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ABSTRACT

We show that in a fully integrated economy, in whibere is free mobility of goods
and factors, each member’s share of total outplliteqqual its shares of total stocks of
productive factors (i.e., physical and human c#pit&e label this result the equal-
share relationship. This relationship also holdsthe presence of technological
differences or costs of factor mobility among memsbé& outputs or inputs are
properly measured to reflect such differences stsdlrhe equal-share relationship is
the limiting distribution of output and factors angomembers of a fully integrated
economy, and it constraints the set of policies dam affect each member’s relative
growth within an integrated economy. We empiricalyamine for the equal-share
relationship for alternative economic groups (iS, states, EU countries, Developing
Countries and a World comprising 55 countries). findings indicate that the equal-
share relationship holds strongly for US stateddseveakly for EU countries, but

does not hold for Developing Countries or the World
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THE DISTRIBUTION OF OUTPUT IN INTEGRATED ECONOMIES:
THEORY AND EVIDENCE

A surge of regional integration agreements overghst two decades have
sought to reduce barriers to the exchange of goselsjces and, in the extreme,
factors of production among subsets of countriesamples include the NAFTA
(United States, Canada and Mexico), the Europeannin“Europe 1992” internal
market program, the recent accession of 10 additioountries into the European
Union (EU), and ongoing efforts to initiate or renagreements among a variety of
nations (e.g., the Free Trade for the Americas, IERUR and ASEAN free trade
agreements). The literature dealing with the ecaocommplications of regional
integration has mostly dealt with the effects afueing barriers to the movement of
goods. Less attention has been given to the intpita of also allowing greater
mobility of productive factors within an integratedonomy. This omission from the
literature is important not only because cross-eorthctor flows are becoming
increasingly importantbut also the international trade literature haglogcognized
that goods trade and cross-border factor flows eardence a substitute or
complement relationship. Hence, reducing barriershe movement of productive
factors within an integrated area would be expetdedffect the final distribution of
production across members of an integrated economy.

In this paper we investigate the implications ¢dwing factor mobility within
an integrated economy for the distribution of prctithn across members. Employing
factor price equalization as a driving force, weowghthat factor mobility among
members of an integrated economy (IE) implies dath member’s share of total IE
output will equal its shares of the total IE stawkeach productive factor (i.e., its
shares of total physical and human capital). Wentthis theoretical prediction the
“equal-share” relationship.

An important implication of the equal-share relaship is that it sets a

constraint on the long-run relative growth perfonea of IE members.

! Sachs and Warner (1995) chronicle these libetaizafforts.

2 The importance of factor mobility in many partstoé world is evidenced by the growing importance
in many nations’ balance of payments of remittanca® fabroad (e.g., International Monetary Fund,
2004). Capital flows in the form of foreign direnvestment continue to be important among
industrialized countries and they are increasingdyp &keing directed toward developing countries.
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In particular, since the sum of output shares actBsmembers equals unity,
the long-run expected growth rate of output shamast be zero. Therefore, it is not
possible for every member of an IE to sustain dtipesrate of growth of its output
share in the long-run. Moreover, the constraint aegad by the equal-share
relationship implies that in any given time perititg relative growth performance of
IE members can be taken to be a random outcoméngent on alternative states of
nature. The random behavior of member’s relativewn is more true the greater the
extent of economic integration among members. kamgle, it is truer if members
do not run independent monetary or exchange rdteigg) when fiscal policies are
constrained by institutions, when education systears harmonized, and when
successful local industrial policies are rapidlytated.

The implications of our analysis for growth relatiesthe existing growth
literature in several respects. First, our analygs a direct implication for the
guestion of convergence in national outputs thatlbeen extensively investigated in
the growth literature (see e.g. Durlauf and Qua®99). Empirically, Evans and
Karras (1996) and Evans (1997) find higher speédscome convergence among US
states than for countries. These findings are sterdi with the theoretical predictions
of Barroet al. (1995) who show that an open economy with padagdital mobility
has a higher rate of convergence than does a cksmtbmy. Similarly, Rappaport
(2005) introduces labor mobility in the neoclaskigeowth model to show that
emigration creates a disincentive for gross capitagstment. This disincentive partly
offsets the positive contribution of labor mobility faster income convergence. In our
framework, the equal-share relationship implies tkamembers will have the same
output per efficiency unit of labor. This implicatti is the essence of the convergence
hypothesis investigated by the growth literatuexehinterpreted in terms of efficiency
units of labor and not per capita.

A different view of the processes generating ecanaranverge is contained
in the literature that relates financial servicesl growth. Financial intermediation
pools funds and allocates these to those activéigsected to produce the highest
reward. A more efficient allocation of savings tentb increase rates of growth
(Bencivenga and Smith, 1991). Internationally, ggeategration of financial markets
is expected to both lower the cost of financialidmnd to foster a reallocation of
capital from capital abundant to capital scarcentdes. One effect of such a

reallocation of capital resources may be to prontethnological progress (e.g.,
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venture capital) that can offset decreasing rettorghysical capital and may generate
endogenous growth (Greenwood and Jovanovic, 1%@pirically, Levine (1997)
found evidence of a cross-country pattern linkimpwgh and domestic finance.
However, Edisoret al. (2002) and Eschenbach (2004), who also reviewntbee
recent literature, find weak evidence of a linkviztn capital mobility and per capita
income growth. A key contribution of our analysssto show that capital market
integration, and factor mobility in general, wi#dd to the emergence of the equal-
share relationship that then introduces a consteairihe relative growth performance
of members of an integrated area.

