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1 Introdu
tionThe prospe
t of migration a�e
ts the rate of return to edu
ation and will thereforea�e
t human 
apital a

umulation and fertility de
isions in both the sendingand re
eiving e
onomies. Migration will therefore a�e
t the world distribution ofin
ome both dire
tly and indire
tly via its a�e
ts on fertility patterns. This paperanalyzes these e�e
ts in a dynami
 two 
ountry model of the world e
onomy whereagents in both 
ountries make optimal fertility and human 
apital de
isions. Theanalysis shows that even if the world distribution of in
ome per 
apita is stable,the world distribution of population may be divergent. The paper also analyzesthe impa
t of the 
urrent trend towards predominantly skilled emigration frompoor to ri
h 
ountries. It shows that in the long run, su
h brain drain migrationpatterns may in
rease inequality in the world distribution of in
ome, as relativelypoor 
ountries grow large in terms of population. In the short run however, itis possible for world inequality to fall due to rises in GDP per 
apita in largedeveloping e
onomies with low skilled emigration rates.It is important to analyze the e�e
ts of brain drain migration patterns onthe world distribution of in
ome sin
e this type of migration has been growingsigni�
antly over the last 25 years. Throughout the 1990s the growth rate ofinternational skilled migration has been nearly triple that of unskilled migration,and most of that in
rease is due to skilled migration from developing to developed
ountries. Emigration rates in 2000 were three times higher than average for thehighly edu
ated and skilled { and twelve times higher for emigrants from low-in
ome 
ountries (Do
quier and Marfouk, 2006).1 This signi�
ant development inthe world e
onomy gives rise to important e
onomi
 questions. Is the brain drainfrom developing to developed 
ountries likely to be a transitory or a permanentfeature of the world e
onomy? Will it in
rease the rate of e
onomi
 growth inthe sending e
onomies, in the re
eiving e
onomies, and in the world e
onomy?Will the brain drain promote 
onvergen
e or divergen
e in the world distributionof in
ome?The analysis shows that brain drain migration patterns may be a permanentfeature of the world e
onomy and may in
rease the growth rate and redu
e thefertility rate of all e
onomies in the world. Furthermore, when both re
eivingand sending e
onomies bene�t from brain drain migration, it is possible that the1See se
tion 2.2 below for a dis
ussion of the empiri
al trends.1



more advan
ed e
onomy bene�ts more from this pro
ess and for world inequalityto in
rease as a result.The analysis extends the existing literature in two dire
tions. Firstly it pro-vides a dynami
 analysis of the e�e
ts of the brain drain on both the sendingand re
eiving e
onomies. This is an important 
ontribution sin
e the previousliterature, from the seminal papers of Bhagwati and Hamada (1974) to the morere
ent models of Mountford (1997), Vidal (1998), Stark et al. (1998), Beine etal. (2001) or Kanbur and Rapoport (2005), have only analyzed the impli
ationsfor the sending e
onomy. Analyzing the e�e
t on re
eiving 
ountries is importantbe
ause it demonstrates that the e�e
ts of migration on the sending and re
eivinge
onomies need not be opposites of one another. In parti
ular it is shown howit is possible for brain drain migration to redu
e fertility rates and in
rease therates of human 
apital a

umulation and e
onomi
 growth in both the sendingand re
eiving e
onomies.This paper's se
ond 
ontribution is to link the brain drain to fertility de
isionsin both the sending and re
eiving e
onomies. This is important be
ause the shapeof the world distribution of in
ome is a�e
ted by the relative numbers of peoplein advan
ed and less advan
ed e
onomies as well as by their relative in
ome perhead and it is a fa
t that sending 
ountries tend to have higher rates of fertilityand lower levels of human 
apital a

umulation than the re
eiving e
onomies.This paper shows how these patterns may be reinfor
ed by brain drain migrationin equilibrium.The observed growth in sele
tive migration is almost surely related to anotherkey feature of the world e
onomy whi
h has been the subje
t of a great deal ofre
ent e
onomi
 analysis, namely, the expansion in human 
apital a

umulationin developing and developed e
onomies. In this paper we adopt the approa
h ofGalor and Moav (2000) in modelling this phenomenon. Galor and Moav (2000)argue that edu
ation makes workers more adaptable and so makes them relativelymore produ
tive in 
onditions of te
hnologi
al 
hange. Thus while the level ofte
hnology is skill-neutral, the rate of growth of te
hnology is skill-biased. Weextend this approa
h to the international environment by assuming that the rateof growth of frontier te
hnology is skill-biased but that the rate of growth frominternationally di�used or imitation te
hnology is not skill biased. When braindrain migration is added to this environment there is a two way intera
tion be-tween growth and the migration of skilled workers. Higher te
hnologi
al growthin an advan
ed e
onomy in
reases the in
entives for agents to migrate to the2



