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1. IntrodutionInterest in the international integration of eonomies and the wide pereption that we are enteringan advaned phase of globalization have stirred up important debates among aademis andinstitutions, of whih we �nd three worth mentioning. The �rst disusses the at whih theintegration proess is advaning, its regularity from a histori point of view and its onsequenesfor growth and inome onvergene among ountries (Baldwin and Martin, 1999; Crafts, 2000;Milanovi, 2006; O'Rourke and Williamson, 2002; Williamson, 1996). The seond fouses on thesingular harateristis of the most reent wave of globalization, the impliations of its presenttehnologial basis and its e�ets on winners and losers in the new ompetitive setting (Bhagwati,2004b,a; Stiglitz, 2002, 2006; Wolf, 2005). The third debate is prospetive and is more evidentamong institutions; it disusses the key fators (demographi, �nanial, ommerial, tehnologialand politial) that determine in whih settings the world eonomy will be situated if the trends ofreent deades persist for another generation, and the obstales that might threaten the ontinuityof this proess (World Bank, 2007; OECD, 2007; Goldman Sahs, 2004).The renewed interest in the advane of integration1 and the singularities of the most reentwave of globalization are not, as yet, re�eted in substantial improvements to the quantitativeindiators referring to these proesses. On the one hand, when evaluating the advane of glob-alization, integration indiators in the strit sense and the variables that represent the auses,onsequenes and obstales to it, are not su�iently distinguished (Frankel, 2000; Frankel andRose, 2000; Rauh and Casella, 2003; Salvatore, 2004; Stiglitz, 2002). On the other hand, themost ommonly used quantitative referene to measure integration ontinues to be the external,ommerial or �nanial degree of openness, an unsatisfatory variable in two important aspets:generally, it does not orret the bias derived from ountry size, and neither does it reveal one ofthe most important harateristis of integration today, namely, the development of muh densernetworks among ountries or, as termed by Kali et al. (2007), the struture of trade, whih refersto the number of trade partners and the onentration of trade among trading partners.A reent study (Arribas et al., 2007) proposes axiomati and globalization measures of inter-national eonomi integration (hereafter IEI) based on distinguishing and ombining the degreesof openness and of onnetion�both diret and indiret�of the underlying eonomies in theforeign trade networks. This approah allows us to de�ne a preise Standard of Perfet Inter-1Although we will use the terms �globalization� and �international eonomi integration� as synonymous wereognize that they are not exatly the same given the latter has a distint meaning whih is self-evident foreonomists, whereas the former is used in di�erent ways by di�erent analysts. Therefore, when referring toglobalization we will be referring solely to its eonomi aspets.1



national Integration (SPII) (Frankel, 2000) whih haraterizes the situation in whih eonomiestrade among themselves as though no barriers and transation osts existed. In a world in whihtehnology and the removal of obstales to ommere make osts of trading with external agentsirrelevant, the weight of a ountry in the demand of another is essentially determined by its size.The SPII provides for a situation in whih exhanges take plae as if the world operated as trueglobal village, and allows us to to measure the level of integration or globalization reahed withregard to it. It also enables us to estimate the extent to whih the two determining fators ofintegration ontribute to its evolution, these fators being openness of eonomies and the hangesin their ommerial networks with other ountries.Following this methodology, Arribas et al. (2007) estimate the degree of openness, of onne-tion and of integration for 59 eonomies that represent 96.7% of world output, during the period1967�2004. On the basis of these estimations it will be possible to ondut future analyses of thedeterminants of the di�erent levels of integration reahed and their onsequenes. Aording toalready available results, the advane of international integration in reent deades has been sub-stantial, evaluated between 75% and 100%, depending on the importane given to the inreaseof indiret relationships among eonomies, failitated by ICT and improvements in transport.However, the distane between the urrent situation and the SPII is still notable, as we are notyet halfway, due, above all, to the greater domesti bias of the largest eonomies, for whih thedegree of openness is limited. Nevertheless, one of the results observed in the ited study is thediversity of situations among ountries, both in the degree of integration reahed in their paths ofadvane. In both aspets the di�erenes among ountries are notieable in terms of their degreeof openness, but also in the harateristis of their networks (i.e., their trade strutures). Thus,there are not only more open or losed ountries, but also eonomies with more stable struturesof foreign trade or with a greater bias towards ertain trading partners, generally towards theregion of the world to whih they belong.The aim of this study, based on the IEI measures of Arribas et al. (2007), is to ondut anin-depth analysis of the dynamis of globalization in three diretions:1. To haraterize the evolution of the set of integration indiators and projet their tendenies,in order to identify the stylized fats of the senario we are heading towards.2. To study the speed of the globalization proess in the period analyzed and the time requiredto ahieve a substantial inrease in the level of IEI towards whih we are moving, underurrent trends. 2



3. To evaluate the aeleration in integration that appears to have been happening sine thenineties, as a result of tehnologial hanges and of the eonomi orientation of numerouseonomies during this period.These objetives are pursued using a variety of tehniques. First, we onsider the methods byArribas et al. (2007) to measure integration, whih ombine the traditional degree of opennesswith a new measure, inspired by network analysis, designed to ompute the degree of onnetionamong eonomies. This fous is not entirely new in international eonomis, and has reeivedonsiderable attention in reent studies (Combes et al., 2005; Greaney, 2003; Pandey and Whalley,2004; Kali and Reyes, 2007; Rauh, 1999, 2001; Rauh and Trindade, 2002; Rauh and Casella,2003).In a seond stage, in order to assess how integration indiators evolve over time, and toharaterize their dynamis, we onsider a variety of tehniques whih have been widely employedin the �eld of empirial growth and onvergene (see Durlauf and Quah, 1999), and in the �eldof inequality measurement (Shorroks, 1978).These tehniques enable us to examine a variety of issues related to globalization dynamis.For instane, they provide answers to the question of how the external shape of the degree ofopenness distribution (for instane) evolves over time, and what type of distribution will emerge inthe long run. Clearly, one may infer that multiple senarios might arise; a few of these possibilitiesmay be a future world in whih most eonomies are very open, or very losed, or a polarized worldin whih many eonomies are very open, but many others are quite losed.Additionally, we an also weigh in the question of whether substantial intra-distribution mo-bility exists, i.e., in the ase of the degree of openness, whether open eonomies typially stayopen, and whether losed eonomies typially stay losed. Assuming that an eonomy lies in thelower tail of the distribution of, say, degrees of openness, what would be the probability over agiven period of time (1 year, 5 years, 10 years, et.) that this eonomy will remain in the sameplae? What is the probability that it will move to the upper tail of the distribution? Thatquestion may likewise be posed with regard to the other sets of indiators, so as to ahieve anenhaned view of how globalization evolves throughout time.This model, although very intensely used by the empirial growth and onvergene literature,has not been onsidered so far to measure the prospets of globalization, despite its potential forproviding answers to some relevant questions suh as �how muh more integration ould therebe?�, or whether international eonomi integration remains limited, or perhaps some rationale3



that prevents us from more than �speulating wildly� on the perspetives of international eo-nomi integration. The spei�s of the dynamis of globalization have reeived little systematiattention, and the methodologies applied here try to �ll the gap.After this introdution, the remainder of the study is strutured as follows. Setion 2 summa-rizes the methodology used to determine the integration indiators employed, and their de�nitionsand properties, following Arribas et al. (2007). Setion 3 presents the riteria and the formal toolsused to study the distribution dynamis of the globalization indiators, based on Quah (1993,1996b,d) and Redding (2002). Setion 4 desribes the database used and setion 5, the results.Setion 6 onludes.2. Methodology2.1. Integration indiators: de�nitions and propertiesArribas et al. (2007) introdue measures for international eonomi integration and globalizationstarting from a set of basi axioms and the de�nition of a set of indiators oneived to ahieve twoobjetives: to unover the role of the network and to de�ne a Standard of Perfet InternationalIntegration. These axioms are as follows:1. Unovering the role of the network implies aepting that the advane of internationaleonomi integration operates through both higher openness and higher onnetedness toother eonomies, following both diret and indiret paths.2. Any attempt to haraterize a senario in whih eonomies are entirely integrated/globalized(Standard of Perfet International Integration) is to desribe the onditions under whihthe world eonomy would operate as a global village.Therefore, this approah would enable us to assess the distane that separates the urrentlevel of international eonomi integration from the senario of omplete globalization.The omponents of the eonomi network follow. Let N be the set of nodes or eonomies and
g the number of elements in N . We denote by Xij the �ow from eonomy i to eonomy j and by
Yj the size (GDP) of eonomy j. The �ow from eonomy i to eonomy j, Xij , an be measuredboth through the imports and through the exports of goods and servies, and in general it anbe evaluated through any other �ow measured in the same units as Yi.In order to ontrol for home bias, we de�ne Ŷi as the exports' share of GDP taking intoaount the weight in the world eonomy of the eonomy onsidered Ŷi = Yi − aiYi, where ai is4



the eonomy i's relative weight w.r.t. to the world eonomy, ai = Yi/
∑

j∈N Yj. We also assumethat Xii = 0 for all eonomies i ∈ N .To determine the degree of integration, we proeed in three stages, where di�erent indiatorswill be de�ned.Stage 1: Degree of opennessIn the �rst stage we haraterize the degree of openness. We start with the usual de�nitionfound in the literature but orreted for home bias so as to take into aount the di�erent sizesof the eonomies under analysis.If Xij is the trade from eonomy i to eonomy j, then
DO(X)ij =

