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Abstract

Th this paperw e estin ate a m odel of the determ nants of econom ic and social
developm ent that takes seriously three of the critician s of panel data m odels
the existing grow th literature: that Jong nun coefficients are biased because the
Irgged dependentvariable is not strictly exogenous; that they are biased because
of slope coefficient heterogeneity; and that they are biased because of
explnatory variable endogeneity. The m odel indicates that there are strong
causal relationships n both directions between on the one hand, econom ic
developm ent, and on the other, social and political developm ent.
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1.Econam ic G row th and SocialD evelopm ent

The hteracton betw een social and econam o developm ent is of nterestboth t© econom ists and ©
socil soientists n other disciplines. H ow ever, there hasnotas yetbeen thatm uch cross-fertilisation
betw een the tw o groups. This paperm odels econam ¢ and social developm ent i aw ay thatdraw s
on nsights from  several areas of developm entstudies.

R ecent contributions by econom ists t© the Iteraction of social and econom i developm ent have
been dom nated by the estim ates of cross-country grow th m odels surveyed by Levine and Zervos
(1993) and Tanple (1999). These m odels an ploy htemational panel data t© estin ate regression

eguations of the form :

AYit= & —a1-Vie + &-Xit+ Uie @)

where vir ISper capita ncom e h country 11 period t, Xi« is a setof social and econam i vardbles,
and u; « a residual. These "grow th" m odels are really dynam icm odels of the Jevel of ncom e, shoe
they can be reparam eterized as:

vie= & + [l —a1]vies + &Xic+ Uic 1a)

The com ponents of xi + vary w dely across different studies. Physical capial usually enters n som e
fom , as the neoclassical core t© a production fimcton that also hcludes varables ntended ©
capture the determ hants of factor efficiency. These determ nents can Include m easures of or
proxies for "socil capial”, such as ettnic hom ogenedty, m easures of civic spoirit and education
Knack and Keefer, 1997; Johnson and Tanple, 1998). They can alo hclide m easures of
goverrm ent policy perform ance such as debtG D P 1atios or black m arket forex pram 2 Easterly
and Rebelo, 1993 ; Easterly and Levine, 1997), orm easures of fnancial developm ent, capturad by
the ratios of various types of assetholding o GDP K Ing and Levine, 1993 ; Levine, 1997).

C orregpondingly, there is a literature 1 politcal science Investgatng the determ hants of m easures
of socil and political developm ent. The dgpendent variEble can be a m easure of dan ocracy or
political / cvil rights Park, 1987; Henderson, 1991, 1993 ; Poe and Tate, 1994 ; D jam ond, 1996),



or the probability of the outbresk of violence and civil disorder Bram er, 1992; M aoz and Russet,
1993; M ansfield and Sryder, 1995; C ollier, 1998).M ostof these papers estim ate cross-section or
panel data regressions, and often include dicators of econom ic developm ent, such as the Jevel or
grow th 1ate of per capita haom e, as explnatory varsbles.

C am parison of these tw o groups of papers ndicates a fimdam ental draw back 1 the nterpretation
of the estim ation results. The econam iSts' papers use shgle equation estim ation  tedhniques and
assum e the exogenedty of socil developm ent;, whilst the political scientists' papers assum e the
exogenelty of econom i developm ent. "C ross-country grow th regressions do not resolve causal
Isues; [they] should be viewed as evaluating the strength of partial conelations, and not as
behaviourlehtionships” Levhneand Zervos, 1993)

Further problan s arise from  the use of panel datasets t© estim ate the determ mants of social and
econam ¢ developm ent. First, shce the lagged dependentvariable is not strictly exogenous, shgle-
equation technigues w ill not deliver consistent estin ates of the coefficientan in equation (1), and
therefore of the Jong nmn effects of x: + on oom e: som e Thistim ental V ariables edmnique @s
Ca=ellietal., 1996) is necessary . Second, the & param eters w ill vary across countries, unless each
country exhibits Hentical tastes and tedhnology . The goal of pooled regression analysis is then ©
estin ate the m ean of the distrdoution of & ; but if there is any serial conelation n the explnatory
varables, then a panel data regression that In poses comm on & valies across countries w il nduce
serial conalation 1n uie. A s a reault, the fitted & w il not represent consistent estim ates of the cross-
country average of the true param etervalies (Pesaran and Sm ith, 1995; Leeetal., 1998).

T this paper, we w ill estin ate a cross-country m odel of socil and econan o developm ent that
takes all three of these problan s seriously . Section 2 describes them odeling strategy, and Section 3

the results. Section 4 concludes.

2.TheM odelofD evelopm ent

' Some papers use lags of explanatory variables in order to achieve weak exogeneity; but unless the
explanatory variables are strictly exogenous the regression results cannot be interpreted in a counterfactual
way (Engle and Hendry, 1993), which limits their interest for the policy-maker.



The man purmpose of our model is t© determ ne t© what extent econom ic developm ent is a
consequence of socil developm ent, and t© what extent the reverse is ttue. T order t© produce
consistent estim ates of the in pact of socil factors on econom ic developm ent, and of econom ic
factors on sociE] developom ent, our estin ation  technigue neads t© deal w ith the three sources of
param eterbis:

@) Bisdue o the endogeneity of the lagged dependentvariable h apanel.

(o) B ias due to slope param eterheterogeneity 1 a panel.

©) Bis due to the endogeneity of the key Ihdicators of socil and econom i developm ent.
Thstmm ents m ust be found t© bentify equations for each of the indicators of nterest, o thata
stmucttralm odelm ay e estin ated.