advan
ed e
onomy and this spurs gross human 
apital formation (i.e., before em-igration is netted out) in the sending e
onomy. Skilled immigration also in
reasesthe growth rate of te
hnology in the advan
ed e
onomy and this further in
reasesthe in
entives for skilled agents to migrate to the advan
ed e
onomy as well asin
reases the in
entives for human 
apital a

umulation in the advan
ed e
onomyitself.A �nal 
ontribution of the analysis is that it is able to model the evolution ofthe world distribution of in
ome and analyze the e�e
ts of migration on this pro-
ess. Empiri
ally Sala-I-Martin (2006) has shown that global inequality remainedmore or less 
onstant during the 1970s and then de
lined during the 1980s and1990s, with the size of the de
line ranging between 4 to 30 per
ent dependingon the exa
t measure used. This de
line is noteworthy in that it 
omes after ase
ular trend of rising inequality at the world level (Bourguignon and Morrisson,2002). The reversal is more than a

ounted for by the 
onvergen
e in in
ome per
apita of 
ountries su
h as India, China, and other Asian 
ountries, while otherregions of the world (espe
ially Afri
a, whi
h in
ludes many small-sized 
oun-tries) have kept diverging. Using a sub-set of inequality measures that allow forde
omposing global inequality, Sala-I-Martin (2006) shows that global inequalityis due mostly to inequality a
ross 
ountries. However, within-
ountry inequalityhas been rising sin
e the 1970s. Nevertheless, this in
rease in within-
ountryinequality is more than o�set by the de
rease in (weighted) between-
ountry in-equality, resulting in an overall de
line in inequality at the world level. Naturalquestions to ask are how will these trends be a�e
ted by the international mi-gration of people? In parti
ular, how will the world distribution of in
ome beimpa
ted by the emergen
e of brain drain migration as a dominant pattern ofinternational migration?The rest of this paper is organized as follows. Se
tion 2 des
ribes the motiva-tion for the analysis and brie
y reviews the empiri
al eviden
e on the evolutionof the world distribution of in
ome, on the growth of brain drain migration,and on the impa
t of brain drain migration on the development of the sendinge
onomies. Se
tion 3 des
ribes an autarki
 theoreti
al e
onomy. Se
tion 4 an-alyzes the impa
t of brain drain migration on both the sending and re
eivinge
onomies. Se
tion 5 analyzes the evolution of the world e
onomy and derivesthe main results of the paper. Se
tion 6 
on
ludes.
3



2 Ba
kground2.1 Theoreti
al and empiri
al ba
kgroundThere are both theoreti
al and empiri
al motivations for the analysis in thispaper. Theoreti
ally the idea that family fertility and human 
apital de
isionsrespond to e
onomi
s for
es, su
h as the expe
ted return to human 
apital, has a�ne intelle
tual pedigree stret
hing ba
k to Be
ker and Lewis (1973) and Be
kerand Tomes (1976). The impli
ations for growth of a trade o� between fertilityand human 
apital a

umulation has been the subje
t of a great deal of analysiswith notable 
ontributions by Be
ker Murphy and Tamura (1990), Kremer andChen (1999, 2002) and Moav (2005), who all show how this trade o� 
an generatemultiple steady state equilibria in a growth model. The trade o� between fertilityand human 
apital a

umulation is also a key feature in uni�ed growth theorywhi
h models the es
ape of the world e
onomy from a (quasi) steady state ofMalthusian stagnation to a modern steady state with sustained e
onomi
 growthvia a demographi
 transition, see Galor and Weil (2000).The international environment will a�e
t the rate of return to human 
apitalin an e
onomy. It follows therefore that it should also have an e�e
t an e
onomy'srate of fertility and human 
apital a

umulation. Galor and Mountford (2008)analyzed the impli
ations of international trade for fertility and human 
apitalde
isions and e
onomi
 growth. As well as an e
onomy's openness with regardto international trade, the degree to whi
h migration is a possibility will alsoa�e
t the rate of return to human 
apital in both the sending and re
eivinge
onomies and thus the motivation for this paper is to analyze the impli
ations ofmigration for fertility and growth in the world e
onomy. This paper fo
uses on theimpli
ation of Brain Drain migration sin
e as detailed in se
tion 2.2, skill-biasedimmigration poli
ies are be
oming dominant in OECD e
onomies. However itshould be stressed that the same method of analysis i.e. its mirror-image, 
an beused to analyze primarily low skilled migration movementsEmpiri
ally there is also mu
h eviden
e in favour of a quantity/quality tradeo� in fertility de
isions. In a notable mi
roe
onometri
 study of family's fertilityde
isions in rural India, Rosenzweig and Wolpin (1980) found that the o

urren
eof multiple births (i.e., an exogenous in
rease in family size) brought about a de-
line in 
hild quality. Re
ent studies in developed e
onomies, however, where theenfor
ement of 
hild labor and publi
 edu
ation laws implies a mu
h lower di�er-4



