regponses to shocks can m easurad by using the selection
vectorse.= 111000) orincomeande.= 0001 11) forheglth. h thisway, we can
Jook at system -w ide quantities corresponding to all the country~specific quantities discussed
n (1) above. So we will be able t© complament our cross-country comparison of
persistence m easures w ith a description of pan-Scandinavian persistence m easures.
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3.Definition and Propertiesof theDat@a

3 1 Data sources and definition

The three countries on which this paper focuses (Sweden, Finland and Demm ark) report
consistent national accounts and dem ographic data, covering a lim ited range of variables,
from as early as the m 3-19% century > The unusually Iong period of data coverage allow s us
o ke a tme-series goproach t© modellng the mteracton of hcome and health. Our
ndicator of per capia ncom e each year t4) will be the logarithm of real GDP atm arket
prices m nus the logarithm of the population. These two series are taken from the W orld
Bank’s W orld D evelopm ent Idicators for the period 1960-96, and from M itchell (1981) for
earlier years. C onsistent data are availbble for all three countries are availkble from 1867 at
the Jatest, giving a sam ple size 0£130.

The only health Indicators that are available for such a Jong period of tin e are the crude
death rate and the infantm ortality rate (ie., the proportion of infants dying w ithin one yearof
birth) . The disadvantage of using the crude death rate is that it is likely to regoond t© Incom e
wih very long lags, sihce the death mate for the olXest cohort in the populaton is the
consequence of health Inputs over the Jast 70-80 years. Pritchett and Summ ers (1996) find no
significant relationship betw een life expectancy and mcom e in their panel data set, and the
problam is likely t© be even m ore severe when estim ating a dynam ic m odel of incom e and
health using tim e—series daa. W e w ill therefore w ork w ith the Infantm ortality m easures that
are available. h order to ensure that the variable w e are using o0 is notbounded, we w illuse
a Jogistic transform ation of the Infantm ortality series. That is:

Pe= logmmd - logd -my (7)

wherem . is the ratio of nfant deaths to the num ber of live births for each year. The six tine
series thatw 1l appear 1 cur VAR i and pr for each country) are depicted In Figures 1-3. T
the tables that follow , lncom e and infantm orality In Sw eden alone are designated as vy and
Py the corresponding designations for the Finnish and D anish variables are vi, Pr, Yacand Pac.

[F igures 13 here]

3 2 Tim eseries propertes of the data
Before estimating the VAR, it is necessary to ascertain the order of integration of the
variables of nterest. Augm ented D ickeyFuller ADF) test statistics (ot reported) confimm

> Com parable data form ostother OECD countries begins m uch later. In the U SA , for exam ple, itbegins only
afterthe FirstW orld W ar.



the in pression of Figures 1-3, that the null of difference-stationarity cannot be refected for
any of the variables. It is therefore appropriate to search for comntegration betw een the six
variables, to see if thematrix P In equation () above has som e strictly positive rank . There
could be as many as five comtegrating vectors (sationary linear com binations) w ith six
difference-stattonary variables. W ith approprate dentfying restrictions, these could be
hterpreted as Jong-mun relationships betw een the six varables that define the steady state of
the systam .

I samples as anall as ours, tests for mulbivariate contegration have low pow er, and
anyw ay there is no cbviously htuitive hterpretation of a contegrating vector n m ore than
tw o of ourvariables. So w e test for the existence of up t© five bivariate comntegrating vectors:
two Inking together lncom e across the three countres, wo Inking together Infantm ortality,
and one lnking ncom e and nfantm ortality In one country (@nd therefore, by substtution of
the other four vectors, Inking ncome and nfant morality in the other two). Using the
m ethod of Engle and G ranger (1987), which volves applying an ADF test to the residuals
from a bivarate static regression in levels, we test for contegration for the follow Ing pairs:
Ve vad s faw vet » s Padd s Paw P} and {ye, pe} . The null of no comtegration canmot be
reected for the first of these pairs, even at the 103 Jevel; but the null can be refpcted for the
other four. (This result is not sensitive t© the five pairs chosen t© test for cointegration:
w hatever pairs are chosen, italw ays appears that all the variables except vy are contegrated
w ith each other.)