Problan @) could be dealtw ith by hstum enting the Iagged dependent variable, for exam plke by
ushgaGMM estimatoras 1 Casellietal. (1996).Butthe Pesaran and Sm ith (1995) resultsm ean
thatwhen problan  {) is present such estim atbion  tedniques canmotdeliver consistent estin ates of
m ean sbope paran eters. H ow ever, consistency 1n the estim ates of m ean Jong run slope param eters
can be achieved by averaging the data overtin e, and estim ating them odel on apuxeczlcosysecljon.2
Tt is this goproach thatw e w il ollow below . The m an draw back of the approach is that lags can
no Iongerbe used as instum ents 1 dealing w ith problan (), as they are 1 the Caselli etal. paper;
o wened o find "real" histum ents n orderto entify them odel.

Existing papers 1n the grow th Iiterature contan dozens of potentially endogenous varables, and it
would be heroic I the extram e to attem pt to Jentfy all of the hteractions betw een them ushg
crosssection data. stead, w e w 11l Jentify equations for four key indicators of developm ent, and
Teave the restof them odel n reduced fom .

The four varabls are per capia hoom e, education, health and dan ocracy ({e., the degree of
opermess 1 com petition for Jegishtive and executive pow er) . FiIrstw e presanta theoretical m odel
© show how equations for these fourvariables m Ightbe Hentified; then w e dealw ith the question

® This is proven in Pesaran and Smith (1995). The caveat here is that the parameters will provide
estimates only of the impact of xi on yi. Any cross-country effects of xi on yi will not be captured. The
consistency result applies to any cross-section, whatever the period of averaging; but averaging over a
longer period will reduce the variance in the estimate errors.



ofm easuram ent.

2 1 Theoreticalm odel
The m odel consists of nine equations. G recek characters are param eters and R om an characters are
varidbles; endogenous vardbles arew ritten 1 bold. The variEbles are:

v:log per capita naan e

e:am easure of the average education Jevel

h:am easure of the average level ofhealh

k : the Jog per capita physical capital stock

a: factorefficiency

d: the degree of dam ocracy

Ce: the costof Ivesim ent n education, netof its consum ption benefits
¢h : the costof nvesm ent n health, netof its consum ption benefits

r: the hterestate

n: the Jog per capita natural resource stock

v:am easure of ettmo-Inguistic diversity

S: country size

t: an ndicatorvariable forw hether the country has am aritin e coastlne
m :avectorofvarables capturing cultural characteristics

X:M ean annual tem peature

The equations are:

The aggregate production fimction :

yv=a+ e+ ozh+ ozk + oun @)

1>ou020e0a>0

The determ nants of actor efficiency:
a=Po+ Prv+Ps+ Pfat+ faed Q)



BofPs>0>P1,P2

A resource constramt:
0y =m0+ m-e+ mh + M-k

1>mimems > 0>1mo

The public education decision :

e=ho)+y-c

The costofeducation hetofconsum ption benefits):
Ce =7Yo0 —Y1-V —Yy2-S —y3-t-yam —y5.d Y —y7-h +r
Yz ysyeyr > 0

The public health decision :
h=hoe)+y-a

The costofhealth hetofconsum ption benefits):
@ =00 -01V -02:8-83-t— Bz -84 'x]x —-85d -d6y -0+ T
8000404'05 0607 > 0

The private Investm entdecision :
k=ho)+y-r

The determ hants of the degree ofdan ocracy:
d=Co+ v+ s+ t+ {em + (se+ (ey+ {7h

Ll Ls>0

Equation @) is a Jog-Inear aggregate production fimction. The two hum an capial term s e and h)

are o be thought of as stock varibles: there is consent depreciation of the stock through

moralty, dissase and forgetfuhess. H ther Jevels of health and educaton can hcrease the

productvity of the population for tw o reasons. First, they can ncrease the herentproductivity of



the average w orker. Second, they m ay be associated w ith Jow er fertility 1ates, and =0 a reduction
the proportion of the population below w orking age. Th the absence of an Insttum ent fora fertilityy
eguation, itisnotpossible t© separate these tw o effects.

Equation @) expresses the dea that the efficiency of resource use m ght depend on socil and
aultural factors. On the basis of the evidence I Easerly and Levine (1997), we allow for the
possibility that greater ettmo-tnguistic dversity ) reduces efficiency. W e also allow for the
possibility thatm ore dem ocracy @) affects efficiency . This effectcould w ork through the form ation
of sociEl capial Hardn, 1992 ; Knack and K eefer, 1997), or through a link betw een dam ocracy
and good or bad) policy choices, or through a Iink betw een dam ocracy and peace Branm er,
1992; M aoz and Russet, 1993). Th the absence of gppropriate istum ents, these Inks w il ram ain
unidentified 1 our m odel. The causal chain from polity t© policy t© econom io perform ance is
captured In reduced form , n the param eter« . h addition, we allow for the possibility that country
size (g) affects efficiency : larger countriesm ghtbem ore difficult to m anage (country size is one of
the varisbles Included 1n the data setofK ing end Levine, 1993) . Fially, the variable tis nclided o
test the hypothesis that countries w ith access t© the sea are more efficient, because costs of
ntermnational trede are Iow er.