ential 
ost in bringing up skilled 
hildren, �nd no eviden
e for a family size e�e
t,see e.g. Bla
k, Devereux and Salvanes's (2005) study using Norwegian data andAngrist, Lavy and S
hlosser's (2005) study on Israel. In 
ross 
ountry ma
roe
o-nomi
 analysis fertility rates are persistently shown to have a negative e�e
t ongrowth, see for example Barro and Sala-I-Martin (2004). Kremer and Chen (1999,2002) using 
ross-
ountry regressions found higher fertility was asso
iated withlower levels of edu
ation and that this e�e
t is greater in more unequal so
ietieswhi
h is 
onsistent with the existen
e of a quality/quantity trade o�, althoughas Kremer and Chen allow, su
h results are not de�nitive due to endogeneitiesinherent in the regression model.2.2 Re
ent trends in migrationRe
ent 
omparative data on international migration by skill level reveal that overthe last few de
ades the brain drain has in
reased not only in magnitude (i.e.,in terms of total number of highly skilled immigrants) but also, in most 
ases,in intensity (i.e., relative to the sto
k of highly edu
ated people remaining inthe sour
e 
ountries). This means that the rate of growth of international skilledmigration has been even more rapid than that of edu
ational attainments in mostregions of the developing world. Figure 1 shows this evolution using panel datafrom Defoort (2008), where skilled emigration rates are expressed in per
entageof domesti
 the labor for
e.The rise in brain drain migration has been 
aused by a 
ombination of sele
tiveimmigration poli
ies on the demand side and an in
reased tenden
y for workersto positively self-sele
t into migration on the supply side.2 Sele
tive immigrationpoli
ies su
h as the point-system were �rst introdu
ed in Australia and Canadain the early 1980s, and then gradually spread to other OECD 
ountries. Mostre
ent examples in
lude the adoption of the point-system by the United Kingdomin 2005 and the "
hosen immigration" poli
y adopted in Fran
e in 2006.There is a 
lear de
reasing relationship between emigration rates and 
oun-try size (see Figure 2). Do
quier and Marfouk (2006) show that these di�eren
es
annot be attributed to the edu
ational stru
ture of the home 
ountry population2There are very few ex
eptions to this empiri
al regularity that international migrants pos-itively self-sele
t with respe
t to edu
ation. A notable ex
eption is Mexi
o (see Chiquiar andHanson, 2005, and M
Kenzie and Rapoport, 2009).
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rease in brain drain migration over the last three de
ades.Sour
e: Defoort (2008).or to a higher ratio of skilled to total emigration rates in small 
ountries. Thelatter are simply more open to migration (as they are for trade). Note that thelargest developing 
ountries exhibit relatively low rates of skilled emigration. Be-sides 
ountry size, another signi�
ant explanatory variable for skilled emigrationrates is a 
ountry's in
ome level with the highest skilled emigration rates beingobserved in middle-in
ome 
ountries. The fa
t that skilled emigration rates tendto be lower in relatively a�uent 
ountries is explained by the relatively low wagedi�erentials between these 
ountries and potential destinations. The reasons whythey are also lower in poor 
ountries are less obvious and 
ould be due to a vari-ety of 
auses, in
luding the role of 
redit 
onstraints on edu
ation and migrationde
isions or the lower transferability of human 
apital, whi
h we do not attemptto model in this paper.The theoreti
al model below will show that the brain drain 
an have a pos-itive or negative e�e
t on human 
apital a

umulation in the sending e
onomydepending 
eteris paribus on the rate of emigration of skilled workers. As inprevious models, the potential for brain drain migration to be bene�
ial to thesending e
onomy is based on the assumption that the ability to migrate is un
er-tain and that migration prospe
ts a�e
t agents' edu
ation de
isions in the send-ing e
onomies.3 There is mu
h empiri
al eviden
e supporting this assumption at3See Do
quier and Rapoport (2008) for a re
ent survey of this literature.6
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Population Size − in logsFigure 2: The inverse relationship between the skilled emigration rate and pop-ulation size (in 2000). Sour
e: Do
quier and Marfouk (2006).both the mi
ro and ma
ro level. Mi
ro-level eviden
e 
omes mainly from (small)
ountries 
ase-studies (see e.g. Gibson and M
Kenzie, 2008, Chand and Clemens,2008). Ma
ro-level eviden
e is provided by Beine, Do
quier and Rapoport (2008),who found a signi�
ant positive e�e
t of skilled emigration on gross human 
api-tal formation in a 
ross-se
tion of 127 developing 
ountries; they then used theirpoint estimate (an elasti
ity of 5 per
ent) to 
ompute 
ountry-spe
i�
 net ef-fe
ts. Their 
ounterfa
tual simulations show that the 
ountries that experien
ea "bene�
ial brain drain" generally 
ombine low levels of human 
apital and lowmigration rates, whereas the 
ountries experien
ing a net loss are typi
ally 
har-a
terized by high migration rates and/or high levels of human 
apital. Thereappears to be more losers than winners among sending 
ountries, however thelatter in
lude the largest 
ountries in terms of population size (e.g., China, India,Indonesia, Brazil). The impli
ations of these for
es for the evolution of the worlddistribution of in
ome will be derived in Se
tion 5.3 An Autarki
 E
onomyIn this se
tion we des
ribe an e
onomy when there is no migration. We 
onsideran overlapping generations e
onomy where in ea
h period t output, Yt, may beprodu
ed using two fa
tors of produ
tion, skilled labor,Ht, and unskilled labor Lt;7