OurVAR w ill therefore nclude four contegrating vectors. The param eters n these vectors
—theelamentsof P in equation (5) — are reported in Table 1. These are equal to the param eter
estm ates from the Engle-G ranger regressions, except In the case of  {ps, part where the
ntuitvely appealing restriction of the param eter to unity cannotbe rejcted, even at the 10%
level. Table 1 allocates a num ber to each vector (“cvl” t© “cvd”) for reference n Tablke 2,
w hich reports the fullVAR estin ates.

[Tables 12 here]

4. Resuls

4 1 Characteristics of the fited VAR

W e do not report the unrestricted estim ates of equation (5), but rather a restricted m odel that
ncludes just that set of Jags of each variable in each equation thatm Inin izes the Schw artz
Bayesian Inform ation C riterion. x2 test satstcs for the valdity of the restrictions on a
sscond-order VAR are reported in Table 2: In no eguation are the restrictions rejected. The
contegrating vectors are pintly significant at the 5% Jevel n each equation except that for

10



Ay, confim ing the comntegration of five out of the six variables. Coefficients on the
contegrating vectors are consistentw ith the Jong-nun stability of the systam .

The R? and s+ values reported I Table 2 indicate that there is som e heterogeneity across
the equations in term s of goodness-of£-fitand the size of a typical Innovation . Shocks to infant
m ortality appear to be larger on average than shocks to incom e. Shocks in Finlend are lJarger
than shocks in D enm ark, which are Jarger than shocks in Sweden. The LM  test statistics for
residual autocorrelation and for heteroscedasticity that are reported In the t@ble are not
significantatthe 5% level.

G ven the non-lnearity of som e panel data regressions of incom e on health (for exam ple,
those n Bhargava et al., 2001), we also test for the validity of the fimctional form of each
equation using a RESET test. The test statdstics are reported In Table 3 : 1 no case can the null
ofvalidity be reected atthe 5% Jevel.

[Table 3 here]

The Individual coefficients in Table 2 do nothave a straightforw ard ndividual nterpretation,
0 the next section explores the characteristics of the estim ated m odel by reporting and

discussing generalized im pulse regoonse m easures and In pulse regponse profiles.

4 2 G eneralized Inpulse responses In the system
Th Sections 1 and 2 above, w e mised three general questions that could be addressed through
the estim ation of our contegrating VAR . Tn this section, w e w ill use our estin ates t© address
each n tum.

(1) The first question concems the degree of pearsistence In shocks to each varable, as
m easured by the quantty G G,jse) /s jj.6 The Jefthand side of Table 4 reports these quantites
for each variable In each of the three countres, plus the conmesponding quanttes for a
universal shock to each variable n the system . The table indicates a substental degree of
heterogeneity across the three countres. 89% of a shock to Swedish ncome and 52% of a
shock t© Swedich nfant morality persists n the Jong run. At the opposite extram e, the
corresponding figures for Finland are 24% and 3% . The figures for Danish shocks and for
universal shocks are betw een these two extram es. Tn all cases, the degree of persistence in
ncom e Is greater than the degree of persistence 1 nfantm orality . Sw eden has experienced
relatively am all shocks com pared w ith D enm ark and Finland, but the degree of persistence In
these shocks has been a little greater than in D enm ark, and m uch greater than n Finland.