Equaton (@) is a resource constait. Lettng capials represant levels mather than logs, the
constramntis:

S=Y? = )eE + dnH + IeK (4a)

where S is total saving, 0 is the elstcity of saving w ith regoect to noam e and the \; are rates of
depreciation for the three types of capial: m eguilbrim , Ivesment will be equal © the
depreciation ate tn es the capital stock . Letting 111 represent the share of education Tvestm ent n
otal nvesm ent;, 72 the share of vesim ent n health, 713 the share of physical capial vesim ent,

and o = Qe) 1 + nOn)-m2 + I Qk)-113, the constraintcan bew ritten as equation (4).3

Equation 6) sates thatpublic education expenditure is at the Jevel atw hich the m arginal retum t©

® Since the A are less than unity, and the In(Ai) are less than zero, 7o is less than zero.



eduction equals its perceived m arginal cost, ! (M al ostall countries i is the goverrm ent that
decides the Jevel of education expenditure, at eastat the m argn.) Thism argmal cost is netof ary
consum ption benefits that are perceived t© arise from education: education is both a consum er
good and a capital good. Equation (6) allow s for the percetved consum pton benefits to vary across
countries. H ther levels of dan ocracy m bht ncrease the value attached to education: it ceranly
creases obsarvance of rights t© personal hitegrity (Poe and Tate, 1994) which m ghtplusbly be
positively conebted w ith education levels; goverrm ents which do not value hum an rights are
unlkely t© value education. M ore opamness to trade m ght also herease the value attached t©

education consum ption  ("tavel broadens the m Ind"). A s Jong as the hoom e elasticity of dan and
for education is positive, higher levels of v ought t© Jead t© higher levels of e. A m ore healitty
populaton m ght value education more, because education and health are complenents n

consum pton .M oreover, a higherdegree of ettmo-Inguistc diversity m phtcausem orew orth t© be
attached to education, because seocond-bBnguage literacy w illlbem ore valuable. W e alwo allow fora
setof aultural factors () t© affectthe value placed on education.m hcludes ndicators forw hether
the country has been colonized by Briah or France: Henderson (1991; 1993) argues that a
country 5 colonial experience can nfluence the developm ent of the degree of cbservance of rights
© personal hitegrity and otherm easures of social developm ent.m also ncludes the fraction of the
population reporting adherence t© Islm and Christanity: Poe and Tate (1994) and Park (1987)

argue that religious adherence is equally n portent i determ hing the degree of dbservance of
hum an rights. I there are no consum ption benefits of education, then c. w il equal the hterest rate,

I.

Equation (7) expresses an equivalence betw een the m argnal retumn © health expenditure and its
m arghal costnet of consum pton benefits, ¢,. Equation ) Idicates the possble determ nants of
¢h, and is analogous t© equation 6). The one difference is thatw e assum e that the value placed on
health is not affected by cultural factors; but the cost of deliverng a certain Jevel of health does
depend on the average tam perature N the country, x. If extran es of tam perature are unhealty,
then o () w llbe non-m onotonic n X, and the param eters §4 and §4 'allow forthis.

* Note that in a log-linear production function, the log of the marginal product of e is equal to the log of
the average product, (y - €) plus the log of the elasticity of output with respect to e, In(ot).



Equation () sates an egquivalnce betwesn the m argmal cost of physical cgpital () and the
m arghal retum . This equation could bem odified by an efficiency expression sin Tbrto equation @),
driving a w edge betw een m arghal product and m arghal cost, t© capture the possibility thatsom e
countries have Jess efficient capitalm arkets than others; but thisw ould Jeave unaltered the general
form of the final equations to e estin ated.

The final equation In them odel, equation (10), ndicates the potential determ hants of dam ocracy . I
m ay be the case thathigherm aterial incom e prom otes dam ocracy (Park, 1987), or thatm ore highly
educated societies arem ore dan ocratic. The existence of a coastlnem ay encourage the dem ocratic
process, because itm akes it easier for resdents t© flee from authoritarin goverrm ents. Culural
factors could Influence the evolution of a dan ocratic process because of thelr association w ith
hum an rights cbservance, discussed above. C ountry size could also have an effect: Jarger countries
m ght be m ore difficult for an authoriarian regm e © m anage, ceteris parious. Etmo-lnguistc
diversity m ghtprom ote dan ocracy, because itm akes itm ore difficult fora shgle party t© acgquire
the unconditonal support of a lrge fracton of the popultion; or it m ght promote
authoritaraniam |, because of a Jack of social capial.

Equations 2-10) can be solved 1n a partally reduced form thatpem its us t© vestgate the links
betw een four of the key factors h socil and econom & developm ent: noom e §y), education ),
health h) and dem ocracy @) . The fourequations are shown below .

hcome:
v={Bo+ Pr-v+Pas+Pat+ Pad + lon —omifzle+ oo —oszmefslh + own}
X {13/l -0-051} 1)

Education:
e= {hoube) —yo +ys-lo —mofts + 1 +ysClv+ 2 +ys-Lls+ s + =01t
* Ba+ysCedm + Bs +ysGe + OMsly + by + v Gy —mafr3Th}
+ [1 —ysCs + o] a2)

Healh:



h={hozosz) -8 —-Tofts + d1-V+ J2:S+ O3 t+ Ba —Sa'x}x + 3s-d + Bs + O f13ly
+ B -muszlel + [L+ mafzl 13)

Danocracy:
A= {Co+ s o) —yo -mofts] + o+ (spnlv+ Ko+ Goyals+ G+ (syslt
+ Lo+ Coyadm + o+ Cs by + 0/1ly + G + Co 7 ~mas 130}
+ [L—yss] 14)

yiqiﬂeq’dfbdbyn;h'ﬁiielﬁﬁedbyx;S eand d are dentified by m  fvhich representsm ore than one
varidblke). e cannotbe Yentified  equation (14), nor can d I eguation (12). O therw ise, there are
three endogenous variables on the righthand side of each equation . N ote that the effect of changes
n e and h on other variables is am biguous: education and health are hherently good for hacom e,
but n this partially reduced form an hcrease I e or h alo has cowding out effects. M ore

Assum g matﬂlereajjzedvallesofeadldepeqdeqtvaﬁab]ejnﬂnefoounttyaredetemjnedby
eguations of the form of (11-14) plus som e Piosyncratic residual effect ui, the systam can be
estim ated on a cross-saction of countries. W e will do this usihg the data described 1 the next

Secton.