under perfe
t 
ompetition. The levels of Ht and Lt are determined endogenouslyby the optimal de
isions of agents. Agents live for two periods and are endowedwith one unit of labor in their se
ond period. Agents are identi
al in all respe
tsex
ept for their level of ability, a, whi
h we will assume is distributed uniformlyover the unit interval, [0; 1℄ and independently of the ability level of their parent.To be
ome skilled an agent must be edu
ated at a 
ost to their parents. If theagent be
omes skilled, then agent i 
an supply gt + ai eÆ
ien
y units of skilledlabor, where gt is the rate of growth of frontier te
hnology. Otherwise the agentremains unskilled and supplies one eÆ
ien
y unit of unskilled labor. This impliesthat an in
rease in the rate of te
hnologi
al progress will in
rease the numberof eÆ
ien
y units a skilled worker supplies and will 
etris paribus in
rease therelative wage of skilled workers, as in Galor and Moav (2000) and Gould, Moavand Weinberg (2001).4 The level of te
hnology, At, in ea
h period is given andte
hnologi
al progress from one period to the next is related to the level of human
apital a

umulation in the e
onomy and so is also determined endogenously.We �rst set out the produ
tion fun
tion and fa
tor pri
es before analyzingagents' fertility and edu
ation de
isions and the e
onomy's dynami
s.3.1 Produ
tion and Fa
tor Pri
esIn ea
h period output is produ
ed using two fa
tors a

ording to a 
onstantreturns to s
ale produ
tion fun
tionYt = AtH�t L1��t (1)where Ht and Lt are the levels of skilled and unskilled labor in the e
onomy.De�ning ht � Ht=Lt; fa
tor pri
es for ea
h fa
tor are given by their marginalprodu
ts and hen
e wHt = �Ath��1t ; wLt = (1� �)Ath�t (2)Thus we 
an write wLtwHt = (1� �)� ht (3)3.2 Individuals' Preferen
es and Budget ConstraintsIn their �rst period of life individuals are dependent on their parent who de
ideswhether or not they be
ome skilled. As des
ribed above, skilled individuals 
an4For simpli
ity this paper abstra
ts away from the `erosion' e�e
t of te
hnologi
al progressanalyzed by Galor and Moav (2004). However an `erosion e�e
t', whereby a higher rate ofgrowth of te
hnologi
al progress has a disruptive e�e
t on 
urrent workers' produ
tivity whilealso having a positive e�e
t on future produ
tivity, 
ould easily be in
luded without qualita-tively a�e
ting the results of the paper by adding a fa
tor (1� "gt) to the expressions for theeÆ
ien
y units of labor supplied by skilled and unskilled workers.8



supply gt+ai eÆ
ien
y units of skilled labor while those remaining unskilled 
ansupply only one eÆ
ien
y unit of unskilled labor.Individuals make optimal de
isions over fertility, 
onsumption and the train-ing of their o�spring (Be
ker (1981)). Following de la Croix and Doepke (2003),(2004), Galor and Mountford (2006) and Moav (2005) the preferen
es of a mem-ber of generation t (i.e. an individual who is born in period t � 1) are de�nedover their 
onsumption in period t, 
t, and the total in
ome of their o�spring,dt+1; and are represented by the utility fun
tion.ut = 
�td1��t+1 (4)Individuals are assumed to be `small' and so take the wage rate and growth ratein periods t and t+1 as given. Individuals optimally allo
ate their time betweenlabor for
e parti
ipation and 
hild rearing. Denoting the time required to bringup skilled o�spring as, � s, and the time required to bring up unskilled o�springas, �u, where we assume that 0 < �u < � s < 1, the budget 
onstraint of a memberi of generation t; is 
t + wit(� snHt + �unLt ) � wit for i = s; u (5)where nHt and nLt are the measures of skilled and unskilled o�spring respe
tively.3.3 OptimizationAgents 
hoose a measure of time, n; to spend on fertility.5 For ea
h o�spring theparent must make an edu
ation de
ision. Sin
e ea
h family is a pri
e taker in thelabor market this amounts to 
hoosing a threshold ability level, a?t+1, su
h thatall o�spring with ability level above a?t+1 will be edu
ated to a skilled level, whilethose with an ability level of less than a?t+1 will remain unskilled.A member i of generation t's optimization problem 
an thus be written as thefollowingf
t; nt; a?t+1g = argmax 
�t (nt[wHt+1 Z 1a?t+1(gt+1 + ai)di+ wLt+1a?t+1℄)1�� (6)su
h that, for i = s; u;
t + nt[� s(1� a?t+1) + �ua?t+1℄wit = wit (7)The optimization gives the following optimal de
ision rules for 
onsumptionand fertility.5This is a sensible approa
h in the representative agent framework and is 
ommonly used inthe literature, see for example Barro and Be
ker (1989), Be
ker (1981), de la Croix and Doepke(2003), (2004) and Doepke (2005). 9