® mTablesdbwe approxim ate the nfinite horizon as 40 years.The generalised im pulse response profiles n
Figures 4-7 ndicate thatthis is quite a close approxim ation.
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The unscaled persistence m easures G (o) and G pee) on the lefthand side of Table 5
ndicate that the greater degree of persistence In Sw eden ocutw eighs the fact that the mnital
shocks are an aller than in the other tw o countries: out of all of the three countries, Sw eden
has the Jargest values of G fyyee) and G pp,ee). The sendard errors n Table 5 ndicate that
the difference betw een the tw o extram es (Sw eden and Finland) is significant at the 5% Jevel.
The generalized persistence profiles In Figures 4-7 Indicate thatm ost of these differences are
evidentw ithin 10 years of the shock. There is little m ovem ent In m ostof the profiles after the
first 10 years.

[Tables 4-5 and F igures 4-7 here]

W ithin the VAR fram ework that we are using it is not possible to dentify directly the
reasons for this heterogeneity . H ow ever, it is not surprising that the m ost populous country
Sweden) experiences the smallest shocks and the Jeast populous country Finland)
experiences the largest shocks: we should expect a higher variance In a an aller population,
unless shocks t© Individuals are perfectly conelated. M oreover, there are clear reasons w hy
Sw eden should exhibit the m ost persistence: unlike the other two countries, it has notbeen
nvolved In any m ajpr htemational conflict, norhas itbeen occupied by a foreign pow er. The
relhtively adverse conditions during ntemational conflicts are likely t© represent a less
persistent type of shock than technological innovations and changes In productivity . But the
m agnitude of the differences betw een the countries is sl ram arkable.

It is also notew orthy that across all the countres shocks to Infantm ortality are Jarger than
shocks to ncom e, but Jess persistent. To use som e m acroeconom ic Argon, health “oushness
cycles” are chorter but more extrame than econom ic ones. M acroeconom i stabilization
policy typically focuses on the size cyclical movements In income and inflaton. But
m acroeconom ic variables m ay I fact exhibit less extrem e cycles than health ndicators. Our
results support Sen (1998), who argues that health Indicators are not necessarily less sluggish
than m acroeconom ic ones, and therefore no less gppropriate as measures of econom ic
perform ance, even In the shortrin.

(i1) The second guestion concems the relative in portance of tw o reasons for a correlation
betw een Incom e and health: on the one hand, Jarge comm on shocks t© the two variables, and
on the other, substantial dynam ic nteraction betw een them . Tables 4-5 and Figures 4-7 show
thathere, too, there is substantial heterogeneity across the three countries.

At one extram e lies Dem ark. In Denm ark there is no significant conelation betw een
Thnovations I per capim hcome and novations n fant morality. (h fact the point
estim ate of the conelation coefficient is positive, but only a fraction one sendard deviation
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from zero. Table 6 lists the values of all the conelation coefficients for the Imovations in the
six equations.) This is ilusttated by the botttm tw o graphs In Figure 7, n which the inpulse
regponse profiles G (ypN) and G oy N) begin very close to the zero lne. However, the
unconditional sam ple correlation betw een the tw o variables is —0 98 . This negative correlation
is explained by the dynam ics illustated in the two graphs. A positive shock t© vy willn
subsequent periods lead o a lower pg; sim ilarly, a positive shock t© pg will In subsequent
periods Jead t© a Jow eryy . A tthe 20-yearhorizon, both effects are just about significantat the
5% Jlevel, although atthe nfinite horizon the stendard enroron G (o;y,8) is slightly too high t©
register s@tstdcal significance using conventional confidence intervals. The asym ptotic
effects and their associated stendard errors are listed on the righthand side of Table 5.

[Table 6 here]

At the opposite extram e lies Finland. Th Finlend there is a negative conelation betw een
Innovatons I per capia ncome and novations in infant morality, and G ypN) and
G pyN) are significantly below zero for very smallvalues of N, as shown In the bottom two
graphs In Figure 6. H ow ever, these negative effects persist very little, and for all values of N
greater than eight they are nsignificantly different from zero. The dynam ics of v¢ and ps
dam pen down the effects of comm on shocks pushing ncom e up and nfantm ortality down.
This is em phasised by the figures on the right hand side of Table 4, which show the ratios of
the first point on each im pulse regoonse profile o the last pont. n the case of Finland, the
asym ptotic m easures are only a fraction of the size of the mital effects. The negative
unconditional conelation coefficient between the two varables ((099) is a lamely a
consequence of the comm on shocks.