2 2 M easuram entofvariables n them odel

Follow g previous papers on grow th, ncom e ism easured by the per capita GD P figures reportad
n the Pam W orld Tables H eston and Summ ers, 1991). A s discussad above, these figures are not
used 1 panel data form |, butare averaged over tin e.y ism easured as the Iogarittm of the 30-year
average of PW T GD P from 1960. Sinece this Jong nin average m ghtbe hterpreted as am easure of
pem anent noom e, we w il compare the results of using the PW T figures w ith an altemative
m easure of pem anent ncom e: the w ealth daasetpresented 1n D ixon and Ham iton (1996). This is
an attam ptto m easure the cunrentpresentdiscountad value of hum an, physical and natural resource
capial n each country of theworld. A caveatto the com parison of the tw o sets of results reported

> As long as n, the value of natural resources (including land fertility), is measured accurately enough,
temperature ought not to affect output independently of n.



below is that the wealth figures are not the result of averagihg over tn e, the original data being
reported as a pure cross-section, nota panel.

Them easure of dam ocracy is taken from  the Polity-T1d dataset M cLaughln etal., 1998), which is
a revision of the Polity-IT dataset Gurr, 1997). These datasets provide Iform ation on Gurrs
m easure of dam ocracy for each country n each year, which w e average over tin e. For each vear,
deam ocracy is measured on a tenpoint scale. Countres are aw arded up t© three ponts for the
com petitiveness of political participation, that is, "the extent t© which altemative preferences for
po]:k,yand]eaderdnjpcanbejnﬂn,epo]jticzalarafla".6 Polites n which opposition partes are
harassad, suppressed or banned from participating I elections are aw arded low er scores. Up t©
tw o points are aw arded for the com petitiveness of executive recriim ent, that is, "the extent that
prevailing m odes of advancem entgive subordinates equal opportunites © becom e superordnates” .
Polities 1n which the electorate have m ore say I the choice of the chief executive are aw arded
higher scores. Countries are aw arded up t© one point for the openness of executive recriim ent
fn easuring any Iim its on who can stand for election t© the executive), and up t© four ponts for
constraints on executive decision-m aking . Polites n which the chief executive is not accountable
for his actions (for example, by having to ansver © a lgishture) are awarded low er soores.
A lthough the w eghting in plicit n the aggregate dan ocracy dex is arbitrary, the Polity-IT dataset
has been anpyed effectively h a w de range of contexts 1 political science M cLaughln etal.,
1998).

A num ber of altermatives are avaidble 1 m easuring the stock of education. Bano and Lee (1993)
provide the m ost sophistcated m easure based on years n school, but for a Iin ited =nge of
countries, and w ith strong assum ptions about the reltve quality of schooling across thew orld. W e
use am ore basic m easure hstead:: the fraction of the adult-population that is literate. Thism easure
has the advantage that it is avaibble foraw der range of countries, and it is a directm easure of an

% Quotations are from Gurr (1997).

7 With the averaging, the distribution of the democracy measure is approximately continuous, but
censored: dividing the score by ten, observations all lie on the interval [0,1]. We estimated both linear and
logit regressions for the democracy equation, and found very little difference in the effects of explanatory
variables at the mean. The main tables report the linear regression results, but the logit regression results are
available on request. The same goes for the literacy measures discussed next.

10



output, mther than an Tputbassd m easure. The data are teken from UNESCO (1998). The adult
literacy @ate is a stock of hum an capial builtup overm arny years; one difficulty n usihg italngside
hoom e 1n a sructuralm odel is thatadult literacy 1 1960 isunlkely © degoend on noom e 1n 1960,
but ncome 1 1960 is Ikely t© depend on lieracy  1960. Fwe were hierested sokly n the
[iteracy i Thoome] partof the m odel, we should want to average the literacy daa I the same
w ay as the hoom e data; but this isnotttuewhen the [hoome i literacy] partof them odel is also
of nterest. H aving tried both pastaveraged and curnrent literacy rates, w e report the results of using
the Jatter, though the choice does notm ake a great deal of difference t© the outtom e. The sam e
ram arks are true of the m easure of health usad m them odel, (og) life expectancy atbirth. The life
expectancy figures usad t© generate the reqults reported below are teken from  the D xon and
H an ilton dataset.

The other stock varisble usad I the estimated model is the measure of the value of natural
resources. The only consistentm easure avaibble fora w e range of countries is the one n D ixon
and Ham ilton dataset, which is reported just once for each country; deally, we would use an
average for the sam e period as hoom e. A caveatto the use of the D Ixon and H am 1lton data is that
therem ay e som em easuram entenor, if 11 som e countries there has been a greatdeal of varation

T the value of natural resources overtim e.

The m easure of ettmo-Inguistic dwersity is the m ostrecent and com prehensive one w e are aw are
of, presented MK an (1997). Thism easures the probability thattw o hdividuals selected random Iy
from a countrys populbtion will spesk the sam e native Bnguage. Country size figures (og
thousands of km 2) are teken from CIA (1997), and tam perature data (enths of degrees centigrade)
from Hoare (1998). For lrge countries, the tem perature figures usad are averages over several
Jarge population centres, and for an all countries the tan perature n the capital city; further details
are availbble on request. For the culural variables, inform ation on colonisation by B rian orFrance
Steken from CTA (1997), and the fiaction of the population adhering t© Christanity or Iskam from
Grines (1996).