t = �wit (8)nt = 1� �� s(1� a?t+1) + �ua?t+1 (9)3.3.1 The Edu
ation De
isionOptimization with respe
t to a?t+1 implies that(wHt+1(gt+1 + a?t+1)� wLt+1)wHt+1 R 1a?t+1(gt+1 + ai)di+ wLt+1a?t+1 = � s � �u� s(1� a?t+1) + �ua?t+1 (10)Equation (10) provides an intuitive 
ondition for the parental edu
ational 
hoi
e.If the 
ost of rearing skilled and unskilled o�spring were the same, then it wouldbe optimal to edu
ate o�spring up to the point where the earnings of the marginalworker, with ability level a?t+1; would be the same whether s/he be
ame skilled ornot. However the extra 
ost of rearing skilled o�spring implies that parents willneed to get a greater return from edu
ation (i.e., the opportunity 
ost of edu
ationis the possibility of in
reasing fertility by (� s��u)=(� s(1�a?t+1)+�ua?t+1)): Hen
ein equilibrium it must be the 
ase that wHt+1(gt+1 + a?t+1) is greater than wLt+1:3.4 Te
hnologi
al ProgressWe assume, following Galor and Moav (2000), that the rate of te
hnologi
alprogress, gt � (At � At�1)=At�1 is an in
reasing fun
tion of the skill intensity ofthe e
onomy.6 That is:gt = �(ht�1); where �0(ht�1) > 0 and �(0) > 0: (11)3.5 EquilibriumIn this se
tion we des
ribe properties of the no-migration equilibrium using twopropositions whi
h show that there exists a unique equilibrium level of a?t+1whi
his de
reasing in the rate of growth of te
hnology.Proposition 1 In ea
h period there is a unique equilibrium level of a?t+1:6The assumption of a positive relationship between growth and human 
apital a

umulationis a 
ommon one in the literature, see for example Nelson and Phelps (1966), Findlay (1978),Barro and Sala-I-Martin (1995) and also Galor and Moav (2004), who provide an ex
ellentsurvey of empiri
al support for this relationship.
10
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tions and is labelled `supply' in Figure 3.Equation (3) 
an be writtenwLt+1wHt+1 = (1� �)� R 1a?t+1(gt+1 + ai)dia� (13)whi
h is a de
reasing fun
tion of a?t+1: This is the inverse ratio of inverse fa
tordemand fun
tions and is labelled `demand' in Figure 3.Figure 3 plots both these 
onditions and illustrates the equilibrium level ofa?t+1 2Proposition 2 An exogenous in
rease in the rate of growth, gt, in
reases theequilibrium level of ht :Proof. Equating equations (13) and (12), and rearranging gives,(1� �)� R 1a?t+1(gt+1 + ai)dia�t+1 �(gt+1 + a?t+1)(� s(1� a?t+1) + �ua?t+1)� (� s � �u) R 1a?t+1(g + ai)di� s = 0



Totally di�erentiating and rearranging gives the followingda?t+1dgt+1 = (1� �)(1� a?t+1)=�a?t+1 � �u=� s(1� �)[a?t+1(gt+1 + a?t+1) + R 1a?t+1(g + ai)di)℄=�a�2t+1 + (� s(1� a?t+1) + �ua?t+1)=� sHen
e da?t+1dgt+1 < 0 i� (1 � �)(1 � a?t+1)=�a?t+1 < �u=� s: Solving the integrals inequations (13) and (12), and rearranging shows that this will always be the 
asein equilibrium. Thus an exogenous in
rease in gt+1 redu
es a?t+1 and so in
reasesht+1. 2Corollary 1 An exogenous in
rease in the rate of growth, gt, de
reases the equi-librium level of nt :Proof. This follows from equation (9) and proposition 2. 23.6 Growth Dynami
s In An E
onomy With No Migra-tionProposition 2 shows that ht is an in
reasing 
ontinuous fun
tion of gt and fromequation (11) gt+1 is an in
reasing fun
tion of ht. Together these imply thefollowing �rst order di�eren
e equation for the growth rate of te
hnology,gt+1 = �(ht(gt)) (14)where from above it follows that dgt+1=dgt > 0.The dynami
 system may have multiple steady state equilibria. Multiplesteady state equilibria are 
ommon in models of fertility and growth and 
ano