The figures for shocks t© Sweden, and for shocks o all of the countres, represent an
nterm ediate case, as shown in Figures 4-5 and n Table 4. There is a negative cornrelation
between innovations In per capim hoome and novations in nfant morality, and the
dynam ic Interaction between the two variables magnifies this effect. The estm ated
m agnification effects for Sweden (chown In Tabl 4) are 133 for G ypN) and 2.76 for
G o,y N).The figures for shocks to all countres are a little Jarger.

So there isno straightforw ard answ er to the question of how m uch the negative correlation
betw een per capita incom e and nfantm orality is due t© comm on shocks, and how much itis
due to one variable G ranger-causing the other. Even w ihin Scandnavia, there is considerable
heterogeneity in the extent to which one factor or the other is m ore im portant. This suggests
that the results of papers based on IV estim ates of the nteraction betw een Incom e and health
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using panel da@ are rpresent average effects around which there is a great deal of
International variance.

(iii) Any com parison of panel regression results w ith those presented here m ust therefore
be nterpreted w ith a great deal of caution . N evertheless, the asym ptotic generalized in pulse
regponse m easures for the effect of shocks t© per capita ncome on infant m orality are
broadly in Ine w ith the Pritchettand Summ ers (1996) and Easterly (1999) results discussed n
Section 1.Fora com parison w ith the elasticities estim ated In these papers, w e can construct
asym ptotic generalized in pulse regoonse m easures conresoonding o the G vp,8 ) figures n
Table 5 (these capture the Jong-min effects on nfantm ortality of a typical shock to ncom e),
butw ith unit shocks to per capia hoom e nstead of one stendard enor shocks. The resulting
figures are -0 43 for Sweden, -0 35 forFnland, -0 61 forDemm ark and —0.75 fora shock to
allcountries.’

5.Conclusion
Using a contegrating VAR fram ew ork, we have been able to dentfy the characteristics of
the dynam ic Interaction betw een per capita incom e and infantm ortality in three Scandinavian
countres: Sweden, Finland and D enm ark. A Ithough there is a negative association betw een
the two varables In all three countres, there is a considerable degree of heterogeneity In the
dynam ics that underlie this association. Th Finland, and t© a lesser extent In Sweden, the
negative conelation is largely a result of comm on contam poraneocus shocks t© both ncom e
and health. How ever, In Dem ark the shocks are orthogonal, and the negative conelation is
entirely due to the fact that each variable is G rangercaused by the other. M oreover, there is
substantial heterogeneity n the characteristics of typical shocks: Swedish shocks are the
gn allest, but have the greatest degree of persistence; Finnish shocks are the Jargest, but have
the Jeast persistence. The such a Jarge degree of heterogeneity should be m anifested even
w ithin Scandhavia suggests that the results of cross-country panel data studies of the
nteraction of ncom e and health represent average effects around w hich there is Iikely to be a
great deal of variance. This is an In portent caveat if these studies are used as an nput n
The otherm ain result from the VAR m odel is that shocks to Infantm ortality are Jarger but
Jess persistent than shocks to per capita incom e. This stylized fact is tue of all the countres.
This suggests thathealth m easures are nota “sluggish” indicator of econom ic perform ance: if