Xij

Ŷi

(1)is the relative �ow or degree of openness between eonomies i and j whih, for the sake ofsimpliity, will be denoted as DOij. Given that Xii = 0, it follows that DOii = 0.De�nition 1 Given an eonomy i ∈ N we de�ne its degree of openness, DOi, as
DOi =

∑

j∈N

DOij =

∑
j∈N Xij

Ŷi

. (2)The degree of openness yields results (in general) within the (0, 1) interval, where a value of
0 indiates that the eonomy is losed (ompared to the measure of �ow hosen) and a value of
1 indiates a lak of home bias in the eonomy (total openness).Stage 2: Degree of total onnetionIn the eonomi network, the relative �ow from eonomy i to eonomy j, in terms of the total�ow of eonomy i is given by

αij =
Xij∑

j∈N Xij

(3)where A = (αij) is the matrix of relative �ows.Furthermore, a world eonomy is perfetly onneted if the above value is equal to the relativeweight of eonomy j in a world where eonomy i is exluded,
βij =

Yj∑
k∈N\i YkNote that βij is the degree of openness between eonomies i and j in a perfetly onnetedworld, where βii = 0; B = (βij) is the degree of openness matrix.5



Let γ ∈ (0, 1) be the share of trade (on average) between two ountries whih remains in theimporting ountry for internal onsumption, whereas 1 − γ is the share of trade between thesetwo ountries whih is re-exported from the importing ountry to a third ountry, possibly aftersome re-elaboration. Alternatively, we an interpret the inverse of γ as the number of trades (onaverage) for eah ommodity, from the �rst exporting ountry up to the last importing ountry.The total volume of exports from a given eonomy i to another eonomy j is the sum of thediret and indiret �ows between the two eonomies, and an be estimated as2
A∞ = (α∞

ij ) =

∞∑

n=1

γ(1 − γ)n−1An, (4)
B∞ = (β∞

ij ) =

∞∑

n=1

γ(1 − γ)n−1Bn. (5)De�nition 2 Given an eonomy i ∈ N we de�ne the degree of total onnetion of i as
DTCi =

∑
j∈N α∞

ij β∞
ij√

∑
j∈N

(
α∞

ij

)2
√

∑
j∈N

(
β∞

ij

)2
.The degree of total onnetion is within the (0, 1) interval, and it measures the distanebetween an eonomy's urrent �ows (either exports or imports) and those it would have in aperfetly onneted world. It should approah 1 if the �ows of the eonomy are proportionalto the size of the reeiving eonomies, and be lose to zero if the largest eonomies reeive noommodities and the smallest reeive all of them.However, DTC hinges on the γ parameter, whih measures how indiret �ows a�et onne-tions among eonomies. Thus, the degree of total onnetion for any eonomy i is a dereasingfuntion of γ so that the larger the weight of the indiret �ows, the larger the DTC will be.Stage 3: Degree of integrationDe�nition 3 Given an eonomy i ∈ N we de�ne the degree of integration of i as

DIi =
√

DOi·DTCi2It an be proved that one way to ompute A∞ and B∞ is by using the expressions
A

∞ =
γ

1 − γ

(
[I − (1 − γ)A]−1

− I
)
,

B
∞ =

γ

1 − γ

(
[I − (1 − γ)B]−1

− I
)
.where I is the identity matrix of order g (see Arribas et al., 2007).6



The degree of integration of an eonomy is the geometri average of both its degrees ofopenness and total onnetion; thus DI hinges on both the openness of the eonomy and thebalane in its diret and indiret �ows. Therefore, we are taking into aount not only how openan eonomy is, but also its trade struture, namely, how many partners it has, the onentrationof trade among partners, how large its partners are, and whether they might re-export to otherountries. This means that our measures take into aount both traditional measures of openness(export and import volume or shares) and also other measures that ould be re�eting tradestrategies, inluding those emerging after the establishment of di�erent trade agreements (seeKali et al., 2007).3. DynamisWe use a set of instruments to measure globalization dynamis essentially drawn from the liter-ature on empirial growth and onvergene and the literature on eonomi inequality (see Quah,1993, 1996b,d; Shorroks, 1978; Kremer et al., 2001).In our partiular setting, we an refer to si,t as ountry i's indiator (either DO, DTC or
DI) in period t, whereas Ft(s) refers to the umulative distribution of si,t aross ountries, andorresponding to Ft(s) we an de�ne a probability measure λt s.t.:

λt((−∞, s]) = Ft(s), ∀s ∈ R. (6)In this ontext, λt is the probability density funtion for eah indiator aross ountries inperiod t, and the model analyzes the dynamis of λt, i.e., the dynamis of the ross-setiondistribution of either DO, DTC or DI, for whih we onsider a stohasti di�erene equation:
λt = P ∗(λt−1, ut), integer t, (7)where {ut : integer t} is the sequene of disturbanes of the entire distribution, and P ∗ is theoperator mapping disturbanes and probability measures into probability measures. In otherwords, the P ∗ operator would reveal information on how the distribution of, for instane, thedegrees of openness (DO) at time t − 1 (DOt−1) transforms into a di�erent distribution at time

t (DOt).Following Redding (2002), we may assume that the stohasti di�erene equation is �rst orderand that operator P ∗ is time invariant. Thus, setting null values to disturbanes and iterating in7



(7) we obtain the future evolution of the distribution:
λt+τ = (P ∗ · P ∗ · . . . · P ∗)λt = (P ∗)τλt (8)If we divide, or disretize, the set of possible values of s into a �nite number of ells k ∈

{1, . . . ,K}, then P ∗ beomes a transition probability matrix
λt+1 = P ∗ · λt (9)where λt is now a K × 1 vetor of probabilities that a given ountry indiator (DO, DTC, or

DI) is loated in a given grid at time t.In the ase studied here, disretization is meant to divide the spae of possible Ft values intoseveral disrete grid ells, or states, ek, k = 1, . . . ,K. Then, after lassifying eah ountry-yearobservation into one of the K states, we build up a 20× 20 matrix whose pkl entries indiate theprobability that a ountry initially in state k will transit to state l during the period or periodsonsidered (T ). Thus eah row of the matrix onstitutes a vetor of transition probabilities,whih add up to unity. We hoose the boundaries between grid ells suh that ountry-yearobservations are divided approximately equally between the ells, and eah ell orresponds toapproximately one twentieth of the distribution of either DO, DTC, or DI aross ountriesand time. Therefore, in the ase of DO, observations in the �rst state refer to the more losedountries. This riterion has been followed, amongst many others, by Redding (2002), or Lamo(2000), and onstitutes a reasonable hoie in the absene of other theoretial justi�ations.Others have followed di�erent riteria suh as hoosing the grid arbitrarily yet (aording to theiradvoates) reasonably (Kremer et al., 2001; Quah, 1993). An alternative strategy to avoid thedisretization problem is to onsider stohasti kernels (Quah, 1996), whih may be thoughtof onditional density estimation (Bashtannyk and Hyndman, 2001); however, there are somedi�ulties in estimating the ergodi, or stationary distribution. We deal with this issue furtheron in the paper.Therefore, through these transition probability matries we an measure the probability thata ountry with a ertain degree of openness, degree of total onnetion, or degree of integration,may move to a higher (or lower) position. To alulate the transition probability matries westart by disretizing or dividing the set of observations of the variable into a ertain numberof states ek. For example, state ek = (0.2, 0.4) would inlude those ountries with degrees ofopenness between 0.2 and 0.4. The value of eah entry in the matrix indiates the probability8



that a given ountry will transit out during the period or periods onsidered from its initial stateto other states.Transitions are estimated by ounting the number of transitions out of and into eah ell, i.e.,for eah pkl ell:
pkl =