Finally, the equal-share relationship also addsesseas’ (1990) question as
to why more capital does not flow from rich to pamuntries. Namely, an economy
with a low level (and hence a low share) of humapital will also have a low share
of physical capital, and also a low share of output

Given the potential theoretical importance of tlg@a-share relationship, we
examine empirically for its presence for differgmoupings of economic units (i.e.,
US states, EU countries, Developing Countries,thedVorld). Our empirical results,
based on panel data spanning the period from 19®@®@0, indicate that the data fit
the theoretical equal-share prediction the higherdegree of factor mobility among a

defined set of IE members.

1. OUTPUT AND FACTOR SHARES IN INTEGRATED ECONOMIES

We consider an economy (or economic unit) that pced a single good by

means of a constant return to scale productiontitmc
(1) Y =F(K,H).

whereY; is the level of outpui; is the level of physical capital stock addis
the level of human capital stock, all at timelo facilitate interpretation we assume
the production function takes the Constant Elastizi Substitution (CES) form:

(2 Y= V{5K[" + (1—5)Ht—p}-l/ﬂ



where yis an efficiency paramete the degree of physical capital usage,
andp is a substitution parameter such that the el&gtafi substitution between the

two inputs ir =1/(1+ p). Given(2), the marginal product of physical capga

p) ~@P)p
@ (o, :y5{5+<1—5)[§j }

t

Combining (2) and (3) one can write:

. Ll+p
@ (=Y 5(}(‘} -

Similarly, the expression for the marginal prodotteffective labor (human
capital) is:

0 -(1+p)/p
6 (F) =y(1-5){(1—5)+5[§j }

t

or
1+p
©) (R, = y‘f’(l—a{iJ .
Ht

We now introduce a second economy and considerirti@ications of
allowing factor mobility between the two economifisphysical capital and human
capital are perfectly mobile between the two ecamesnthen we would expect each
factor to flow from the low to high rate of retucountry until each factor’s rate of
return (marginal product) is equalized betweentii® economies. However, if there

are barriers to factor mobility then rates of ratwill only be partially equalizetiFor
simplicity, we can represent such barriers by setirarying proportional wedge in

rates of return to physical capitak(k) > 0) and rates of return to human capita(h)

% Barriers to capital mobility can include sovereigm @olitical risk, capital controls, and tax
differences that can hinder cross-border investmBatsiers to human capital mobility include
government regulations on immigration and work pesndifferences in pension systems and
languages between countries.



> 0). Given this, the relation between the ratesetiirn between the two economies
can be written:

. L 1+p _ e Y_t* 1+ p*
My 5(KJ A7 o (KJ

t

t

® y-9) [H = A (M) (1~ [;—}

t

where *" indicates second economy variables. Tdterof (7) to (8) gives the
ratio of human to physical capital:

7
H H, *

9 t = () )HAP) t

© =) [K]

where:

n=[3*@-3)/(1-3*%3]""", implying 7 =1 whend = 5*;
=01+ p*/A+ p), implying & =1 whenp = p*;

A = Ak) /A (h), implying A =1 when), (k) = A (h).

Using these definitions we can write (7) as:

7<|-<

(10) - =vw(/1t(k))”“””(%j

where:
V= (5*/ 6)1/(1+p)

w=[07 7y

We are now fully equipped to illustrate the imptioas of the model for the

distribution of output and factors between the ®amnomies. To show the role of
human capital, rewrite (8) as:



:<

(11)

T |;<

=21, (h))““*”)(

0
)

Traditionally, (11) serves as a basis for prodiigtivcalculations and

t

comparisons across countries. However, unlike #istieg literature (e.g., Hall and
Jones, 1999) where productivity is measured by wufer worker, equation (11)
expresses (like the endogenous growth literaturedyztivity in terms of output per
effective unit of labor. For the sake of comparisoonsider Hall and Jones’ (1999)
example of the United States and Niger. In 2000,0utput per worker was 38 times
higher than output per worker in Niger. Using asn@asure of human capital the
number of persons with at least a secondary educatiutput per unit of human
capital in Niger is instead measured to be 1.3gitrigher than in the United States for
the same period. This indicates the sensitivitypodductivity comparisons to the
measurement of human capital.

To obtain a first expression of the equal-sharati@iship, note that (9) and
(10) can be written as follows:

% = ”(At )1/(1+p)( J /7(/‘ )1/(1+p
t K *)
Yt Y +(Y *) Va(/](k))ll(np)

i: 1(+p) ’

Combining these two expressions gives:

Ht Yt Kt

(12) — = =
He + (HHnA" Y+ () vl (R 12 K +(K)

Equation (12) establishes a link between the &icsmomy’s shares of the total
output, physical capital, and human capital actbestwo economies. Differences in
technology between the two economies imply onlyeacaling of the original
variables. A difference betweegii/and yindicates a neutral difference in technologies
that has no effect on the optimal selection of pfajapital and human capital, but it

does have an effect on the distribution of outhtdughw in(12).



A difference between the substitution elasticitiaroduces the powe#d
whereas differences between the other parametats te a multiple rescaling of
variables.

Equation (12) nests several share relationships thiate to different
assumptions about technology and factor mobilitye¢hnology is identical between
the two economies then (12) simplifies to:

H, Y, K,

13 = L = :
( ) Ht + Ht * /]tl/(l+p) Yt +Yt* /]t( k) Hee) Kt + Kt*

In this new form of the equal-share relationshgme variables for the second
economy are rescaled by the proportional differenoerates of return. For example,
from(13), an absence of barriers to physical capi@bility (A, (k) =1) implies equal
output and physical capital shares that, howevéierdrom the human capital share.

If we assume that both, (k) =1 and A, (h) =1 then the equal-share relationship takes

the simple form:

Ht — Yt — Kt

(14) = =
Ht+Ht* Yt+Yt* Kt+Kt*

This states that when there are no barriers t@ifanbbility and technologies
are identical, each economy’s shares of total dutijptal physical capital and total
human capital will be identical.