7 The caveatis thatwe have used a Jogistic transform ation of the nfantm ortality seres, but the other tw o papers
have not. W e do notattem pta com parison w ith the results of the paperby Bhargava etal. (2001) discussed in
Section 1 because the results of that paper are em bodied n a m odelw ith a non-m onotonic relationship betw een
ncom e and health.
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anything, they are less sluggish than m acroeconom ic variables. Tt also suggests that policy-
m akers could raise social welfare by extending the focus of stabilization policy beyond the

nanow ly econom ic dom ain.
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Table 1: The Cointegrating Vectors

ps - 1.000pg (cvl) pg - 0.889p¢ (cv2)
va - 0.800y¢ (cv3) ve + 0.703p¢ (cvdd)
Table 2: The Fitted VAR Model
coeff. s.e. t-ratio coeff. s.e. t-ratio
Dys Dog
cons 0.0206 0.0033 6.1714 cons -0.0512 0.0087 -5.9235
Ay (1) 0.1936 0.0543 3.5626 Ap. (1) -0.1983 0.1008 -1.9673
Apg (1) 0.0773 0.0334 2.3108 Apg (1) 0.1414 0.0607 2.3304
Apg (1) -0.0529 0.0306 -1.7274 Apa (1) -0.2921 0.0910 -3.2088
Ay (2) -0.2322 0.0926 -2.5070 Ay. (2) 0.7573 0.2231 3.3936
Ay (2) 0.1314 0.0600 2.1898 Ape (2) 0.1282 0.0534 2.3994
cvl(1l) -0.1782 0.0686 -2.5957
cv2 (1) 0.0321 0.0593 0.5423
cv3 (1) -0.0810 0.0839 -0.9651
cvd (1) -0.2118 0.0694 -3.0511
Dys Dps
cons 0.0137 0.0046 2.9698 cons -0.0700 0.0143 -4.8929
Ays (1) 0.2783 0.1400 1.9872 Ay. (1) 0.5554 0.3465 1.6027
Ay (1) 0.3493  0.0947 3.6889 Ay: (1) -0.5493 0.2404 -2.2846
Ay (1) -0.1781 0.1144 -1.5568 Ap: (1) -0.1981 0.0841 -2.3560
Ap. (1) 0.1494 0.0576 2.5940 Apa (1) -0.3917 0.1344 -2.9147
Apg (1) -0.1188 0.0524 -2.2660 Ay. (2) 0.6255 0.3344 1.8707
cvl(1l) -0.0697 0.0384 -1.8159 Apg (2) -0.2664 0.1181 -2.2551
cv2 (1) -0.1101 0.0324 -3.3990 cvl(1l) -0.1988 0.0926 -2.1461
cv3 (1) 0.0920 0.0475 1.9359 cv2 (1) 0.3936 0.0910 4.3257
cvd (1) -0.1543 0.0382 -4.0424 cv3 (1) -0.1713 0.1224 -1.3988
cvd (1) -0.2053 0.0983 -2.0892
Dya Dpa
cons 0.0163 0.0046 3.5797 cons -0.045 0.0096 -4.6968
Ay (1) 0.2241 0.1221 1.8355 Ay. (1) 0.9552  0.2490 3.8358
Ay (1) 0.1128 0.0826 1.3651 Aya(1) -0.2263 0.2084 -1.0863
Ayg (1) -0.0389 0.0989 -0.3934 Apg (1) 0.1968 0.0681 2.8915
Apg (1) 0.1738 0.0550 3.1575 Apa (1) -0.5195 0.1010 -5.1409
Apg (1) -0.1899 0.0516 -3.6802 Ap. (2) 0.1470 0.1036 1.4182
Ayq(2) -0.1989 0.0862 -2.3086 Ape (2) 0.1411 0.0621 2.2741
Apg (2) 0.0770 0.0483 1.5927 Apg(2) -0.1950 0.1014 -1.9235
Apq4 (2) -0.0821 0.0467 -1.7579 cvl(1l) 0.0429 0.0697 0.6158
cvl(1l) -0.1053 0.0363 -2.8975 cv2 (1) 0.0061 0.0668 0.0917
cv2 (1) -0.0220 0.0293 -0.7521 cv3 (1) -0.0353 0.0911 -0.3870
cv3 (1) -0.0759 0.0424 -1.7910 cvd (1) -0.1765 0.0724 -2.4390
cvd (1) -0.1204 0.0347 -3.4695
equation R? value g value T1° T2°8 T38
Ay 0.1764 0.0274  x*(11) = 7.776 F(1,122) = 0.241 F(1,127) = 1.401
Aps 0.3160 0.0706 X%7) = 3.744 F(1,118) = 1.600 F(1,127) = 0.072
Aye 0.2959 0.0398 X2 (7) = 4.035 F(1,118) = 0.683 F(1,127) = 0.026
Ape 0.4060 0.1037 X (6) = 3.295 F(1,117) = 0.203 F(1,127) = 0.858
Aya 0.2407 0.0344 X (4) = 0.871 F(1,115) = 0.350 F(1,127) = 0.943
Apa 0.3787 0.0760 X (5) = 4.060 F(1,116) = 3.035 F(1,127) = 0.583