1

T − 1

T−1∑

t=1

nt
kl

nt
k

(10)where T is the number of years or periods, nt
kl is the number of ountries moving during oneperiod from lass k to lass l, and nt

k is the total number of ountries that started the period inlass l.Some authors have laimed that the arbitrary disretization of the state spae into a givennumber of states may a�et the results. For instane, Quah (1997) and Bulli (2001) indiate thatthe proess of disretizing the state spae of a ontinuous variable is neessarily arbitrary andan alter the probabilisti properties of the data. Some other authors (Reihlin, 1999) also arguethat the apparent long-run impliations of the dynami behavior of the distribution in questionare also sensitive to disretization.However, most of these laims are based on results for 5 × 5 matries. We partly irumventthem by onsidering a muh larger number of states (20) than the standard pratie. Othermethods proposed by the literature to avoid these ritiisms (see Johnson, 2005) onsider kernelsmoothing methods. However, these methods also ultimately disretize, sine the funtions inwhih they are based have to be evaluated over a given set of points. If the set of points is largeenough, we may end up with the visual impression that there is no disretization. Obviously,hoosing an arbitrarily large number of states for the disrete Markov hain methods would yieldanalogous results.3.1. Weighted transition probability matriesTransitions are estimated by ounting the number of ountries moving from one state to another.However, due to the large disparities between ountries observed both aross their populations andtheir eonomi sizes (GDP), it may be equally relevant to estimate weighted transition probabilitymatries. The underlying idea is that the impat on world globalization will be greater if a largerountry transits out than if a small ountry does so. Therefore, we ount ountries' transitions,but in this ase eah ountry is represented by its entire share of world population (in the aseof population-weighted transition probability matries), or its share of world GDP (in the aseof GDP-weighted matries). This issue is often ignored, although exeptions do exist suh as9



Kremer et al. (2001) or Quah (2003).3.2. Ergodi distributionsOperating with the information o�ered by the transition probability matrix, we an haraterizethe hypothetial long term, by means of ergodi, or stationary distribution. Several results orsenarios may arise: from a distribution with the probability mass onentrated mainly in theentral lass or lasses (indiative of onvergene �towards the mean�, if these entral states ontainthat moment of the distribution) to a more polarized distribution, or one with the probability massdistributed in the extreme lasses (tails) of the distribution. Therefore, ergodi, or stationary,distribution helps us to unover the degree to whih the set of ountries in our sample presentsa tendeny to onvergene, to polarization, or to other likely senarios, for any of the indiatorsonsidered (DO, DTC, or DI). Therefore, it provides information on the evolution of the externalshapes of the distribution of the variables at hand.3.3. Transition path analysis and mobility indiesFollowing Kremer et al. (2001) we an also assess the speed of onvergene to the steady state,or ergodi distribution, by means of the asymptoti half-life of onvergene, H −L, whih revealshow long it takes (years) for the norm of the di�erene between the urrent (2004) distributionand the ergodi distribution to derease by half. Its formula is as follows:
H − L = − log 2log |λ2|

(11)where |λ2| is the seond largest eigenvalue (after 1) of the transition probability matrix.Finally, we also onsider a mobility index from the literature on eonomi inequality (Shorroks,1978; Geweke et al., 1986), whih an be applied straightforwardly to our setting. As suggestedby Quah (1996a), akin to measures of inome inequality designed to ollapse the informationontained in an entire distribution into a single salar, a mobility index summarizes the mobilityinformation in a transition probability matrix into one number. We onsider the proposals byShorroks (1978) and Geweke et al. (1986), summarized by Quah (1996a) and also employed byRedding (2002). This index satis�es ertain properties; in partiular, by de�ning the mobilityindex as a ontinuous real funtion µ(·) over the set of transition matries P, the index satis�esthe properties of normalization, monotoniity, immobility, and perfet mobility (see Shorroks,1978). The index (µ1) evaluates the trae of the transition probability matrix and, aording to10



Shorroks (1978), it disloses information on the relative magnitude of diagonal and o�-diagonalterms, and it is idential to the inverse of the harmoni mean of expeted durations of remainingin a ertain state (Redding, 2002).Following Quah (1996a), its partiular expression is:
µ1(P

∗) =
K − tr(P ∗)

K − 1
=

( K

K − 1

){
K−1

∑

j

(1 − P ∗
jj)

}
=

K −
∑

j λj

K − 1
(12)where K is the number of states, P ∗

jj denotes the j-diagonal entry of matrix P ∗ representing theprobability of remaining in state j, and λj are the eigenvalues of P ∗.3 The µ1 index suggestsmobility, sine larger values indiate less persistene, or more mobility, in P ∗.3.4. Statistial signi�aneWe also examine the statistial signi�ane of the di�erenes between the transition probabilitymatries to be estimated. In partiular, we examine the di�erenes between unweighted andweighted transition probability matries, and also between indies obtained for γ = 1 and for
γ = 0.5. In eah ase, the null hypothesis is that the ompared matries are equal.The statisti we use to evaluate the null hypothesis is distributed as:

M1 =

K∑

i=1

K∑

j=1

πipij log2

pij

tij
∼ χ2

K(K−1) (13)where pij and tij orrespond to the ij ells of the matries being ompared, πi is the ergodidistribution of the matrix being evaluated, and log2 is the base 2 logarithm.3.5. The external shape of the distributionsAlthough basi results inlude omputation of transition probability matries and ergodi distri-butions, we also onsider it relevant to provide information on both the initial and �nal distribu-tions for eah of the indiators in Setion 2, in order to gain further insights on how distributionshave evolved. Therefore, for all indiators we provide four sets of additional results, namely,transition probability matries, ergodi distributions, initial distributions, and �nal distributions.However, in their present form, all three sets of distributions share a ommon disadvantage,namely, they are disrete and probability is spread out aross one set of states only. Although3Quah (1996a) suggests some additional indies whih might not always yield non-oinidental results, and arenot diretly related to eah other; however, under some spei� irumstanes they an be idential (see Quah,1996a). 11



we have provided reasons why suh a disadvantage may not be as restritive as some authorssuggest, we try to be as informative as possible by also providing the ontinuous ounterpartto this disrete estimation, namely, the nonparametri estimation of density funtions via kernelsmoothing.To do this, we onsider a kernel estimator for eah indiator:
f̂(x) =

1

Nh

N∑

i=1

K
(‖x − Xi‖x

h

) (14)where x is the point of evaluation, X is the indiator of interest, N is the number of observations(ountries), h is the bandwidth, ‖ ·‖x is a distane metri on the spae of X, and K(x) is a kernelfuntion (see Härdle and Linton, 1994) whih are generally required to hold that:
∫

R

K(x)dx = 1,

∫

R

xK(x)dx = 0, σ2
K =

∫

R

x2K(x)dx < ∞ (15)There are several hoies for K(x), whih may be de�ned in terms of univariate and unimodalprobability density funtions. For simpliity, we onsider a Gaussian kernel:
K(x) = (1/

√
2π)e−

1

2
x2 (16)Weighting densities (in order to provide ontinuous ounterparts to the weighted initial and�nal distributions) requires slight modi�ations. Few studies have onsidered this, despite itspotential relevane in some spei� ontexts. Following Goerlih (2003), expression (14) is slightlymodi�ed to beome:

f̂ω(x) =
1

h

N∑

i=1

ωiK
(‖x − Xi‖x

h

) (17)where ωi is the share of either world output or world population (depending on the type ofweighting we onsider) orresponding to ountry i.Estimating the ontinuous version of the ergodi distributions or, in other words, the on-tinuous state spae approah, presents some extra di�ulties. In this ase, there is pratiallyno related literature. Some studies provide estimations for ergodi densities (see Johnson, 2000,2005). However, no studies provide, simultaneously, results on ergodi distributions yielded bytransition probability matries and ergodi densities. In order to obtain a fully ompatible viewbetween the transition probability matries results and their ontinuous ounterpart, we generatedergodi densities onsidering the information in the (disretized) ergodi distributions (1 × 20).12