The equal-share relationship (14) has three maiplications. First, a

reallocation of physical capital between IE ecoresnithat is,dK, =-dK,, must be

accompanied by an increase in output and eitharfeow of foreign human capital or
an accumulation of domestic human capital to retwaahe equality of world shares.
Similarly, a policy that increases a country’s ghaf total IE human capital will raise
both the country’s share of total IE output andshiare of total IE physical capital (via

either an inflow of foreign physical capital or actulation of domestic capital).
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Second, our framework can be related to the brogid bf output convergence

by noting that if (14) holds then the following twequalities will also hold:

+ *
H, H +H*
*
H, H*

t t

From (16) it is clear that, if the equal-share tieteship holds, the two
economies will have the same output per efficiemoif of labor. This implication is
the essence of the productivity convergence hyphéBaumol, 1986), here
interpreted in terms of efficiency units of lab@danot per capita.

Third, the equal-share relationship (14) can besredd to the case of an
integrated economy that compriges 1,...,N members. If all members have the same
technology, and there is perfect mobility of eitipdrysical or human capital among

members, then the equalization of factor rategtfrn implies:

H., Y, K

- it it
ZJ-N:lH jt Z:'\l:let le\llei‘

(17) fori=1,...,N

This set of equalities express the distributioroofput and factors amonyg
members of a fully integrated economy. Like(12)pression (17) can be extended to

allow for differences in technology and factor netrkmperfections among members.

2. EMPIRICS

In this section we examine empirically for the deglzare relationship with
respect to alternative economic groups that magnay not meet the condition that
they form a fully integrated economy. We considairfgroupings: the 51 US states,

14 EU countries, 30 Developing Countries and a Woadnsisting of 55 countries.
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Specification
The equal-share relationship (e.g.,(12)) implieseehbivariate relationships

that link member’s shares of total IE outputy(), of total IE physical capitaIIZ() and

of total IE human capitalf{ ):

18) vy =k
(19) ¥ =h
(200 R =k

Expressions (18) - (20) hold when outputs and factoe adjusted for any
barriers to factor mobility or technological diféerces. However these adjustment
factors, and hence the theoretical shares, arebs®rvable. However it can be seen
from (12) that these adjustment factors only affeeasurement of the denominator of
each share. This allows us to transform expressid® - (20) into testable
propositions involving observed output and factwarss.

Lety;, ki andh; denote member i's observed shares of output, palysapital
and human capital. Similarly, lef, K; and H; denote the observeldvel of each
variable, and continue to let a “~” over a variabénote its (unobserved) value when
adjusted for any technological differences or faatobility costs. Given this, we can,

for example, transform (18) as follows:
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(21) yl :ﬂykki

N N N N
whereg,, =(ZKJ/ZKJJEZYJ./ZYJ. If there are identical
=1 =1

=1 =1
N N N N
technologies and no barriers to capital mobilitgrt) Y, =>"Y, and Y K, =YK,
=L =1 j=1 =1
so that Bx = 1% Similar transformations of (19) and (20) yield thallowing

expressions between observed output shares and/etisactor shares:

(22) yl = IByhhi
(23) h=p,k.

Again, in(22),8n = 1 if there are no differences in technology orarriers to
human capital mobility. Treated as a system, eqnat{21) - (23) imply the restriction
Lo = B I Bn, so thatBw = 1 whenBi = Bh.

We conduct several tests of the equal-share raidtip based on equations
(21) to(23). The first is a “weak” test that coresisl pair-wise rankings of the output
and factor shares across members of a given inéebexonomy without regard to the
strict equalities among share values as state@liptp(23). A second set of tests is
based on regression estimates of the coefficidatslink the output and factor shares.
To conduct this second set of tests it is convenienexpress (21) to (23) in the

equivalent form:

* This would also be true in the singular case whetentgogy differences exactly offset barriers to
factor mobility.
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(24)  In(y)) =6, +yyIn(k) + uy,
(25) In(y;) =6, + YV In(h) +uy,
(26) In(h) =6 + yu In(k) + Uy

where 8x = In(Bx), 8n = In(Bn) and Bk = In(Gw). The disturbance termu)(
added to each equation is assumed to have theasthpdoperties (i.e., i.i.d., with
mean zero and constant variance). However, ieardlparticularly from (24) and(25))
that these disturbances will be contemporaneousielated To account for this we
obtain parameter estimates using the Seemingly latere Regression (SUR)
procedure.

Except for US states, our data on countries’ ougmat factor shares comprise
a series of cross-sections at five-year intervatsvben 1965 and 2000. For US States,
the data are only available for 1990 and 2000. Gibe time period spanned by the
data, we might expect that for some groups (ehg.BU) the equal-share relationship
may hold in later periods but not in earlier pesiodihat is, there may be convergence
toward the equal-share relationship over time dumdreased integration among the
members of a given group. To account for this iy we estimate the equation
system (24) to (26) separately using the crossesedata in each year. Subsequent
analysis then examines hypotheses regarding ceeffitomogeneity over time in
order to assess the extent to which the data ciead be pooled over tirfe.

Given estimates of the parameters in (24) to(2@)coanduct tests to examine
for evidence of the equal-share relationship inhegear. Each test, except one,
involves a hypothesis that the intercept term icheaquation is significantly different
from zero. This follows since if any beta coeffitig4;) in (21) to (23) equals one
(i.e., the equal-share relationship holds) thenctireesponding intercept in (24) - (26)
equals zero (i.e., | = 1 thend;; = In(5;) = 0).

We first test the simple hypothesis that the irgptderm in a given equation
equals zero. Failure to reject this hypothesis wosupport the equal-share

relationship with respect to a particular pair lo&es.