ur in the models of Be
ker Murphy and Tamura (1990), Barro and Be
ker(1989), Kremer and Chen (2002) and Moav (2005). It is important to note thatin this model it is not that 
ase that all families in e
onomies in low steady stateequilibria 
onverge to a low level of edu
ation. Rather, as in Moav (2005), therewill exist both edu
ated and unedu
ated workers in ri
h and poor e
onomies, butin di�erent proportions. As dgt+1=dgt > 0 8gt it follows that steady state levelsof gt will be either stable or unstable as depi
ted in Figure 4.4 The E�e
t of Brain Drain Migration on Send-ing and Re
eiving CountriesIn this se
tion we will des
ribe the e�e
ts of a permanent brain drain on boththe sending and re
eiving e
onomies. We show that a brain drain 
an in
reasethe growth rate in both the sending and re
eiving e
onomies. We do this for ea
h
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s under multiple steady state equilibria.e
onomy separately. In se
tion 5 we put the two e
onomies together and analyzein a general equilibrium model the joint evolution of the in
ome and populationin the world e
onomy. To a

ount for the imperfe
t international mobility oflabor we assume for simpli
ity that migration is limited to a proportion, x%, ofthe re
eiving e
onomy's working population.74.1 The Re
eiving E
onomyThe permanent immigration of skilled workers to an e
onomy will have bothstati
 and dynami
 e�e
ts on the re
eiving e
onomy. The stati
 e�e
t redu
esthe proportion of indigenous agents who 
hoose to be
ome skilled workers andthis 
eteris paribus in
reases the fertility rate. The dynami
 e�e
t is for there
eiving e
onomy to 
onverge to a new higher steady state growth rate. Thishas a positive e�e
t on the proportion of agents who 
hoose to be
ome skilledworkers and a negative e�e
t on the fertility rate. Thus if the dynami
 e�e
toutweighs the stati
 e�e
t, the long run e�e
t of the permanent immigrationof skilled workers will be a raised level of human 
apital a

umulation, a lowerfertility rate and an in
rease in the growth rate in the re
eiving e
onomy. Wedemonstrate these results in the following subse
tions7This is a simplifying assumption but it is a realisti
 one and one whi
h we 
onje
ture wouldbe the equilibrium poli
y in a simple median voter politi
al e
onomy model of the re
eivinge
onomy where agents also re
eive utility from an exogenous publi
 good su
h as land.13



4.1.1 Stati
 E�e
tsThe immigration of skilled workers to an e
onomy will, 
eteris paribus, de
reasethe equilibrium wage of skilled workers. This will, 
eteris paribus, redu
e theproportion of indigenous agents who be
ome skilled workers and so in
rease thefertility rate. Nevertheless the proportion of skilled labor in the e
onomy, h, willin
rease as a result of the skilled immigration. This is shown in the followinglemma and 
orollary where we denote the equilibrium ratio of skilled to unskilledlabor after the immigration of M skilled workers, as hABD(M); where M is x%, ofthe re
eiving e
onomy's working populationLemma 1 The immigration of M skilled workers in the advan
ed e
onomy A,
eteris paribus in
reases the equilibrium ratio of skilled to unskilled labor, withhABD(M) an in
reasing fun
tion of M .Proof. Using Figure 5 and equations (13) and (12). Under an in
ow of Mskilled workers the equilibrium fa
tor pri
e ratio be
omeswLt+1wHt+1 = (1� �)� R 1a?t+1(gt+1 + ai)di+M(gt+1 + aM)a�t+1 (15)where aM is the average ability level of the immigrating workers. Thus the fa
torpri
e relationship (13) shifts upwards (i.e., the in
reased supply of skilled laborwill in
rease the equilibrium level of wLt+1=wHt+1 for every given level of a?t+1):The relationship between wLt =wHt and the optimal threshold level of a?t+1 forindigenous workers is not a�e
ted by the in
ow of skilled workers. Thus as Figure5 shows, in equilibrium the optimal level of at a?t+1 rises but so does wLt =wHt . Sin
ewLt =wHt = ((1� �)=�)ht this implies that ht also rises in equilibrium. 2Corollary 2 The immigration of skilled workers in the advan
ed e
onomy A,
eteris paribus in
reases the fertility rate, nt; of e
onomy A:Proof. From lemma 1 we know that an in
ow of skilled workers will in
reasethe optimal level of a?t+1 and hen
e from equation (9) the 
orollary follows. 24.1.2 Dynami
 E�e
tsFor every given level of gt; lemma 1 shows that the in
ow of x% skilled workerswill in
rease the equilibrium level of ht: This will in
rease gt+1 and so may leadultimately to a fall in fertility in the re
eiving e
onomy as the following lemmaand 
orollary demonstrate.Lemma 2 The permanent immigration of x% skilled workers in the advan
ede
onomy A, in
reases the equilibrium growth rate of e
onomy A.
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Figure 5: For a given growth rate, skilled immigration redu
es the proportion ofindigenous agents be
oming skilled.Proof. The in
ow of x% skilled workers in
reases the equilibrium level of ht:This implies that the dynami
 equation now be
omes gt = �(ht�1(gt�1; x)) whereht�1 is an in
reasing fun
tion of both arguments. Thus as depi
ted in Figure 6, apermanent immigration of x% skilled workers ea
h period shifts up the fun
tion�(ht�1(gt�1; x)) relative to �(ht�1(gt�1; 0)) and so in
reases the steady state rateof growth. 2This implies that if the growth e�e
t is suÆ
iently strong, permanent skilledimmigration 
an in
rease human 
apital levels and redu
e the fertility levels inthe re
eiving e
onomy. This is shown in the following 
orollaryCorollary 3 If the positive dynami
 e�e
t from permanent skilled immigrationoutweights the negative stati
 e�e
t then permanent skilled immigration 
an in-
rease human 
apital levels and redu
e the rate of population growth in the re
eiv-ing e
onomyProof. By example. Consider the e
onomy where � = 1=3; � s = 0:95; �u =� s=2; � = 1=3: Then if g = 0:01 then a?t+1 = 0:819 and n = 1:188: If there is a 1%in
ow of skilled immigrants ea
h period and g remains at 0:01 then a?t+1 rises to0:820 and n rises to 1:189: If however there is a 1% in
ow of skilled immigrantsea
h period and g rises to 0:5 then a?t+1 falls to 0:817 and n falls to 1:186: 2
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 e�e
ts of Brain Drain Immigration.4.2 The Sending E
onomyThe emigration of skilled workers may in
rease or de
rease the growth rate inthe sending e
onomy. The loss of emigrating skilled agents will 
eteris paribusredu
e the level of ht but the possibility ofemigration will also in
rease the in
entive to a