Spei�ally, we generated normal distributions for eah of the twenty states over whih prob-ability is spread out, with a number of observations proportional to eah state's share of ergodiprobability. This generates a pseudo-histogram in whih we do not have bars, but normal dis-tributions. Then we proeed in exatly the same way as when smoothing both initial and �naldistributions, i.e., by onsidering kernel methods to smooth the observations in eah of thesetwenty states.This algorithm yields ergodi densities whih are fully onsistent with the ergodi distribu-tions omputed from transition probability matries. This ontinuous state approah turns outto naturally omplement the view provided by disrete ergodi distributions, whih tend to sum-marize too muh information in too few states. Although the information provided by ergodidensities is essentially the same, it is far easier to analyze.4. Data and sampleData were drawn from the CHELEM database4 and orrespond to 59 ountries that together aountfor 96.7% of world output and 86.5% of international trade. The variables seleted to measure�ows between ountries are volume of exports.5 The analysis is restrited to trade on goods only,as it was not possible to split data on servie exports between the di�erent exporting ountries.We perform our omputations for the 1967�2004 period, for whih we had omplete informa-tion for the 59 ountries seleted. This period orresponds to what some authors have oined asthe seond wave of globalization (see O'Rourke and Williamson, 1999, 2002; Maddison, 2001).All omputations were performed for a 20×20 grid, whih enables a more detailed assessmentof how distributions evolve. However, in order to ease interpretation and understanding, resultsare displayed with 20× 20 matries onverted into 5× 5 matries, summming over eah group offour states in the 20 × 20 matrix. The limits of grids vary, depending on the indiator.5. ResultsFigures 1, 2 and 3 ontain information on summary statistis for the three indiators of interest.Figure 1 shows that the average value for DO from 1967 to 2004 inreases substantially, espeially4Information on the CHELEM (Comptes Harmonisés sur les Ehanges et l'Eonomie Mondi-ale, or Harmonised Aounts on Trade and The World Eonomy) database is available at URLhttp://www.epii.fr/anglaisgraph/bdd/helem.htm.5The omputations for indiators based on imports do not alter the general results, although they may di�erfor some spei� ountries. These results are not reported due to spae limitations, but are available from theauthors upon request. 13



up to the �rst oil risis in the seventies, and also from the early nineties onwards. By the endof the analyzed period the degree of openness approahed, on average, 25% of the maximumattainable level, a relatively low value taking into aount the fat that we have ontrolled for thehome ountry bias explained by eah eonomy's size. The oe�ient of variation (�gure 1, lowerpanel), whih also onsiders the growing average e�et, shows a slight tendeny to onverge in
DO, with the remarkable exeption of the �rst oil risis.The upper panel in �gure 2 shows that the struture of trade, as measured by the degree ofonnetion among eonomies, reahes values lose to 0.60, and as suh, higher than their degreeof openness. We an also notie that indiret onnetions ontribute to inreasing the degreeof onnetion among eonomies; note, for instane, that a single indiret onnetion (γ = 0.5),meaning that a produt is traded twie, raises the degree of total onnetion to over 0.75 (DTC >

0.75). On the other hand, di�erenes among ountries, as measured by standard deviation andthe oe�ient of variation, are lessened if ompared to DO, and they are further redued if weonsider indiret onnetions. However, this indiator shows no tendeny to onvergene amongountries over time.Finally, desriptive statistis regarding the level of international eonomi integration, asmeasured by the degree of integration (DI) are shown in �gure 3. The DI index merges the e�etsof both DO and DTC, showing a steadily inreasing path for the analyzed period, over whihits value inreased by more than 50%. Eonomi integration has reahed levels over 40% higherthan what ould be attainable in a perfetly eonomi integrated world with no trade barriersand transation osts; should we onsider indiret onnetions, the perentage would approah50%. This growing tendeny ontributes to reduing onvergene among ountries regarding DI,i.e., although the average tendeny is of inreasing degrees of integration, disparities are deliningwhen measured by standard deviation, yet they inrease slightly when measured by the oe�ientof variation.Building on the analysis of these two moments in the distributions (mean and standard devia-tion), we employed the tehniques desribed in Setion 3 to explore more thoroughly the dynamisfor the three indies, and also foreasted their evolution. Thus, we an dislose not only the er-godi distributions (i.e., distributions orresponding to the steady state) towards whih the worldeonomy will head under urrent trends, but also how long it will take to reah this steady state.The disrete Markov hain methods introdued in Setion 3 provide a more thorough viewon dynamis, by fousing on how di�erent parts of the distribution evolve over time. Results ontransition probability matries are shown in tables 1 through 5. Eah one ontains information14



on both unweighted and weighted transitions (GDP-weighted and population-weighted), whihare presented in three vertially-arrayed panels. In addition, information is displayed sequentiallyfor all indies onsidered, i.e., degree of openness (table 1), degree of total onnetion (tables 2and 3, for γ = 1 and γ = 0.5, respetively), and degree of integration (tables 4 and 5, for γ = 1and γ = 0.5, respetively).Eah panel o�ers information whih goes beyond that ontained in the transitions of every
5 × 5 matrix. The �rst row in eah panel provides information on the upper limits of eah lass.Therefore, table 1.a would suggest that the 20% of ountry-year pairs with the lowest degreesof openness have DO < 0.089, i.e., they export less than 9% of their GDP (orreted for homebias). On the other hand, the 20% of ountry-year pairs with the highest degrees of opennessexport more than 31.1% of their home bias-orreted GDP (DO > 0.311). The left olumn ofeah 5× 5 matrix ontains the perentage of observations that started the period in a partiularlass. Therefore, in table 1.a, 21% of observations started the period with DO < 0.089, andthen remained in, or transited out to other (upper) states; whereas, on the opposite side, 18%of observations started with DO > 0.311 and remained in, or transited out to other (lower)states. The upper-left ell of the matrix in table 1.a indiates that 73% remained in the lowerlass of DO whereas the remaining 20% transited to state 2 (ontaining observations with DObetween 0.089 and 0.151, or 8.9% and 15.1%), 4% to state 3, 2% to state 4 and 1% to state 5.On the other hand, the lower-right ell suggests that only 9% of observations transited to state 4,whereas 89% of observations remained in the highest-degree of openness lass. Interpretations areanalogous for every ell in the matrix. The elements on the main diagonal provide information onpersistene or mobility�if probability approahes 1 or 0, respetively. As we an see, transitionsto upper states overshadow those to lower states. For instane, entry a22 in the matrix revealsthat 57% of observations in state 2 (DO < 0.151) remained in that state of openness, 11% ofobservations transited to state 1, yet a bigger share transited out to upper states (25% to state3 and 6% to state 4, respetively). This would suggest that one ountries reah the highestopenness ategories, they tend to remain there, suggesting that openness is almost an absorbingstate. This result would be onsistent with a simple model in whih ountries seek poliies whihenhane their long-run openness (Kremer et al., 2001).Apart from the intra-distribution mobility information ontained in the transition matrix,eah table also ontains information on the shape of the distribution, along with its hypothetialstationary distribution. For the DO (unweighted) ase (table 1.a), the three lower rows (rightbelow the 5× 5 matrix) ontain data on the initial, �nal, and ergodi distributions, respetively.15