W ih data drawn from these digparate sources, there are 114 countries 1 our dataset usng the

PW T measure of ncome ("™ odel 1"), and 120 countries 1 the dataset using the D xon and
Ham ilton m easure of wealth ("M odel 2"). These are Iisted 1n Appendix 1. The sam plem eans and

11



sendard deviations of all continuous vardbles are reported 1n Table 1. The m easures of each
variable are summ arized as follow s.

y:logpercapita GDP n$ M odell); logwealth in$ M odel?2)

e: the fraction of the adultpopulaton thatis lierate

h: Jog years' life expectancy

d : Polity-1TId dem ocracy dex, scaled o the terval [0,1]

n: the Jog per capita natural resource stock I $

v:K 1 5m easure of etmo-linguistc diversity

s: Jog country size 1 1000 km 2

tdunm v forw hether the country hasam aritim e coastlne

m :GBR ummy forBritish cobnies); FRA Gunmy forFrench colonies); CHR (the fiaction of the
populaton thatisChristden; M U S (the fracton of the population thatisM uslin )
x:m ean annual tem perature n 0 1 degrees centigrade

poooooooOoOOOOOOOOOOOOCOCOCOCOCOOOCOOOOOOOOODODDDDDDODODOOOOOOOOOOO0O0O0O00O0OOOOOOCOCOCOOOOD

Table 1: Descriptive Statistics

Variable mean std. dev.
y (Model 1)* 7.809 0.991
y (Model 2) 10.450 1.667
e 0.767 0.227
h 4.145 0.168
d 0.433 0.355
CHR 0.520 0.385
MUS 0.227 0.355
v 0.415 0.273
n 8.712 1.792
x/100 1.921 0.737
s 5.320 1.891

* The statistics for this variable are based on a sample of 114 countries;
for other variables the sample size is 120.
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In addition to measuring the variables in equations (11-14), we ought to allow for the possibility
that the wi for each equation are spatially correlated. The regression equations include the
regional dummies EUR (Europe), SAM (South and Central America), AFR (Africa), MDE
(Western Asia) and ASP (the rest of Asia and the Pacific); the baseline intercept in the equations
including regional dummies is for North America. Dummies at a greater degree of geographical

disaggregation were insignificant.

3.Estm ation Resuls

The unrestricted reduced form OLS estimates on which the structural model in equations (11-
14) is based are reported in Appendix 2. The full model corresponding to equations (11-14) is
not reported here, but is available on request. Tables 2-3 below report the result of imposing
those restrictions on the model that minimize the Hannan-Quinn model selection criterion, when
the model is estimated by FIML.® (The model resulting from minimizing the Schwartz criterion
is similar, but omits a few explanatory variables significant at the 5% level. The model resulting
from using the Akaike criterion is less restrictive than the one reported here; standard errors are
higher than those in Tables 1-2, but coefficient magnitudes are similar. None of the additional
coefficients in the Akaike-based model is statistically significant.) Table 4 reports some
corresponding diagnostic statistics, including White's test for heteroskedasticity. The null of
homoskedasticity can be rejected at the 10% level in Model 1 and at the 1% level in Model 2,
so the t-ratios in Tables 2-3 are based on White-corrected standard errors ("H.C.S.E."); the
uncorrected standard errors ("std. err.") are also shown for comparison. In order to give an
impression of the relative importance of different effects, the final column in Tables 2-3 reports

the product of the estimated coefficients and the variables' standard deviations from Table 1.

The first equation in Tables 2-3 is for the variable y, measured as per capia GDP and wealth
respectively. The y equations in the two tables are qualitatively similar, but with higher

elasticities in the second, wealth-based regression. By far the strongest relationship in the

® For the purposes of model selection country location is treated as a single variable, so individual
equations include either all or none of the regional dummies.
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Table 2: Model 1 Parameter Estimates

v equation

Variable coeff. std. err. H.C.S.E. t ratio co x sd
Intercept -20.0450 3.40260 3.63790 -5.51005 poooooo
n 0.21588 0.03461 0.04101 5.26408 0.38686
s -0.06551 0.02551 0.02972 -2.20424 -0.12388
d 0.17984 0.22980 0.24052 0.74771 0.06384
e -2.43770 0.81680 0.77601 -3.14133 -0.55336
h 6.78100 0.94523 1.02220 6.63373 1.13921
o = 0.4714

e equation

Variable coeff. std. err. H.C.S.E. t ratio co x sd
Intercept -2.39410 0.79874 0.86844 -2.75678 goooooo
FRA -0.06402 0.02646 0.02644 -2.42133 goooooo
MUS -0.17887 0.03175 0.03470 -5.15476 -0.06350
v 0.02417 0.04585 0.04909 0.49236 0.00660
v 0.07445 0.03802 0.04349 1.71189 0.07378
h 0.63223 0.25422 0.28218 2.24052 0.10621
o = 0.1032

h equation

Variable coeff. std. err. H.C.S.E. t ratio co x sd
Intercept 3.61320 0.10963 0.12268 29.45223 goooooo
EUR -0.02456 0.02308 0.01467 -1.67416 goooooo
SAM -0.04879 0.02388 0.01637 -2.98045 goooooo
AFR -0.12375 0.03059 0.02835 -4.36508 goooooo
MDE -0.02540 0.02790 0.02101 -1.20895 goooooo
ASP -0.04386 0.02408 0.01785 -2.45714 goooooo
s -0.00575 0.00285 0.00322 -1.78571 -0.01087
t 0.03181 0.00986 0.01238 2.56947 goooooo
x/100 0.05106 0.02625 0.02044 2.49804 0.03763
x2/100 -0.19018 0.07420 0.06832 -2.78367 -0.00103
v -0.02584 0.01714 0.01686 -1.53262 -0.00705
v 0.04312 0.01587 0.01720 2.50698 0.04273
e 0.32889 0.07156 0.07181 4.58000 0.07466
G = 0.0562

d equation

Variable coeff. std. err. H.C.S.E. t ratio co x sd
Intercept -1.71770 0.37430 0.43955 -3.90786 goooooo
EUR 0.31898 0.13713 0.14031 2.27339 goooooo
SAM 0.12208 0.13869 0.14624 0.83479 goooooo
AFR 0.18427 0.15290 0.16793 1.09730 goooooo
MDE -0.30775 0.15308 0.16441 -1.87184 goooonoo
ASP 0.28012 0.14860 0.16234 1.72551 goooooo
CHR 0.13470 0.08047 0.10144 1.32788 0.05186
GBR 0.24390 0.05266 0.04861 5.01749 goooooo
FRA 0.13736 0.06606 0.06087 2.25661 goooooo
v 0.23190 0.04155 0.04986 4.65102 0.22981
G = 0.2203
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v equation
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Intercept

o0 n 3

6 = 0.7015

e equation
Variable
Intercept
FRA
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G = 0.0979

h equation
Variable
Intercept
EUR
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s

t

x/100
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v

e

Y

6 = 0.0580

d equation
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Intercept
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Table 3:

coeff.
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-3.93820
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8.