® One would also expect the disturbances in (24) abift¢2be serially correlated in a panel data
setting.
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A second test examines if the intercepts acrosshifee equations are jointly
equal to zero in each year. In addition to theststi®or a zero intercepts, we also test if

the pseudo slope parameteps X equal unity, both individually for each equatiand

jointly across the 3 equations, in each year. Binals a check on the integrity of
equation system (21) - (23), we test the validifytlte cross-equation parameter
restriction Gw = Bk ! Bn. In terms of system (24) - (26), this involvestites the
restriction that expw) = exp @) / exp @n) or equivalently, thaBy = Bx - Gn.

Both forms of this cross-equation restriction asted.

Data

Here we provide only a brief description of theadatsed. The Appendix
provides a more complete description. For eachhef 51 US states, output is
measured by real gross state product (GSP). Stgeqgal capital stocks are estimated
by multiplying estimates of the total US physicapital stock per industry with an
industry’s contribution to the state’s total incoraed then summing them across
industries. State human capital stocks are measwdtle number of persons in the
state with at least a secondary education. Duei$sing data, complete data for US
states on all three variables (output, physicalfandan capital) are available only for
1990 and 2000, when US Decennial Census were ctadludowever, output and
physical capital data are available for other ye&@vere appropriate (e.g., when
computing rank correlations) we use these additipears of data.

We also consider three other economic groupingsth@ EU, consisting of 14
EU member countries (Luxembourg is excluded dukadk of data), (2) Developing
Countries, consisting of 30 lower income counteéed (3) the World, consisting of 55
countries for which the necessary data are availaBlutput of each country is
measured by its real gross domestic product astegpm the Penn World Tables 6.1
(Heston, Summers and Aten, 2002). Country physiegital stocks from 1965 to
1990 are those reported in the Penn World TablggHeston and Summers, 1991a;

® Hence, we do not impose aayrior constraint on the parameter values between timedseris
would be the case if we instead estimated the equsygtem using the entire panel across years and
countries .

" We test this restriction using a Wald test. We tegh forms of the restriction since equivalent forms
of a restriction can give different results when usingald test (Greene, 2004).
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1991b)? However, data on EU country physical capital ssoftk the period 1980 to
2000 are also available from Timmet, al. (2003)? We combined these two data
sources in order to obtain a capital stock semesElJ countries covering 1965 to
2000%

Country human capital stocks are measured as timbeof persons with at
least a secondary education, as reported in BardoLae (1993, 1996, and 2000).
Since data on rates of educational attainment rlseavailable every 5 years, the data
sample was limited to five-year intervals from 196@000. Following this constraint,

data on output and physical capital stocks areralsiicted to the five-year intervals.

Results

Tables 1 and 2 report Spearman rank correlatiofficiests between pairings
of the output and factor shares for each of the fpoups representing alternative
integrated economies. These correlations offerst iindication of any tendency for
output and factor shares to be related. All ranketations are positive and highly
significant for US states (Table 1) and the thrdeepoeconomic groupings (Table 2).
These results offer strong evidence in favor of ‘theak” form of the equal-share
relationship: that there will be conformity betwegmir-wise) rankings of the output

and factor shares across members of a given IE.

Insert Table 1 & 2 About Here

Tables 3 to 6 report SUR estimates of the threatsmu system (24) - (26) for
each group in each sample year, and for the datiegh@ver all years. The results for
US states (Table 3) indicate a high degree ofditveen output and factor shares: the
minimum value of the adjusted R-square over allatigns is 0.946. The results

further indicate strong support for the equal-shiatationship in each year and for the

8 At the time this paper was written the Penn Worlbl&s Version 6.1 did not report country physical
capital stocks.

® The series forms the source of the OECD productivitgtiiese. See e.g., Schregeal. (2003)

1% \We performed estimation using both sets of dat&€tbcountries and found no qualitative difference
in results when data are available from both sourt@80Q, 1985 and 1990). We will therefore report
only the results using capital stock data from Timetet. (2003) during these three years.
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pooled samplé. Specifically, we cannot reject the hypothesis that intercepts are
different from zero, whether this hypothesis iggdsndividually for each equation, or
when tested jointly across the three equationeath year. We also cannot reject the
equal-share hypothesis when using the pooled satmpéldition, in no case can we
reject the cross-equation coefficient restrictidhis indicates the overall integrity of
the equation system relating output and factoreshafhese results indicate strong

support for the equal-share hypothesis among U8ssta

Insert Table 3 to 6 About Here

For the EU, the yearly cross-section results inl@dbsuggest that the equal-
share relationship cannot be rejected, whetheestyng that the intercepts are zero in
each equation in each year, or testing that tleedapts are jointly equal to zero across
the three equations in a given year. However, dated in the last part of Table 3,
when the equations are estimated using the datkegaver all sample years, or
pooled for subsets of the sample years, the ednuaakegelationship is rejectédThe
different conclusion from the annual versus thelgdsample results likely reflects
the small sample size (14 observations) of eacksesectiori? While the equal-share
relationship for EU countries is rejected in temfishe joint test that the intercepts are
zero, the cross-equation coefficient restrictiop(Bx) = exp@yk) / exp@yn) is not
rejected, again indicating the overall integritytb& equation system relating output
and factor shares. We conclude that technologidédrences or barriers to factor
mobility remain important obstacles preventing Edditries from comprising, unlike
US states, a fully integrated economy. Notableh&dt the equal-share relationship is
rejected for EU countries even in 2000, a peridibfdng more than a decade of EU
reforms (that included implementation of completiedr mobility) intended to further

integrate EU countries.