The initial distribution indiates that by 1967 most ountries (37%) had degrees of opennessbelow 0.089; a deeper srutiny reveals that the overwhelming majority of ountries had degrees ofopenness below 0.151 (68%). However, the shape of the �nal distribution o�ers quite a di�erentaspet, with probability mass onentrating overwhelmingly in the upper state�i.e., state �ve,with DO > 0.311 ontains 49% of the probability mass. This information omplements whatsummary statistis (mean and standard deviation) revealed, adding more preision, as we gaininsights on how the entire distribution has evolved over the sample period.However, this information is of disrete nature, i.e., the view we have on the distributions isreported in �ve states. In order to irumvent this disadvantage, �gure 4 presents the ontinuousounterpart to the initial distribution, �nal distribution and ergodi distributions in table 1. Itorroborates that dynamis are more omplex than what summary statistis revealed, sine by2004 the density learly shifts to higher levels of the DO index, and the aspet of the distributionreveals some intriaies: although state �ve ontains almost half the probability mass, its on-tiguous state (state 4) ontains only 12% of probability, whereas the middle state goes up again(22%). This �nding would indiate that, as suggested, dynamis are involved, and in the mostreent years most ountries are beoming muh more open, whereas a non-negligible group lagsbehind.The ergodi distribution (shown in the last row of eah table) o�ers a more radial viewsine, aording to the disrete information, probability mass onentrates inreasingly in theupper states, with state �ve ontaining the largest share of probability mass (72%), i.e., in thestationary state 72% of world eonomies will have degrees of openness of over 0.311. Therefore,under urrent trends, the distribution of probability mass will reverse, sine by 1967 almost 70%ollapsed at lower states, whereas the steady state suggests a similar amount of probability willonentrate in an upper state only (state 5).The lower panels in table 1 ontain information on weighted transitions. Table 1.b is theGDP-weighted ounterpart to table 1.a; therefore, it does not show transitions of ountries buttransitions of shares of world GDP. Aordingly, the �rst olumn in the table ontains informationon the share of world GDP starting in a partiular state. For instane, 40% of world GDPpertained to ountries that at some point in time had DO < 0.089 and �ve years later eitherremained or transited out to states of higher openness. On the other hand, those ountriesstarting in the state of highest openness (whih then either remained or transited out to otherstates) have only 5% of world GDP.66Although we refer to �world GDP�, we are onsidering the GDP orresponding to the 59 ountries in our16



In this GDP-weighted ase, in whih for the sake of omparison the limits of the states arethe same as for the unweighted ase, entries o� the main diagonal are lower, indiating higherpersistene�entries on the main diagonal average to 0.76, ompared to 0.67 for the unweightedase. This result is orroborated through table 6, whih provides results on mobility indiesshowing that, indeed, mobility is stronger in the unweighted ase. Di�erenes are even moremarked when omparing the distributions in the last rows of the table. For instane, the initialdistribution shows that 37% of ountries in state 1 (less openness) had 71% of world GDP; if weextend the seletion to state 2, the share of world GDP goes up to 85%. In other words, by 1967the rihest ountries were quite losed to trade, and only 15% (12%, 2% and 1% in states 3, 4 and5, respetively) exported more than 15.1% of their GDP. However, by 2004, the probability is, ifnot totally reversed, quite di�erent, sine even though a large share of world GDP is alloated inrelatively losed ountries (31% and 16% of probability mass are in states 1 and 2, respetively),a remarkable 27% of probability (world GDP) orresponds to state 5. Again, multi-modality isobserved by 2004, both in this table and in �gure 4.b, sine states 2 and 4 are those with loweramounts of probability mass.Akin to the unweighted ase, the ergodi distribution provides a smoother view in whih bi-modality has faded away almost entirely, less orrupted by possible outliers or tendenies whihmight have aelerated only reently, i.e., if the dynamis of the sample years ontinue. Thehange in the situation predited by the ergodi distribution is impressive: almost 81% of worldGDP would orrespond to the more open ountries (with a level of openness similar to Germanyin 2004), whereas only 1% (states 1 and 2) would orrespond to the more losed ones. The densityfuntion orroborates this �nding entirely (�gure 4.b), as probability mass onentrates primarilyabove 0.311, whih orresponds exatly to state 5.Table 1. is the population-weighted ounterpart to table 1.a. In this ase, the �rst olumnindiates the population orresponding to the ountries initially in eah of the �ve states, whihthen transit out to other states. Similarly to the GDP-weighted ase, the largest number of people(56%) inhabits the ountries with the lower degree of openness, whih after �ve years transit out toother states. This matrix shows higher mobility, as entries on the main diagonal average to 0.65,even lower than in the unweighted ase. However, more distintive features of the population-weighted dynamis are revealed by the last three rows in table 1.. The initial distribution showsthe probability mass almost entirely skewed to the left, sine 94% of the world population livesin ountries with the lowest degree of openness (states 1 and 2). As of 2004, the senario issample whih, in any ase, aount for the largest share of world GDP.17



quite di�erent, sine by then the population tends to live in the most open ountries, althoughto a more limited extent�state 5 omprises �only� 44% of the world population, ompared to78% in state 1 by 1967. Should these 38-year tendenies ontinue, the stationary distributionwould suggest the population will live predominantly mostly in more open ountries�i.e., 92%of probability lies in states 4 and 5.Results orresponding to degree of total onnetion (DTC) are displayed in table 2 andtable 3, for γ = 1 and γ = 0.5, respetively. Interpretations are analogous to those for DO.However, sine we onsidered the same riterion for setting the limits between states, these aredi�erent, due to the marked disrepanies between the values for DO and DTC�-regardless ofthe γ onsidered, i.e., whereas DO values are loser to zero, values for DTC are loser to unity,espeially for lower values of γ. Aordingly, the �rst olumn of the �rst panel in eah table,orresponding to unweighted transitions, ontains a similar number of observations as in the �rstolumn in table 1.a. Before proeeding it is worth noting the relevane of the limits betweenstates, whih are also di�erent for di�erent values of γ.In the ase of γ = 1 (table 2), results do not entirely mimi those obtained for DO. In thisase, mobility is stronger when weighting by population (entries in the main diagonal average to0.54, ompared to 0.59 in the GDP-weighted ase, and 0.56 in the unweighted ase), for whih we�nd an ergodi distribution with probability ollapsing at upper states (57% of the populationwould inhabit ountries in state 4 and state 5, see last row in table 2.). In the GDP-weightedase probability tends to distribute in a sort of bimodality, but these orrespond to lower valuesof DTC in the ase of γ = 1.All these dynamis refer to the unweighted ase (table 2.a), whih shows more moderateannual transitions ompared to table 1.a, as revealed by ergodi distributions showing probabilitymoderately onentrating at upper states (29% for both states 4 and 5, see table 2.a). However,we should bear in mind the fat that the upper limits are higher in the ase of DTC, either under
γ = 1 or γ = 0.5. Comparing both weighting shemes to the unweighted ase (i.e., tables 2.band 2. vs. table 2.a) provides us with some interesting �ndings, as both weighted ases showprobability initially skewed to the left�i.e., both rih ountries and heavily populated ountrieswere rather losed�, whereas for 2004 it is skewed to the right yet only for the population-weighted ase. Therefore, the struture of trade would seem to di�er substantially between rihand most-populated ountries, sine the latter show more balaned onnetions with the rest ofthe world.Results for di�erent values of γ hange, but the main tendenies hold for γ = 0.5 (see table 3).18



The most interesting result is that ergodi distributions show probability ollapsing more stronglyin the upper states for the unweighted ase and, espeially, in the population-weighted ase (tables3.a and 3.). However, for GDP-weighted transitions bimodality disappears and probability tendsto aumulate more strongly and inreasingly in the middle states (table 3.b). These �ndings areorroborated through �gure 5, whih represents ontinuous ounterparts (densities) to tables 2 and3. They orroborate the disrete analysis for both γ's onsidered, and for all weighting shemes.When all weighting shemes are ompared the �nding that the most-populated ountries exhibitthe most radial tendenies is espeially remarkable, as probability mass tends to onentratemore tightly over time and for γ = 0.5.Finally, tables 4 and 5, and �gure 6, report results on DI, for the two values of γ onsidered,whih merge results for DO and DTC. Again, interpretations should be made with are, sine thegrids di�er from those onsidered for DO and DTC, and also between di�erent values of γ, whihrepresent a balane between the grids hosen for DO and DTC. Regardless of the γ onsidered,and the weighting sheme, ergodi distributions show probability ollapsing more strongly inthe upper states, after departing from initial distributions strongly skewed to the left, and �naldistributions with the opposite pattern. Di�erenes aross weighting shemes are as apparentas for DTC, suggesting that the soures of international eonomi integration for eah ountrymay be di�erent: whereas for the most populated ountries they ome from a more balanedtrade struture, riher ountries seem to integrate when they are more open. In general, whenaounting for indiret onnetions (γ = 0.5), the tendeny to onentrate in the upper integrationstates is stressed for all eonomies, GDP and population. Spei�ally, the ergodi distributionpredits that 80% of ountries, 72% of GDP and 75% of population will orrespond to integrationlevels above 0.482, i.e., they will have ompleted half the way to maximum integration.The ontinuous ounterparts to tables 4 and 5 are shown in �gure 6. The view they providefor the DI, analogous to the disrete ase, is quite eluidating, as probability shifts rightwards forall instanes�regardless of the γ onsidered and the weighting sheme. Comparing unweightedresults (�gure 6.a) reveals that integration has shifted rightwards, yet probability is more spreadby 2004, indiating an inreased variety, whih will eventually (ergodi distribution) turn intobi-modality.7 Weighting by GDP yields similar results, although multi-modality is not so obvious.However, it is in the ase of weighting by population that results di�er, as we depart from very lowvalues (probability is strongly skewed to the left), it turns learly bi-modal by 2004 (suggesting7Bandwidth seletion is ritial for this �nding, and it ould be argued that the bi-modality found is simply aresult of under-smoothing. However, the result was robust for several smoothing parameters.19