C

3.
0.
0.

C

0.
0.
0.
0.
0.
0.

0.
0.

88030

oceff.

39350
04390
15427
.06876
.02028
.95655

oceff.

.74180
01568
03223
11940
00419
03321
00623
.03195
.05233
20226
04604
.35083
.01852

coeff.
.10610
.21667
.02042
.06972
.31632
.17533
.12899
.21218
.09231
.12475

Model 2 Parameter Estimates

std.
.96270
.04902
.03167
.36259
.18100
.38410

R BB O O O

std.
.51423
.01975
.02680
.03864
.01233
.14522

O O O O O o

std.
.07812
.02790
.02796
.03387
.03243
.02842
.00263
.01079
.03088
.08795
.02157
.07655
.00762

O OO OO OO OoOoOo o oo

std.
.25016
.12379
.12299
.13056
.13709
.12955
.06874
.04863
.05603
.01954

o
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err.

err.

err.

err.
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.C.S.E.

.10820
.05723
.03434
.33262
.99591
.14740

H.C.S.E.

O O O O O o

.59127
.02148
.03130
.04086
.01426
.16864

H.C.S.E.

O OO OO OO oo o o oo

O OO O OO0 OO oOm

.07542
.01338
.01384
.02367
.02062
.01747
.00271
.01321
.02396
.07968
.02185
.07455
.00808

.C.S.E.

.27290
.12834
.12457
.13199
.13790
.13113
.08336
.04962
.05081
.02268

6.
.11200
3.
.91528
3.
.73950

ratio
64598

50116

95437

t ratio

5.
2.

4

73934
04376

.92875
.68282
.42216
.67214

t ratio
49.6128

U R AP EPNDOOR It

1

2

4

.17190
2.
5.
0.
1.
2.
2.

32876
04436
20320
90097
29889
41862

.18406
2.
2.

53840
10709

.70597
2.

29208

ratio

.05313
.68825
.16392
.52822
.29384
.33707
.54738
.27610
.81677
.50044

co x sd
goooooo
0.83194
-0.22735
0.46232
-0.89397
1.49189

co x sd
goooooo
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-0.05477
0.01877
0.03381
0.16070

co x sd
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-0.01178
goooooo
0.03857
-0.00110
-0.01257
0.07964
0.03087

co x sd
goooooo
goooooo
goooooo
goooooo
goooooo
goooooo
0.04966
goooooo
goooooo
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Table 4:

A. REesIDUAL CORRELATION

Model 1

50N

Model 2

50N

B. LoG-LIKELIHOODS

Model 1
Unrestricted
Restricted
Restrictions test

(x2(29))

Model 2
Unrestricted
Restricted
Retrictions test

(x2(29))

Diagnostic and Descriptive Statistics for Models 1-2

C. MODEL SELECTION CRITERIA

Model 1
Schwartz
Hannan-Quinn
Akaike

Model 2
Schwartz
Hannan-Quinn
Akaike

D. HETEROSKEDASTICITY TESTS

Model 1
Restricted
Unrestricted

Model 2
Restricted
Unrestricted

d Y
-0.27707
-0.07197 0.12977
0.16400 -0.76210
d Y
-0.50250
-0.18549 0.47873

0.11887 -0.56276

869.361

858.364

21.9945 [0.8204]

861.692

849.803

23.7795 [0.7397]

Restr. Unrestr.
-13.605 -12.593
-14.104 -13.506
-15.059 -14.252
-12.767 -11.808
-13.250 -12.691
-14.163 -13.362

F(210,703) = 0.9901 [O.

F(210,630) = 0.9901 [O.

F(210,757) = 1.3872 [O0.

F(210,685) = 1.2726 [O0.

E. UNRESTRICTED REDUCED ForM R2 (LM) s

Model 1

Model 2

0.6445

0.6645
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-0.34637

-0.62906

0599]
5277]

0011]
0131]



regression is the effect of higher life expectancy. A one standard deviation increase in log life
expectancy leads to a per capia GDP level 114% higher, and a per capita wealth level 149%
higher. Whilst part of this substantial effect might be attributable to the beneficial impact of
health on worker productivity, a large part may to be due to an unidentified relationship
between health and fertility. (The magnitude of the effect is less surprising when one bears in
mind that the maximum observation of GDP is 47 times greater than the minimum, and the
maximum observation of wealth is 596 times greater than the minimum: there is a lot of

variance to be explained.)

Education also has a significant effect on income, but the effect is negative. This is consistent
with the theoretical model, implying that in the typical country ou-m3 < op-mi. The reduced
productivity resulting from the crowding out of physical capital investment when education
expenditure rises more than offsets the benefits to productivity of the better average education
levels. This is consistent with rational behaviour because education also has consumption
benefits. Ceteris paribus a one standard deviation reduction in literacy is associated with a per
capita GDP level that is 55% higher and a per capita wealth level that is 89% higher. The net
effect of education on income can still be positive, however, if education influences health
levels. This possibility will be addressed in the discussion of the h regression, and later in the
discussion of general equilibrium effects. The education effects estimated here are difficult to
compare directly with those in previous studies, which include educational attainment and
physical capital stock measures as independent variables. But with the negative education
coefficient in the income equation and the positive income coefficient in the education equation
below, it is not surprising that most previous studies using single equation techniques have

found no strong overall correlation between the two variables (Temple, 1999).