umulate human 
apital. Inthis se
tion we demonstrate that the latter e�e
t dominates the former if em-igration is limited and the wage gain from emigration is suÆ
iently high. This
ase has been analyzed in the literature before, see for example Mountford (1997)and Kanbur and Rapoport (2005), and the same intuition applies here.We will assume that the sending e
onomy takes the immigration poli
y of there
eiving e
onomy as given, so that ea
h level of x% of the working populationof the re
eiving e
onomy translates into a maximum number, M; of emigrantsfrom the sending e
onomy. We will also assume that the ability to emigrate israndomly allo
ated in the event that there is an ex
ess of quali�ed 
andidatesand so the probability of su

essful emigration, p, is equal to Mt=(1 � a?t+1)NBtwhere NBt is the population of the sending e
onomy in period t.88We are assuming that the re
eiving e
onomy 
an only observe the level of edu
ation of anagent not his/her level of ability, ai:This is a 
ommon assumption in the literature { see Beineet al. (2001, 2008) for dis
ussions on this point, and Yashiv (2006) or Gould and Moav (2008)for empiri
al eviden
e on the role of unobservable 
hara
teristi
s in determining the pattern ofself-sele
tion. 16



The fa
tor market equilibrium 
ondition under emigration now be
omeswL;Bt+1wH;Bt+1 = (1� �)� [R 1a?t+1(gt+1 + ai)di�M(g + (1 + a?t+1)=2)a� ℄ (16)where (1+a?t+1)=2 = aM is the average ability level of an emigrant and wH;Bt+1 andwL;Bt+1 are the skilled and unskilled wages in the sending e
onomy B.The individual agents' de
ision problem is also 
hanged by the possibility ofemigration. A member i of generation t now optimizes the following, taking fa
torpri
es and p as given.
�t (nt[(pwH;At+1 Z 1a?t+1(gAt+1 + ai)di+ (1� p)wH;Bt+1 Z 1a?t+1(gBt+1 + ai)di) + wL;Bt+1a?t+1℄)1��(17)where wH;At+1 is the skilled wage in the re
eiving e
onomy, e
onomy A. This ex-pression is maximized subje
t to the same budget 
onstraint, equation (7), andgives rise to the following optimality 
ondition for a?t+1;wL;Bt+1wH;Bt+1 = (p(wH;At+1 =wH;Bt+1 )(gAt+1 + a?t+1) + (1� p)(gBt+1 + a?t+1))(� s(1� a?t+1) + �ua?t+1)� s�(� s � �u)(p(wH;At+1 =wH;Bt+1 ) R 1a?t+1(gAt+1 + a?t+1) + (1� p) R 1a?t+1(gBt+1 + ai)di)� s (18)Note that sin
e wH;At+1 > wH;Bt+1 this relationship implies a higher level of wL;Bt+1 =wH;Bt+1for every level of a?t+1 than that in equation (12) for when there is no migration.Lemma 3 The possibility for M skilled workers to emigrate from the less ad-van
ed e
onomy, B, to the more advan
ed e
onomy A, in
reases the proportionof agents who 
hoose to be
ome skilled in e
onomy B.Proof. Using equations (16) and (18) and Figure 3. Noting that an in
rease inM shifts down the fa
tor demand relationship for wL;Bt+1 =wH;Bt+1 in equation (16)and that the fa
tor supply relationship for wL;Bt+1 =wH;Bt+1 in equation (18) is alwaysabove that for when there is no migration in equation (12) then using Figure 3 itfollows that the equilibrium level of a� will be lowered by Brain Drain emigration:2Corollary 4 The ability of M skilled workers to emigrate from the less advan
ede
onomy, B, de
reases the fertility rate of e
onomy BProof. From Lemma 3 we know that an out
ow of M skilled workers willde
rease the optimal level of a?t+1 in e
onomy B and hen
e from equation (9) the
orollary follows. 217