some very heavily populated ountries are partiipating in the international integrating proess,while others are doing so to a lesser extent), but in the hypothetial long run bi-modality willfade away. In addition, if we ompare population-weighted results with either GDP-weightedor unweighted results, regardless of the γ onsidered, international eonomi integration will bestronger, suggesting that population will mostly inhabit integrated ountries.Tables 7 through 9 report results on statistial signi�ane of di�erenes aross di�erentmatries, whih are all signi�ant at 1% signi�ane level.In order to assess whether the pae of the integration proess has intensi�ed from 1990,as �gures 1 through 3 seem to suggest, we also omputed ergodi distributions resulting fromtransitions between 1990 and 2004, for all ases onsidered. Results are displayed in table 10where, in order to ease diret omparison, results for 1967�2004 are also displayed. In the aseof DO, the pae speeds up, as probability mass onentrates more strongly in state 5 for the1990�2004 distributions. Results for DTC are more di�ult to interpret, suggesting that thebalaned onnetions may have diminished over the last few years. Merging results for both DOand DTC, it seems that the evolution in the making of the DI is dominated by DO, as ergodidistributions for the DI index orresponding to the last sub-period tend to onentrate probabilityoverwhelmingly in state 5. All di�erenes between ergodi distributions are signi�ant, as shownby the p-values in the last olumn of the table.Finally, we also assessed how long it may take to get lose to the steady state, as implied by thestrutures of the transition probability matries. As suggested in Setion 3.3, a useful riterion ofspeed of onvergene to the ergodi distribution is the asymptoti half-life of onvergene, H −L,whose results are displayed in table 11 and indiate how many periods (1 period=5 years, sinewe ompute �ve-year transitions) are neessary for the distane between the urrent (2004) andthe ergodi distribution to derease by half.Aording to table 11, in the ase of unweighted DIγ=1 it would take 5.646×5 ≈ 28.230 yearsto redue the distane between the ergodi and urrent (2004) distribution by half, whereas for
γ = 0.5 it would take slightly longer (30.200 years). Results are di�erent for the two weightingshemes. For the GDP-weighted ase, the pae slows down, as it would take 8.682 × 5 ≈ 43.410years to redue the same distane by half, while for population-weighted transitions the pathaelerates (3.827 × 5 ≈ 19.135). Results are not entirely oinidental if we onsider only the1990�2004 period, aording to whih speeds of onvergene are more alike for the three weightingshemes, espeially under γ = 0.5, suggesting that the soure of integration among the most-populated ountries, namely, the degree of onnetion, has dereased over the reent years.20



6. ConlusionsAording to many opinions, globalization is advaning and, should the underlying trends ofreent deades ontinue, the world eonomy may be expeted to ahieve high levels of IEI inthe near future. The analysis arried out in this study orroborates this pereption, based oninstruments that enable areful interpretation of the nature of the proess and their drivingfators, ontributing also to measuring their speed and, above all, to haraterizing how eonomieshave evolved in terms of degree of openness, degree of onnetion, and degree of integration.The point of departure for the researh was the axiomati de�nition of a Standard of PerfetInternational Integration (see Arribas et al., 2007), the arrival point for a world eonomy in whihall ountries would trade with no fritions, osts or any other type of impediment. Building onthe measurement of the evolution from 1967 to 2004, we analyze the dynamis of the integrationproess with a set of tehniques extensively used by the empirial literature on growth, in orderto projet those tendenies whih have existed over the past deades onto the future and to assessthe perspetives for IEI.Results an be summarized following several lines:1. The openness of eonomies doubled (on average) from 1967 to 2004, and the distributiondynamis for the degree of openness shows that, by 2004, almost twie the number ofountries and population in our sample are situated in eonomies whose degrees of opennessare larger than 30%. If this tendeny were to ontinue, more than two thirds of ountries,GDP and world population would be faing muh more open senarios. If we weight, eitherfor eonomi size (GDP) or demography (population), the proess is more intense, and thetendeny for the degree of openness to inrease is stronger.2. The degree of onnetion measures how enompassing and balaned (aording to theirsize) trade relations among eonomies are, and by the beginning of the 21st entury it hadreahed a remarkably high level. The degree of onnetion is higher than 60% if we onsideronly diret onnetions, and it reahes 75% if we allow for indiret trade onnetions amongountries. Distribution dynamis are strongly in�uened by this fat, sine most eonomiesare already losely onneted with the rest. Related to this, the biggest advanes an beexpeted from an intensi�ation of indiret onnetions, for whih statistial informationis not available, although one may reasonably onlude they are inreasing (i.e., the γparameter is dereasing). As a onsequene, one may expet that for most eonomies thedegree of onnetion will approah its highest level.21



3. Both fators referred to above, i.e., degree of openness and degree of onnetion (tradestruture) ontribute to eonomi integration in di�erent ways. The advane in the degreeof international integration between 1967 and 2004 was substantial, and the degree of inte-gration index is lose to 50%. Should this tendeny hold, the number of ountries with highlevels of IEI will beome muh higher, as well as the perentage of world population thatinhabits these ountries. The ergodi distribution orresponding to the degree of integration(DI) illustrates this �nding, sine probability mass onentrates more strongly over time inthose states orresponding to the highest values of DI. Within �fty years, more than 70%of ountries, world population and GDP will be half way to the steady state distribution,representing high degrees of integration, although prospets are not as rosy if we assumeless indiret onnetions.4. The weighted results regarding ountries' GDP show that a progressive inrease in theweight of eonomies with high degrees of integration will our. Some eonomi areaswith average, or low, levels of integration are still important for the world eonomy, yetwith a dereasing weight. But the pae of advane toward world eonomi integration willaelerate in most ountries�espeially in the most populated but also in others with highweight in terms of GDP.5. In the framework of these general trends, the analysis of the distribution dynamis under-taken shows that di�erenes have existed and will not ompletely vanish in the near future,as shown both by the values of the transition probability matries, whih do not abandonthe main diagonal easily, and the ergodi distributions. The ergodi densities (the on-tinuous ounterpart to the disrete ergodi distributions) orroborate these �ndings and,simultaneously, provide further details to the analysis.In sum, the speed at whih IEI is advaning is noteworthy, and the ergodi distribution mayquikly be approahed, although there is a remarkable heterogeneity among ountries in thisrespet. Most eonomies are ahieving degrees of trade openness and trade struture (degree ofonnetion) whih lead to high eonomi integration levels. However, in many ases this resultis still far from the Standard of Perfet Eonomi Integration as de�ned. This �nding oinideswith some theses aording to whih we are still a long way from a world in whih marketsfor goods, servies, and fators of prodution are perfetly integrated, ontrary to onventionalwisdom, or with Frankel (2000), who points out that globalization of trade and �nane is �lessimpressive than most non-eonomists think�. The question still remaining relates to whih fators22