Income is also influenced positively by the stock of natural capital, and negatively by country
size, although the second effect is relatively small in both versions of the model. In Model 2
there is a significant positive coefficient on the democracy variable, d, implying that a one
standard deviation increase in the democracy index leads to a 46% increase in income. This
squares with other papers which have also found a positive relationship by using measures of
political development such as the infrequency of coups d'état (Easterly and Levine, 1997).

However, the result is fragile: the democracy coefficient is insignificant in both Model 1 in
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Table 2, and in the specification of Model 2 selected using the Akaike criterion, which includes

(insignificant) region dummies.

The most striking aspect of the second equation, for education qua the literacy rate, is that
although there is a positive coefficient on income, it is quite small. The coefficient is significant
at only the 10% level in Model 1 and is insignificant in Model 2. On average, higher income
appears neither to increase the consumption demand for education, nor to generate financial
resources for investment in education. However, the impact of health on education is highly
significant; a one standard deviation increase in life expectancy is on average associated with an
11 percentage point increase in the literacy rate in Model 1 and a 16 percentage point increase in
Model 2. The sum of the income and life expectancy effects are very similar in the two models,
and one interpretation of the figures is that life expectancy and GDP / wealth are competing
measures of the index of material well-being that is the true determinant of education demand.
Conventional measures of material well-being have little direct effect on education, though they
may have an indirect effect through a positive relationship between health and wealth. To put it
another way: increases in per capia GDP are not associated with increases in the demand for

basic education unless they deliver a higher general quality of life.

Aside from income and life expectancy, the only other significant determinants of education are
cultural factors. There is a significantly negative coefficient on the French colonisation dummy:
oeterds paribus, former French colonies have a literacy rate estimated to be six percentage points

lower in Model 1 and four percentage points lower in Model 2.

The third equation, for life expectancy, is the one in which effect of the region dummies are
both large and significant. South America, the Asia-Pacific region and Africa all have life
expectancy rates that are ceteris pardous significantly lower than those in North America. By far
the strongest effect is in Africa: in both models being African instead of North American
reduces life expectancy by 12%; being Asian or South American reduces life expectancy only

by 3-4%.° Recall that life expectancy is significant in the two income equations, but the regional
y

’ The sample standard deviation of log life expectancy is much lower than that of log income (see Table
1); and likewise the estimated effects of explanatory variables in terms of percentage changes are much
lower in the life expectancy equation.
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dummies are not. Africa's "growth tragedy" (Easterly and Levine, 1997) appears to be a health
tragedy. Africa's problem is not that it is a particularly inefficient continent, but that it is a
particularly disease-ridden one. Similarly, it is in the life expectancy equation that the measure
of ethno-linguistic fractionalisation appears with a negative coefficient; but the coefficient is
significant at the 5% level only in Model 2. A one standard deviation increase in this variable is
estimated to reduce life expectancy by just over 1% in Model 2 and just under 1% in Model 1.
It is unclear why the negative impact of ethno-linguistic fractionalisation works through life

expectancy rather than directly in the income equation.

Both income and education have large, positive, significant effects on life expectancy. A one
standard deviation increase in literacy increases life expectancy by 7-8%; for income the figure
is 3-4%. Since both education and income depend positively on health, this means that the
equilibrium impact of income on education will be greater than the small direct effect discussed
above, and that the negative direct impact of education on income will be offset by a positive

equilibrium effect. These net effects will be evaluated later.

Health is also influenced by climatic factors. There is a significant quadratic relationship
between life expectancy and annual average temperature, with the maximum life expectancy at
around 13° centigrade in both models; and countries with a coastline have a life expectancy that
is around 3% higher than similar countries with no coastline. Size matters too: a one standard
deviation increase in log country size is associated with a 1% reduction in life expectancy. This
may reflect a lower level of efficiency of public healthcare provision in large countries, for a

given income level.

The equation for democracy indicates that income levels have a strong and highly significant
impact on polity. In Model 1 a one standard deviation increase in log income is associated with
a 23 percentage point increase in the democracy score; in Model 2 the figure is 21%. At the
national level, democracy (and the quality of life from the human rights that go with it) are a
luxury item. As in other studies, we find that patterns of colonialisation affect present-day
polities. Former British colonies have a democracy score that is oeteris parious 21-24
percentage points higher than other countries; for former French colonies the figure is 9-14%.

There is also one strong significant regional effect: countries in the Mid-East (including both
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Israel and its Arab neighbours) have a democracy score that is ceteris parious 32 percentage
points lower than the score for North America; the gap relative to other parts of the world is

even greater.

Having estimated the structural model, it is possible to compute the equilibrium impact of an
exogenous shock to each of the dependant variables on all of the variables in the system."’ These
effects are listed in Table 5 for both Model 1 and Model 2, and are presented in the following
way. Each column represents the impact of a shock to one of the four equations (11-14) on each
of the four dependant variables. The magnitude of the shock is one standard deviation of the
column variable, and the impact is measured in standard deviations of the row variable. For
example, the second figure in the first column for Model 1 (1.659) indicates the impact on e of
a shock to the y equation equal to one standard deviation of y, the impact being measured in
standard deviations of e. The results for the two models are broadly similar (so we have some
confidence in their robustness), but care should be taken in comparing the two sets of results
because the standard deviation of the income measure (and hence the normalisation) in Model 1

is rather different from that in Model 2.