" For each equation we could not reject the hypotheshomogeneity of the intercepts and of the
slopes across years. This means it is legitimate to estthethree-equation system using the data
pooled over time.

12 ps for the US, for each equation we could notaijee hypotheses of homogeneity of the intercepts
and of the slopes across years. Hence, it is legititnastimate the three-equation system using the
data pooled over time.
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Finally, the results for Developing Countries (Teab) and the World (Table 6)
indicate no support for the equal-share relatignskor each group, the hypothesis
that the intercepts equal zero is strongly rejedtmdboth the individual cross-sections
and pooled sampléswhether the hypothesis is tested individually facte equation
or tested jointly across the set of equations. H@wein almost all cases the cross-
equation coefficient restriction cannot be rejectadain indicating support for the
basic structure of the equal-share equations. Theselts cast doubt on the
importance of factors such as increasing flowsagiital across countries (i.e., greater
capital market integration) for creating convergentoward the equal-share
relationship for these groups of countries. Instélael results suggest that there remain
significant barriers to technology transfer, factmws, and goods flows between

developing countries as well as in the world ashale:

DISCUSSION

This paper considers the implications for the distion of output and factors
among members of an integrated economy in whictetlsefree exchange of goods
and factors, and where members share the samegtimdtechnology. In this setting,
we derived a theoretical result we call the eqbaks relationship. This relationship
states that each member’'s share of total IE outplitequal its shares of total IE
stocks of productive factors. The equal-share imlahip was also shown to hold in
the presence of technological differences or cadtdactor mobility among IE
members if outputs and inputs are properly meastoee@flect such differences or
costs.

Our empirical analysis examined for the existende tlte equal-share
relationship among alternative economic groupingkS states, EU countries,

Developing Countries and a World comprising 55 ¢oeas.

3 To examine this, we estimated the equation system daiagpooled across different subsets of
years. Even for the minimal case of combining two ye&data, a pooled sample of 28 observations,
was sufficient to reject the equal-share relationship.

4 For both groups, we could not reject for each éqnahe hypotheses of homogeneity of the
intercepts and of the slopes across years. This mearegitimate to estimate the three-equation
system using the data pooled over time.
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Strong evidence for a weak form of the equal-shalationship involving a
link between rankings of output and factor shares Wiound for each of the four
groups representing alternative integrated ecormriihen strong forms of the equal-
share relationship were instead examined, the teesudlicated that the integrated
economy of US states exhibits full conformity withe predicted equal-share
relationship. US states therefore represent a lmeadhthat can be used to understand
the implications of full economic integration.

The empirical findings give only mixed support fahe equal-share
relationship among EU countries, and they strorrgfgct this relationship among
Developing Countries and the World. The findings Beveloping Countries and the
World are perhaps not surprising and, in this setisefindings serve as a check on
the robustness of the empirical methods used tonimeafor the validity of equal-
share relationship. The finding that EU countriesrbt yet appear to form a fully
integrated economy suggests that efforts to mompéetely integrate EU member
states have, as least for the time periods stuthéddd to achieve the desired level of
integration.

Though the equal-share relationship is a staticacherization of integrated
economy, it raises questions of a dynamic nature iplication of the equal-share
relationship is that the underlying growth mechan&f members of a fully integrated
economy can differ markedly from those assumedhieyexisting growth literature.
Specifically, it puts a constraint on the set ofipes that can affect the economic
position of a member relative to other IE membditse more harmonized are the
economic policies of IE members the more likelyhis relative growth experience of
any one member to be a random outcome contingemadicular states of nature.
Also, successful investment and education polibiean IE member may not increase
its relative position if these policies are rapidiyplicated by other members. Hence,
only independent and non-imitated investment andaiibn policies undertaken by
one member can increase the returns to that mesnloedl productive factors which
can then provide the incentive to accumulate andérerate inflows of productive
factors.

The empirical relevance of the equal-share relatignstresses the importance
of foreign direct investment since it increases liost member’s share of physical

capital and its return to human capital.
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Also, a country whose funding level of educationrédatively high may
experience an increase in its share of human ¢agitace this rising of human capital
share increases the return to physical capitalrdbelting inflow of external (foreign
and/or from another IE member) physical capital andumulation of local physical
capital can increase the active member’'s sharaigfud® Of course, much depends
on the institutional arrangements that charactetieepolicy space of IE members. It
is hoped that the analysis presented here offemaenient framework within which

further research on such issues can be conducted.

!® These predictions assume the integrated economyoisett!, so that there are no flows of goods or
resources between integrated economy members andneiesrtbat are not members of the given
integrated economy. These predictions would therefer&inly apply to the integrated economy
comprised of all economies (i.e., the World).
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APPENDIX — DATA METHODS AND SOURCES

The output for each of the 51 US states is meadwyedal gross state product
as reported by the US Bureau of Economic Analy8EA)."® These data were
available yearly from 1990 to 2000.

Estimates of state physical capital stocks weravelérfrom BEA (2002)
estimates of the total US physical capital stocleath of nine one-digit industrial
sectors comprising all economic activity.These national physical capital stocks in
each industry were allocated to each state by phyltig an industry’s total capital
stock® by that industry’s contribution to a state’s tatalome?® These industry capital
stock estimates were then summed, for each staththin an estimate of a state’s
total stock of physical capit&lThe calculation performed for each state at eanbfti

can be expressed algebraically as
k() = K )y, 0/%®)]

In this equationki(t) is the stock of physical capital in statey;(t) is value
added by industryin statel (i = 1...51),Y(t) is statei’s total value added, ark(t) is
the national level stock of physical capital inusttyj (j = 1,..., 9). This procedure
assumes that the capital-to-output ratio withiniregustryj (i.e., kj(t) / y;(t)) is the
same across US states, thakigt)/y;j(t) = Ki()/Yi(t).?* In turn, this assumption implies

that an industry is in a common steady state a@ib&sS state$’

' Data on gross state product are availabletpt//www.bea.doc.gov/bea/regional/gsp

" The sectors (BEA code) are Farming (81), Agricultsealices, forestry, fishing & other (100);
Mining (200); Construction (300); Manufacturing @9 Transportation(500); Wholesale and retail
trade (610); Finance, insurance and real estate;(@0d)Services (800).