and barriers (geographi, politial, historial, ultural, or eonomi) explain, for eah di�erentase, the di�ulties in obtaining a higher level of integration without osts and without fritions,or oppose it altogether. The results obtained and methods used in our study may provide a baseon whih to deal with this question.
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Table 1: Transition probability matrix and ergodi distribution, degree of openness (DO), 1967to 2004, 5-year transitions, limits all yearsUpper limit, all years:(Share of observations) 0.089 0.151 0.210 0.311 1.129(0.21) 0.73 0.20 0.04 0.02 0.01(0.21) 0.11 0.57 0.25 0.06 0.01(0.20) 0.01 0.11 0.56 0.30 0.02(0.20) 0.00 0.02 0.12 0.62 0.24(0.18) 0.00 0.01 0.01 0.09 0.89Initial distribution 0.37 0.31 0.19 0.05 0.08Final distribution 0.08 0.09 0.22 0.12 0.49Ergodi distribution 0.01 0.05 0.07 0.15 0.72a) UnweightedUpper limit, all years:(Share of world GDP) 0.089 0.151 0.210 0.311 1.129(0.40) 0.83 0.16 0.01 0.00 0.00(0.27) 0.10 0.64 0.23 0.03 0.00(0.16) 0.00 0.06 0.64 0.29 0.01(0.12) 0.00 0.01 0.11 0.72 0.16(0.05) 0.00 0.00 0.00 0.05 0.95Initial distribution 0.71 0.14 0.12 0.02 0.01Final distribution 0.31 0.16 0.22 0.04 0.27Ergodi distribution 0.00 0.01 0.04 0.14 0.81b) GDP-weightedUpper limit, all years:(Share of worldpopulation) 0.089 0.151 0.210 0.311 1.129(0.56) 0.75 0.17 0.07 0.01 0.00(0.16) 0.11 0.55 0.23 0.11 0.00(0.14) 0.00 0.08 0.49 0.40 0.03(0.10) 0.00 0.01 0.12 0.60 0.27(0.04) 0.00 0.00 0.00 0.15 0.85Initial distribution 0.78 0.16 0.05 0.01 0.00Final distribution 0.08 0.27 0.13 0.08 0.44Ergodi distribution 0.00 0.01 0.07 0.31 0.61) Population-weighted
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Table 2: Transition probability matrix and ergodi distribution, degree of total onnetion(DTCγ=1), with limits orresponding to DTCγ=0.5, 1967 to 2004, 5-year transitions,limits all years Upper limit, all years:(Share of observations) 0.617 0.713 0.837 0.918 0.984(0.51) 0.76 0.17 0.06 0.01 0.00(0.10) 0.24 0.47 0.24 0.05 0.00(0.12) 0.06 0.20 0.43 0.27 0.04(0.15) 0.03 0.03 0.17 0.55 0.22(0.12) 0.03 0.00 0.04 0.34 0.58Initial distribution 0.61 0.12 0.08 0.07 0.12Final distribution 0.46 0.14 0.19 0.19 0.03Ergodi distribution 0.45 0.12 0.14 0.18 0.11a) UnweightedUpper limit, all years:(Share of world GDP) 0.617 0.713 0.837 0.918 0.984(0.46) 0.74 0.25 0.01 0.00 0.00(0.23) 0.25 0.62 0.11 0.01 0.00(0.08) 0.08 0.18 0.50 0.19 0.04(0.08) 0.00 0.02 0.18 0.44 0.36(0.15) 0.00 0.00 0.04 0.32 0.64Initial distribution 0.76 0.04 0.07 0.02 0.11Final distribution 0.49 0.16 0.26 0.09 0.00Ergodi distribution 0.34 0.28 0.12 0.13 0.13b) GDP-weightedUpper limit, all years:(Share of worldpopulation) 0.617 0.713 0.837 0.918 0.984(0.36) 0.70 0.21 0.09 0.00 0.00(0.13) 0.14 0.34 0.33 0.18 0.01(0.19) 0.02 0.12 0.55 0.22 0.09(0.18) 0.00 0.07 0.15 0.53 0.25(0.14) 0.00 0.00 0.10 0.32 0.58Initial distribution 0.62 0.21 0.05 0.05 0.07Final distribution 0.21 0.04 0.39 0.32 0.04Ergodi distribution 0.07 0.10 0.26 0.31 0.26) Population-weighted
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Table 3: Transition probability matrix and ergodi distribution, degree of total onnetion(DTCγ=0.5), 1967 to 2004, 5-year transitions, limits all yearsUpper limit, all years:(Share of observations) 0.617 0.713 0.837 0.918 0.984(0.20) 0.76 0.21 0.02 0.00 0.01(0.21) 0.17 0.63 0.19 0.01 0.00(0.19) 0.01 0.11 0.65 0.21 0.02(0.20) 0.00 0.01 0.12 0.64 0.23(0.20) 0.00 0.00 0.02 0.22 0.76Initial distribution 0.32 0.20 0.25 0.09 0.14Final distribution 0.15 0.17 0.22 0.31 0.15Ergodi distribution 0.05 0.08 0.17 0.33 0.37a) UnweightedUpper limit, all years:(Share of world GDP) 0.617 0.713 0.837 0.918 0.984(0.10) 0.74 0.25 0.01 0.00 0.00(0.30) 0.12 0.69 0.19 0.00 0.00(0.21) 0.01 0.20 0.76 0.03 0.00(0.20) 0.00 0.12 0.84 0.04 0.00(0.19) 0.00 0.12 0.84 0.04 0.00Initial distribution 0.14 0.21 0.50 0.04 0.11Final distribution 0.04 0.08 0.51 0.34 0.03Ergodi distribution 0.12 0.40 0.46 0.02 0.00b) GDP-weightedUpper limit, all years:(Share of worldpopulation) 0.617 0.713 0.837 0.918 0.984(0.07) 0.67 0.31 0.01 0.00 0.01(0.14) 0.20 0.48 0.31 0.01 0.00(0.21) 0.01 0.07 0.60 0.31 0.01(0.30) 0.00 0.00 0.08 0.57 0.35(0.28) 0.00 0.00 0.02 0.27 0.71Initial distribution 0.33 0.19 0.17 0.23 0.08Final distribution 0.09 0.02 0.14 0.63 0.12Ergodi distribution 0.00 0.01 0.07 0.41 0.51) Population-weighted
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Table 4: Transition probability matrix and ergodi distribution, degree of integration (DIγ=1),with limits orresponding to DIγ=0.5, 1967 to 2004, 5-year transitions, limits all yearsUpper limit, all years:(Share of observations) 0.258 0.334 0.398 0.482 0.989(0.32) 0.74 0.23 0.02 0.00 0.01(0.24) 0.09 0.61 0.23 0.07 0.00(0.17) 0.00 0.10 0.59 0.26 0.05(0.14) 0.00 0.03 0.12 0.60 0.25(0.13) 0.00 0.00 0.02 0.13 0.85Initial distribution 0.58 0.27 0.10 0.03 0.02Final distribution 0.10 0.20 0.24 0.15 0.31Ergodi distribution 0.01 0.05 0.10 0.21 0.63a) UnweightedUpper limit, all years:(Share of world GDP) 0.258 0.334 0.398 0.482 0.989(0.49) 0.92 0.08 0.00 0.00 0.00(0.26) 0.04 0.75 0.19 0.02 0.00(0.15) 0.00 0.11 0.64 0.24 0.01(0.07) 0.00 0.02 0.16 0.61 0.21(0.03) 0.00 0.00 0.01 0.13 0.86Initial distribution 0.73 0.22 0.05 0.00 0.00Final distribution 0.31 0.23 0.20 0.11 0.15Ergodi distribution 0.01 0.07 0.12 0.23 0.57b) GDP-weightedUpper limit, all years:(Share of worldpopulation) 0.258 0.334 0.398 0.482 0.989(0.59) 0.77 0.21 0.02 0.00 0.00(0.17) 0.09 0.56 0.21 0.14 0.00(0.13) 0.00 0.08 0.60 0.25 0.07(0.07) 0.00 0.02 0.17 0.42 0.39(0.04) 0.00 0.00 0.01 0.18 0.81Initial distribution 0.86 0.11 0.02 0.01 0.00Final distribution 0.08 0.34 0.13 0.08 0.37Ergodi distribution 0.01 0.02 0.06 0.24 0.67) Population-weighted
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Table 5: Transition probability matrix and ergodi distribution, degree of integration (DIγ=0.5),1967 to 2004, 5-year transitions, limits all yearsUpper limit, all years:(Share of observations) 0.258 0.334 0.398 0.482 0.989(0.21) 0.70 0.23 0.04 0.02 0.01(0.21) 0.11 0.52 0.30 0.06 0.01(0.20) 0.02 0.13 0.52 0.30 0.03(0.20) 0.00 0.01 0.14 0.57 0.28(0.18) 0.00 0.00 0.00 0.14 0.86Initial distribution 0.39 0.36 0.17 0.05 0.03Final distribution 0.09 0.05 0.20 0.22 0.44Ergodi distribution 0.01 0.01 0.04 0.14 0.80a) UnweightedUpper limit, all years:(Share of world GDP) 0.258 0.334 0.398 0.482 0.989(0.30) 0.63 0.36 0.01 0.00 0.00(0.37) 0.15 0.60 0.23 0.02 0.00(0.17) 0.00 0.17 0.56 0.26 0.01(0.12) 0.00 0.00 0.20 0.55 0.25(0.04) 0.00 0.00 0.00 0.11 0.89Initial distribution 0.65 0.22 0.12 0.01 0.00Final distribution 0.31 0.02 0.34 0.06 0.27Ergodi distribution 0.00 0.02 0.08 0.18 0.72b) GDP-weightedUpper limit, all years:(Share of worldpopulation) 0.258 0.334 0.398 0.482 0.989(0.50) 0.70 0.28 0.01 0.00 0.00(0.21) 0.11 0.45 0.29 0.14 0.01(0.10) 0.01 0.14 0.41 0.42 0.02(0.14) 0.00 0.01 0.11 0.57 0.31(0.05) 0.00 0.00 0.00 0.14 0.86Initial distribution 0.75 0.20 0.04 0.01 0.00Final distribution 0.08 0.21 0.17 0.10 0.44Ergodi distribution 0.00 0.01 0.03 0.21 0.75) Population-weighted
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Table 6: Mobility indiesaVariable Transition matrix µ1Unweighted 0.756
DO GDP-weighted 0.723Population-weighted 0.788Unweighted 0.834
DTCγ=1 GDP-weighted 0.840Population-weighted 0.848Unweighted 0.790
DTCγ=0.5 GDP-weighted 0.896Population-weighted 0.823Unweighted 0.784
DIγ=1 GDP-weighted 0.763Population-weighted 0.811Unweighted 0.773
DIγ=0.5 GDP-weighted 0.762Population-weighted 0.789
a See main text for de�nition of µ1.
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Table 7: Statistial signi�ane (χ2) of matries equality, degree of openness (DO)a
M