§ Tl: test for validity of the restrictions imposed
T2: test for residual autocorrelation. T3: test for
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Table 3: Tests for Functional Form Misspecification

v equation p equation
sweden: F(1,122) = 2.2645[0.87] F(1,115) = 1.3520[0.75]
finland: F(1,118) = 0.6829[0.59] F(1,118) = 0.0689[0.21]
denmark: F(1,118) = 0.0255[0.13] F(1,117) = 2.8990[0.91]

Table 4: Asymptotic Generalized Impulse Responses Scaled by the Size of
Initial Shocks

y ony p on p y on p pony

G(y,v,8) /sy G(p,p,8)/Syp G(y.p,8)/G(y,p,0) G(p,vy.8)/G(p,y,0)
system 0.591924 0.387790 2.650678 4.026683
sweden 0.890943 0.522224 1.334088 2.756764
finland 0.237127 0.031769 0.783585 0.412821
denmark 0.389766 0.228618 -3.23411 -3.73881

Table 5: Unscaled Asymptotic Generalized Impulse Responses with Standard

Errors
coeff. s.e. coeff. s.e

G(y,y,8) measures G(y,p,8) measures

vy on y (system) 0.048417 0.013755 p on p (system) 0.073895 0.015442
v on y (sweden) 0.025587 0.002236 p on p (sweden) 0.038009 0.010974
vy on y (finland) 0.009731 0.007738 p on p (finland) 0.003383 0.010856
y on y (denmark) 0.013650 0.006585 p on p (denmark) 0.017762 0.012091
G(p,p,8) measures G(p,y,8) measures

y on p (system) -0.061562 0.027435 p on y (system) -0.040142 0.007793
y on p (sweden) -0.012371 0.007151 p on y (sweden) -0.010087 0.002709
vy on p (finland) -0.014273 0.011099 p on y (finland) -0.002898 0.007609
v on p (denmark) -0.021316 0.011251 p on y (denmark) -0.011108 0.007024

Table 6: Innovation Correlations
Ys Yt Ya Ds Dt Pa

Vs 1.000000 0.419785 0.388139 -0.127402 -0.066738 0.007296

Ve 0.419785 1.000000 0.412337 0.012716 -0.171054 -0.063713

Ya 0.388139 0.412337 1.000000 -0.074494 -0.153903 0.084839

DPs -0.127402 0.012716 -0.074494 1.000000 0.335972 0.453681

Dt -0.066738 -0.171054 -0.153903 0.335972 1.000000 0.199424

Pa 0.007296 -0.063713 0.084839 0.453681 0.199424 1.000000
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Figure 1:Tin e-series for Sweden

= Jogofrealper capita GDP and p = logistic of nfantm orality rate)
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Figure 2: Tin e-series for Finland
= Jogofrealper capita GDP and p = logistic of nfantm orality rate)
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