18 Data on state physical capital stocks by industrevaken from US Fixed Assets Tables, available
at http://www.bea.doc.gov/bea/dn/faweb

19 Data on annual state personal income are availahtga/www.bea.doc.gov/bea/regional/spi

20 This procedure follows that used by Munnell (199G) &arofalo and Yamarik (2002).

%L This assumption of an equal capital-labor across stagegiven sector does not imply that each
state will have the same share of total U.S. capital

22|f a sector is converging towards its steady statepuiysut-to-capital ratio would be below its
steady-state value. This only poses a problem ifrtii@li output-to-capital ratios in a given sectorwar
across US states. If the ratios do vary, the procedauotd allocate too much to those states further
from steady-state and too little to those states ctosteir steady state. However, this possibility is
unlikely if competition leads firms in all states to ptithe best available production technology.
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For example, the agricultural sector in Texas ithim same steady state as its
counterpart in Oregon, and the manufacturing seat@ennsylvania is in the same
steady state as its counterpart in Ohio. The cocstd physical capital data are from
1990 to 2000, on a yearly basis.

State human capital stocks were derived from dataducational attainment
in each state taken from the US Bureau of the GghsBince census data on
educational attainment are only available everyddrs, this limits the data on stocks
of human capital to the two years 1990 and 2000.

For the countries comprising the EU, Developing @oas and World
integrated economic areas, total output is measawyecountry’s real gross domestic
product (GDP) derived from the data on real GDP qagita (base year = 1996) and
population in Penn World Tables 6.1 (Heston, Sunsnaerd Aten, 2002} The data
on output were obtained from 1960 to 2000.

Data on physical capital stocks were derived froemrP World Tables 5.6
(Heston and Summers, 1991a; 1991b) which repoutsdata series for each country:
(1) population, (2) physical capital stock per wank(3) real GDP per capita and (4)
real GDP per workef. The physical capital stocks for each country wemestructed
as the product of the first three series dividedhsylast series. These data cover the
period 1965-1990. The series for each EU countrg wgdated to 2000 using data
from Timmeret al. (2003)%*

Each country’s stock of human capital stock wassuesd by multiplying the
percentage of a country’s population having attleasecondary level of education
with the country’s total population. Data on theeraf educational attainment for each
country were taken from Barro and Lee (1993, 1996, 2000}’ Data on a country’s
population were from Heston, Summers and Aten (R0Bce the data on rates of
educational attainment were only available eveygérs, the data sample is limited to
five-year intervals from 1960 to 2000. Followingisthconstraint, the output and

physical capital stocks were also obtained in fiear intervals.

% pecennial Census Dataset are availabletat/factfinder.census.gov

24 penn World Tables 6.1 is availablehitp://datacentre2.chass.utoronto.ca/pwt

% penn World Tables 5.6 is availablehétp:/datacentre2.chass.utoronto.ca/pwt56

26 This physical capital database is availablettt://www.ggdc.net/dseries/growth-accounting.shtml

2" Others studies that have used the Barro-Lee ddtalm&ajan and Zingales (1998), Ramey and
Ramey (1995), Barro (1999), Easterly and Levine (998l and Jones (1999) and Sachs and Warner
(1995).
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The countries comprising the World integrated eooiccarea are: Argentina,
Australia, Austria, Belgium, Bolivia, Botswana, Gala, Chile, Colombia, Denmark,
Dominican Republic, Ecuador, Finland, France, GesymaGreece, Guatemala,
Honduras, Hong Kong, Iceland, India, Iran, Irelamhstael, Italy, Jamaica, Japan,
Kenya, Republic of Korea, Malawi, Mauritius, MexjcNetherlands, New Zealand,
Norway, Panama, Paraguay, Peru, Philippines, Palti®jerra Leone, Spain, Sri
Lanka, Swaziland, Sweden, Switzerland, Syria, Taiwghailand, Turkey, United
Kingdom, United States, Venezuela, Zambia and Zbwiza

The 14 EU countries are: Austria, Belgium, Denmalfnland, France,
Germany, Greece, Ireland, Italy, Netherlands, R@aituSpain, Sweden and United
Kingdom?#® The set of 30 Developing Countries comprises: Afiga, Bolivia,
Botswana, Chile, Colombia, Dominican Republic, HEtra Guatemala, Honduras,
Hong Kong, India, Iran, Israel, Jamaica, Kenya, &aJ Mauritius, Panama,
Paraguay, Peru, Philippines, Sierra Leone, Sri harfkwaziland, Syria, Taiwan,
Thailand, Venezuela, Zambia and Zimbabwe.

28 |Luxembourg is excluded for lack of data on humaritabsiven the small scale of its economy
relative to other EU countries, this omission is wgllikto affect the results for EU countries.

26



TABLE 1

Spearman rank correlations between outputy)), physical capital k) and human

capital (h) shares across US states

Spearman Rank Correlation Between*
Year
y & k y&h k&h

1990 0.987 0.977 0.980
1991 0.988

1992 0.988

1993 0.988

1994 0.989

1995 0.991

1996 0.993

1997 0.994

1998 0.994

1999 0.993

2000 0.992 0.981 0.978

Notes: y = output share; k = physical capital share; luman capital share;
" n =51 in each year; coefficients whose absoluteevakceeds 0.326 are significantly different from
zero at the 1% level; critical values of the spearnaak correlation tests are obtained from Zar (1972).