DOunweighted M
DOGDP-weighted M

DOPOP-weighted
M

DOunweighted � 0.169 0.251(p-value) (0.000) (0.000)
M

DOGDP-weighted � 0.252(p-value) (0.000)
a Notes: null hypothesis is that the pair of matries orrespondingto eah ell are the same. We test whether di�erenes are sta-tistially signi�ant. Test statisti is distributed χ2(K(K − 1)).Table 8: Statistial signi�ane (χ2) of matries equality, degree of total onnetion (DTC)a

M
DTCγ=1unweighted M

DT Cγ=1GDP-weighted M
DT Cγ=1POP-weighted M

DTCγ=0.5unweighted M
DT Cγ=0.5GDP-weighted M

DT Cγ=0.5POP-weighted
M

DT Cγ=1unweighted � 0.336 0.387 0.248 1.261 0.572(p-value) (0.000) (0.000) (0.000) (0.000) (0.000)
M

DT Cγ=1GDP-weighted � 0.544 0.641 1.728 1.113(p-value) (0.000) (0.000) (0.000) (0.000)
M

DT Cγ=1POP-weighted � 0.397 1.946 0.658(p-value) (0.000) (0.000) (0.000)
M

DT Cγ=0.5unweighted � 1.996 0.312(p-value) (0.000) (0.000)
M

DT Cγ=0.5GDP-weighted � 0.571(p-value) (0.000)
M

DT Cγ=0.5POP-weighted �(p-value)
a Notes: null hypothesis is that the pair of matries orresponding to eah ell are the same. We test whetherdi�erenes are statistially signi�ant. Test statisti is distributed χ2(K(K − 1)).Table 9: Statistial signi�ane (χ2) of matries equality, degree of integration (DI)a

M
DIγ=1unweighted M

DIγ=1GDP-weighted M
DIγ=1POP-weighted M

DIγ=0.5unweighted M
DIγ=0.5GDP-weighted M

DIγ=0.5POP-weighted
M

DIγ=1unweighted � 0.137 0.222 0.059 0.179 0.199(p-value) (0.000) (0.000) (0.000) (0.000) (0.000)
M

DIγ=1GDP-weighted � 0.258 0.207 0.249 0.333(p-value) (0.000) (0.000) (0.000) (0.000)
M

DIγ=1POP-weighted � 0.253 0.334 0.262(p-value) (0.000) (0.000) (0.000)
M

DIγ=0.5unweighted � 0.082 0.190(p-value) (0.000) (0.000)
M

DIγ=0.5GDP-weighted � 0.157(p-value) (0.000)
M

DIγ=0.5POP-weighted �(p-value)
a Notes: null hypothesis is that the pair of matries orresponding to eah ell are the same. We test whetherdi�erenes are statistially signi�ant. Test statisti is distributed χ2(K(K − 1)).34



Table 10: Ergodi distributions, all data vs. 1990�2004 dataErgodi distributions
χ2(p-value)1967�2004 1990�2004

DO

Upper limits: 0.089 0.151 0.210 0.311 1.129 0.089 0.151 0.210 0.311 1.129Unweighted 0.02 0.05 0.07 0.15 0.72 0.00 0.00 0.02 0.05 0.93 −0.086(0.000)GDP-weighted 0.00 0.01 0.04 0.14 0.81 0.00 0.00 0.01 0.03 0.96 −0.020(0.000)Population-weighted 0.00 0.01 0.07 0.31 0.61 0.00 0.00 0.03 0.30 0.67 −0.010(0.000)

DTCγ=1

Upper limits: 0.617 0.713 0.837 0.918 0.984 0.617 0.713 0.837 0.918 0.984Unweighted 0.45 0.12 0.14 0.18 0.11 0.51 0.19 0.13 0.13 0.04 −0.013(0.000)GDP-weighted 0.34 0.28 0.12 0.13 0.14 0.70 0.13 0.05 0.08 0.04 0.036(0.000)Population-weighted 0.07 0.10 0.26 0.31 0.26 0.21 0.06 0.30 0.26 0.17 0.283(0.000)

DTCγ=0.5

Upper limits: 0.617 0.713 0.837 0.918 0.984 0.617 0.713 0.837 0.918 0.984Unweighted 0.05 0.08 0.17 0.33 0.37 0.12 0.04 0.25 0.35 0.25 0.032(0.000)GDP-weighted 0.12 0.40 0.46 0.01 0.00 0.00 0.00 0.86 0.08 0.06 0.690(0.000)Population-weighted 0.00 0.01 0.07 0.41 0.51 0.13 0.01 0.13 0.41 0.32 0.098(0.000)

DIγ=1

Upper limits: 0.258 0.334 0.398 0.482 0.989 0.258 0.334 0.398 0.482 0.989Unweighted 0.01 0.05 0.10 0.21 0.63 0.00 0.01 0.03 0.09 0.87 −0.041(0.000)GDP-weighted 0.01 0.07 0.12 0.23 0.57 0.00 0.00 0.02 0.08 0.90 −0.014(0.000)Population-weighted 0.01 0.02 0.06 0.24 0.66 0.00 0.00 0.02 0.26 0.72 −0.005(0.000)

DIγ=0.5

Upper limits: 0.258 0.334 0.398 0.482 0.989 0.258 0.334 0.398 0.482 0.989Unweighted 0.00 0.01 0.04 0.14 0.80 0.00 0.00 0.02 0.05 0.93 −0.070(0.000)GDP-weighted 0.01 0.02 0.07 0.18 0.72 0.00 0.00 0.01 0.04 0.95 −0.015(0.000)Population-weighted 0.00 0.01 0.03 0.21 0.75 0.00 0.00 0.02 0.14 0.84 −0.002(0.000)
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Table 11: Transition path analysis (asymptoti half life of onvergene)aVariable Transition matrix H − L, 1967�2004 H − L, 1990�2004Unweighted 5.646 5.860
DIγ=1 (limits γ = 0.5) GDP-weighted 8.682 7.872Population-weighted 3.827 3.701Unweighted 6.040 4.991
DIγ=0.5 GDP-weighted 8.235 4.400Population-weighted 3.621 4.053
a See main text for de�nition of H − L.
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Figure 1: Desriptive statistis for DO, 1967�2004
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Figure 2: Desriptive statistis, DTC 1967�2004
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Figure 3: Desriptive statistis, DI 1967�2004
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Figure 4: Degree of openness (DO), densities, 1967 vs. 2004 vs. ergodi
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Figure 5: Degree of total onnetion (DTC), densities, 1967 vs. 2004 vs. ergodi
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Figure 6: Degree of integration (DI), densities, 1967 vs. 2004 vs. ergodi
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