The figures on the main diagonal are the multiplier effects, all of which are positive. The largest
multiplier effect is for h (estimated at 2.08 in Model 1 and 1.86 in Model 2); the smallest is for
d (1.06 and 1.23). The only negative figures are for the impact of shocks to the e equation on y,
and via y on d; these figures are quite small, however, because the negative direct impact of e
on y (Tables 2-3) is largely offset by the positive impact of € on h, and of h on y. Otherwise,
the equilibrium impact of a shock to one variable on others in the system is large and positive.
In many cases a positive shock of one standard deviation to the equation for a variable leads to
increases in other variables greater than one standard deviation, so there are many virtuous

spirals in the system.

' The impact of shocks to exogenous variables is given in the reduced form coefficients reported in
Appendix 2.
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Table 5: Normalized Effects of Exogenous Shocks

The columns show the normalized equilibrium impact on each of the four
dependent variables of an exogenous shock in each of the four equations.
For example, the second figure in the first column (1.659) indicates the
impact on e of a shock to the y equation equal to one standard deviation of
v, the impact being measured in standard deviations of e.

Model 1
Equation
v e h d
Variable
v 1.452 -0.086 1.623 0.094
e 1.659 1.216 1.487 0.052
h 0.726 0.519 2.080 0.130
d 1.052 -0.056 1.055 1.061
Model 2
Equation
v e h d
Variable
v 1.398 -0.235 0.926 0.366
e 0.586 1.410 1.454 0.154
h 0.548 0.625 1.863 0.143
d 0.872 -0.215 0.576 1.227

oooooooooOOOOOOOOOOOCOCOCOCOCOCOOOCOOCOOOOOOODDODDDDDDODODOOOOOOOOOOOOO0O0OO0OOOOOOOCOCOOOOD

A "shock" in this cross-section context is an idiosyncratic effect making the level of income,
education, health or democracy of a country greater or less than what one might expect, given
the country's other socio-economic characteristics. Since the model we have estimated is a
partially reduced form, it would be incautious to read too much into the regression residuals; we
cannot attribute the appearance of certain countries in either tail of a residual distribution to a
particular reason.'' However, the figures in Table 5 could be interpreted as the potential impact
on a country's development of idiosyncratic effects (including idiosyncratic government policy)
which raised the level of income, education, health or democracy above the level one would

expect.”” Policy initiatives related to one variable will have a different impact on development

"' Moreover, the identity of the countries appearing in the tails varies between Model 1 and Model 2.

" Of course policy is implicitly endogenous in the model; but there will always be a stochastic component
in the determinantion of policy variables that reflects the individual country's genius.
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from policy initiatives related to another. In the absence of a social welfare function converting
values of of y, e, h and d into a single metric (and of estimates of the resource costs of
implementing a certain kind of policy) it is impossible to say which kind of initiative will be
most valuable. But it is striking that the figures in the h columns in Table 5 are generally larger
than those in other columns: idiosyncratic health improvements have more impact on the system

than other idiosyncrasies.

4.C onclusion

This paper has examined the long run relationship between indicators of social and economic
development taking seriously the potential econometric problems encountered in estimating
cross-country regressions, in particular the endogeneity of the different development indicators.
Our results suggest that there exist a number of virtuous spirals in the process of social and
economic development. Economic growth promotes democratic development, and vice versa;
education is good for health, and health is good for education. Perhaps the most interesting
result to appear is the role of health (measured in terms of life expectancy) in the development
process. First, many of the key explanatory variables used in previous economic growth studies,
such as ethno-linguistic fractionalisation and the "Africa dummy", impact on the economy just
through their effect on health. Second, the shocks to the system that have the largest impact on
development indicators are those to the level of health. Small improvements in life expectancy
can have a large effect on income, education and democracy. The value of good public health

policy and health-promoting foreign aid may be even greater than one might anticipate.

Moreover, the inclusion of a democracy index in the model reinforces a point made hter ala
by Collier (1998), that foreign aid - income transfers from wealthy countries to poorer ones -can
generate Pareto improvements. As is well documented in the political science literature cited
above, democratic countries are less prone to engage in internal or external conflict. Aid that
improves the level of income and health of a country will, on average, make it more democratic
in the long run, and so less prone to violence. Since it is the industrialized world that bears the
brunt of the cost of policing and mediating intra- and international conflicts, aid payments could

be motivated by enlightened self-interest.
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Appendix 1: C ountries Included In the Sam ple

* ndicates nclusion n M odel 2 only

Ethiopia
Nepal
Burundi
Malawi
Uganda
Tanzania
Viet Nam*
Sierra Leone
Niger
Cambodia*
Burkina Faso
Gambia
Kenya

Mali
Nigeria
India
Madagascar
Haiti

Benin
Sudan
Togo

China

Laos
Pakistan
Ghana
Yemen
Nicaragua
Comoros
Sri Lanka

Honduras

Zimbabwe

Senegal Turkey Portugal
Cote d'Ivoire Thailand Greece
Egypt Cuba* Cyprus
P.N. G. Namibia
Indonesia Iraq Saudi Arabia
Zambia Costa Rica Botswana
Cameroon Iran New Zeland
Burma Congo Ireland
Mauritania Fiji Israel
Philippines Panama Spain
Liberia Jamaica Singapore
Romania Brazil Britain
Guatemala Mauritius Finland
Morocco Swaziland Italy
C. A R Poland Netherlands
Peru Czech Republic Belgium
Ecuador Mongolia Austria
Dominican Republic Malaysia Germany
Jordan Venezuela Kuwait
El Salvador South Africa France
Syria Uruguay U. S. A.
Bolivia Hungary Norway
Bulgaria Chile Denmark
Lithuania* Trinidad Iceland
Paraguay Mexico Sweden
Colombia Guyana Japan
Algeria Argentina Switzerland
Tunisia Oman Luxembourg
Albania* South Korea Canada
Slovakia* Bahrain Australia

27



28