27



TABLE 2

Spearman rank correlations between shares of outpuy), physical capital k) and

human capital (h) across EU countries, Developing Countries and Wt

Year European Union* Developing Countries**| The World***
y&k y&h k&h|y&k y&h k&h|y&k y&h ké&h
1960 0.688 0.828 0.824

1965 (0.934 0.754 0.640[ 0.944 0.853 0.837 0.964 40.86.842
19700912 0.881 0.789] 0.955 0.831 0.826 0.966 40.90.904
1975(0.921 0.820 0.763] 0.952 0.850 0.857 0.972 80.89.898
1980 |0.921 0.943 0.903] 0.944 0.893 0.881 0.973 90.9P.922
1985 (0.952 0.947 0.960] 0.940 0.882 0.8Y5 0.974 70.99.938
1990 (0.956 0.776 0.829] 0.951 0.895 0.888 0.975 70.98.930
1995 | 0.960 0.851 0.837 0.860 0.923

2000 | 0.956 0.820 0.881 0.857 0.920

Notes. y = output share; k = physical capital share; luman capital share;

" n =14 in each year; coefficients whose absoluteevakceeds 0.626 are significantly different from
zero at the 1% level

™ n =30 in each year; coefficients whose absoluteevakceeds 0.425 are significantly different from
zero at the 1% level

™ n =55 in each year; coefficients whose absoluteevakceeds 0.314 are significantly different from
zero at the 1% level.
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TABLE 3

SUR Estimates of Output and Factor Share Equationsr US States

Equatio

Joint Hypothesisp-value

Year Intercept Slope Ad;. Intercent Across
(obs) . . (6;) (vi) R* PL Slopes Equation
(ion)) S _ -
_ =1 Restriction
=0 5
yonk -0.053(0.092) 0.989 (0.020) 0.974
(n129501) yonh -0.045(0.092) 1.000 (0.019) 0.946 0.9368 0.9539 0.9517
honk -0.010(0.102) 0.989 (0.022) 0.961
yonk -0.128 (0.076) 0.963 (0.016) 0.985
(n220501) yonh 0052(0.089) 1.025(0.019) 0.9570.2868 0.0344 0.9065
honk -0.178 (0.101) 0.939 (0.021)" 0.956
yonk -0.097 (0.062) 0.975 (0.013) 0.979
1990 &
2000 yonh 0.003(0.064) 1.012(0.014) 0.952.4259 0.1095 0.9842
(n=102)
honk -0.101(0.073) 0.963 (0.016) 0.957

Notes: y = output share; k = physical capital share; luman capital share; standard error in parentheses;
*reject hypothesis that coefficient is unity at 5% leVereject hypothesis that coefficient is unity at 1%

level.

8 Test of across equation restriction eB4(= exp@)/exp@n).
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TABLE 4

SUR Estimates of Output and Factor Share Equationsor EU Countries

Joint Hypothesisp-value

Year Equati_on Intercept Slope Ad;. ACTOSS
(obs) (ionj) (8) (¥i) R Inteicepts Slines Equation
=0 =1 Restriction®
yonk -0.279(0.200) 0.899 (0.057) 0.941
(r}iii) yonh -0.670(0.464) 0.688 (0.110)0.421 0.3411 0.0231 0.6813
honk 0.177(0.681) 1.188(0.189) 0.454
yonk -0.218(0.185) 0.915(0.053) 0.949
(r}iﬁ) yonh -0.395(0.363) 0.814(0.093) 0.6470.5701 0.1533 0.8552
honk 0.126 (0.444) 1.096 (0.123) 0.689
yonk -0.277(0.173) 0.879 (0.048) 0.945
(r}iﬁ) yonh -0.257 (0.382) 0.872(0.102) 0.6360.4113 0.0841 0.7998
honk -0.082(0.353) 0.990 (0.097) 0.754
yonk -0.288(0.277) 0.921 (0.082) 0.885
(r}iﬁ) yonh -0.130(0.181) 0.940 (0.047) 0.8750.7161 0.5346 0.8071
honk -0.177(0.317) 0.977 (0.093) 0.831
yonk -0.206(0.212) 0.942 (0.063) 0.926
(r}igli) yonh -0.044(0.187) 0.962(0.049) 0.8820.8111 0.7684 0.8596
honk -0.174(0.238) 0.978 (0.070) 0.896
yonk -0.324(0.186) 0.891 (0.053) 0.929
(r}iﬁ) yonh 0.083(0.280) 1.048(0.081) 0.8020.1102 0.0242 0.9146
honk -0.396(0.197) 0.848 (0.056)0.896
yonk -0.358(0.213) 0.871(0.061) 0.919
(ﬁifi) yonh 0.073(0.320) 1.053(0.093) 0.7510.2601 0.0648 0.9946
honk -0.433(0.266) 0.820 (0.075)0.806
yonk -0.403(0.173)0.848 (0.050) 0.942
(ﬁggg) yonh -0.012 (0.326) 1.014(0.097) 0.7320.0851 0.0087 0.8936
honk -0.414(0.267) 0.828 (0.075)0.794
1965.00 yonk -0.312(0.076) 0.890 (0.022)" 0.932
(n=112) YOn h -0.303(0.126) 0.876 (0.034)" 0.683 0.0003 0.0000 0.3901
honk -0.084(0.140) 0.993(0.040) 0.720
108000 yonk -0.323(0.100) 0.892 (0.029) 0.922
(n=70) YoOn h -0.027(0.117) 0.996 (0.033) 0.8180.0102 0.0020 0.7436
honk -0.313(0.123)0.891 (0.035)" 0.837
1990.00 Yo" k -0.364 (0.112) 0.869 (0.032)" 0.932
(n=42) Yonh 0.048(0.178) 1.038(0.052) 0.7750.0019 0.0000 0.9707
honk -0.415(0.142) 0.832 (0.040) 0.841

Notes: y = output share; k = physical capital share; h =écapital share; standard error in parentheses;
reject hypothesis that coefficient is zero at 5%le¥ reject hypothesis that coefficient is zeral&

level;

* reject hypothesis that coefficient is unity at 5%ele™" reject hypothesis that coefficient is unity at 1%

level.

8 Test of across equation restriction eB(= exp@)/exp@n).
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TABLE 5

SUR Estimates of Output and Factor Share Equationsr Developing Countries

Joint Hypothesisp-value

Year Equation Intercept Slope Ad].
(obs)  (ionj) (65) (¥i) R? Inte_rcgpts SIinies E':Er;isosn
B - Restriction®
logs YOk 1634 (0.305) 0.620 (0.060) 0.778
(n = 30) yonh -1.242(0.252) 0.707 (0.045) 0.709 0.0000 0.0000 0.1523
honk -0.680(0.503) 0.849 (0.097) 0.575
1970 yonk -1.459 (0.308) 0.670 (0.061)" 0.800
(n = 30) yonh -1.625(0.326) 0.609 (0.057) 0.551 0.0000 0.0000 0.3519
honk -0.181(0.690) 1.003(0.135) 0.419
lo7s YoMk 1287 (0.285) 0.696 (0.058) 0.825
(0= 30) yonh -1.022(0.271) 0.729 (0.049) 0.700 (0.0000 0.0000 0.2845
honk -0.499 (0.487) 0.926 (0.097) 0.602
1980 yonk -1.155(0.270) 0.715 (0.055) 0.846
(n = 30) yonh -0.929(0.226) 0.678 (0.037) 0.778 (.0000 0.0000 0.3019
honk -0.419(0.486) 1.036(0.097) 0.671
1085 yonk -1.179 (0.250) 0.707 (0.050) 0.865
(n = 30) yonh -0.669 (0.246) 0.751 (0.043) 0.771 0.0000 0.0000 0.1510
honk -0.754(0.418) 0.925(0.082) 0.690
1990 yonk -1.217(0.248) 0.696 (0.049) 0.863
(n = 30) yonh -0.557 (0.212) 0.792 (0.037) 0.818 (.0000 0.0000 0.0815
honk -0.867(0.356) 0.872(0.069) 0.764
yonk -1.337(0.115) 0.681 (0.023)" 0.832
1965-90
(n = 180) yonh -1.065 (0.111) 0.700 (0.019) 0.705 0.0000 0.0000 0.0045

honk -0.536(0.207) 0.941(0.041) 0.606

Notes: y = output share; k = physical capital share; h =#meapital share; standard error in parentheses;
reject hypothesis that coefficient is zero at 5% llettereject hypothesis that coefficient is zerol&o

level;

" reject hypothesis that coefficient is unity at 5%eleV'reject hypothesis that coefficient is unity at 1%

level.

8 Test of across equation restriction eB(= exp@)/exp@n).
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Table 6 - SUR Estimates of Output and Factor Share duations for the World

Joint Hypothesisp-value

Year Equation Intercept Slope Ad,j.

J
obs ionj o ; Rr? Intercept Across
(obs)  (ionj) (6y) (i) s Slopes Equation
=0 ~ ~  Restriction®

yonk -1.171(0.225) 0.764 (0.037) 0.885

(n126555) yonh -0.768(0.220) 0.798 (0.032j" 0.793 0.0000 0.0000 0.2113
honk  -0.582(0.360) 0.944 (0.058) 0.724
yonk -0.951(0.213) 0.803 (0.035) 0.904

(n127505) yonh -0.842(0.210) 0.806 (0.031) 0.808 0.0000 0.0000 0.5095
honk  -0.200 (0.346)  0.986 (0.055) 0.754
yonk -0.905(0.192) 0.802 (0.032) 0.918

(n127555) yonh -0.607 (0.211) 0.861 (0.033) 0.815 0.0000 0.0000 0.4184
honk  -0.397 (0.299)  0.923(0.048) 0.780
yonk -0.879(0.184) 0.811 (0.03T) 0.925

(n128505) yonh -0.652(0.187) 0.818 (0.027) 0.852 0.0000 0.0000 0.4041
honk  -0.314(0.294)  0.985 (0.048) 0.809
yonk -0.909 (0.175) 0.805 (0.029) 0.931

(n128555) yonh  -0.444 (0.181) 0.887 (0.028) 0.863 0.0000 0.0000 0.3366
honk -0.552(0.257) 0.903 (0.042) 0.826
yonk -0.966(0.176) 0.790 (0.029)* 0.927

(n129505) yonh -0.471(0.168) 0.916 (0.027§" 0.873 0.0000 0.0000 0.3929
honk -0.559(0.231) 0.859 (0.037)* 0.852
yonk -0.965(0.080) 0.796 (0.013)" 0.915

(}195%'3?(% yonh -0.665(0.083) 0.840 (0.013j" 0.792 0.0000 0.0000 0.0279

honk -0.406 (0.125) 0.938 (0.020* 0.742

Notes: y = output share; k = physical capital share; h =ducapital share; standard error in parentheses;
** reject hypothesis that coefficient is zero at 58%dl;** reject hypothesis that coefficient is zetd &o

level;

" reject hypothesis that coefficient is unity at 5%eleV’ reject hypothesis that coefficient is unity at 1%
level.

$Test of across equation restriction esy(= exp@i)/exp@p).
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