Whether the emigration of M skilled workers raises the equilibrium level of hin e
onomy B depends on whether the positive e�e
t of an in
rease in human skilla

umulation is stronger than the negative e�e
t of emigration. In the followingproposition we show that if wH;At+1 is suÆ
iently high for a given level of M thenthe level of h in e
onomy B will in
rease.Lemma 4 The possibility for M skilled workers to emigrate from the less ad-van
ed e
onomy B to the advan
ed e
onomy A in
reases the equilibrium level ofht in e
onomy B if the skilled wage in the advan
ed e
onomy, wH;At+1 ; is suÆ
ientlylargeProof. The fa
tor demand relationship for wL;Bt+1 =wH;Bt+1 in equation (16) does notdepend on wH;At+1 and is downward sloping in the (wL;Bt+1 =wH;Bt+1 ; a�) spa
e. Whereasthe fa
tor supply relationship for wL;Bt+1 =wH;Bt+1 in equation (18) does depend onwH;At+1 . Equation (18) 
an be rearranged to give,wL;Bt+1wH;Bt+1 = (p(wH;At+1 =wH;Bt+1 )[(gAt+1 + a?t+1)(� s(1� a?t+1) + �ua?t+1)� (� s � �u) R 1a?t+1(gAt+1 + a?t+1)di℄� s+(1� p)[(gBt+1 + a?t+1)(� s(1� a?t+1) + �ua?t+1)� (� s � �u) R 1a?t+1(gBt+1 + a?t+1)di)� s (19)whi
h implies that an in
rease in wH;At+1 in
reases this relationship and so in
reasesthe equilibrium ratio wL;Bt+1 =wH;Bt+1 for a given level of M: 25 The Evolution of the World E
onomyIn this se
tion we derive the general equilibrium joint evolution of the worlddistribution of in
ome per 
apita and population and show how brain drain mi-gration patterns 
an a�e
t this evolution. We assume a world e
onomy made upof two e
onomies A and B where the te
hnologi
al level in e
onomy A is higherthan that in e
onomy B; i.e. AAt > ABt : We begin in se
tion 5.1 by des
ribingthe dynami
s of te
hnologi
al di�usion in the world e
onomy. In se
tion 5.2 wethen des
ribe the evolution of the world e
onomy when there is no migration.We show when there is no migration that if e
onomies A and B are identi
aland tending to the same steady state growth rate, then the world distributionof population and in
ome will be stable. However if e
onomies are tending to-wards di�erent steady state equilibria, due to innate di�eren
es a
ross 
ountriesor multiple steady states, then although the world distribution of in
ome per
apita a
ross e
onomies will be stable, the world distribution of population willdiverge as poorer e
onomies grow large in terms of population. In se
tion 5.3 weanalyze three s
enarios for the e�e
t of the brain drain on the world distribution18



of in
ome and show how the brain drain 
an potentially in
rease divergen
e inthe world e
onomy. In 
ontrast to the 
ase in se
tion 5.2 with no migration, thebrain drain may 
ause two identi
al e
onomies that would otherwise 
onvergeto the same steady state growth rate, to diverge from one another in terms ofpopulation. We also show that if the brain drain in
reases the level of human
apital in the sending e
onomy suÆ
iently, it is possible for the brain drain toenable an e
onomy on a lower steady state growth path to 
at
h up with ane
onomy on a higher steady state growth path. Finally we demonstrate the pos-sibility for a brain drain to de
rease the skill ratio in the sending e
onomy. Weargue that the 
urrent evolution of the world in
ome distribution as des
ribed bySala-I-Martin (2006) 
an be seen as a 
ombination of these three s
enarios. Somelarge e
onomies with low skilled emigration rates may well be on a 
at
hing uptraje
tory while other e
onomies may be losers or only temporary gainers.5.1 Te
hnologi
al Di�usion in the World E
onomyWe assume, in the spirit of Findlay (1978) and Nelson and Phelps (1966), thatfrontier te
hnology di�uses from the most advan
ed e
onomy, A, to the less ad-van
ed e
onomy, B; with a lag.9 In keeping with the dis
ussion in se
tion1 we assume that this di�usion of te
hnology raises the level of te
hnology andin
reases the produ
tivity of both skilled and unskilled labor in an unbiased man-ner. This 
ontrasts with the growth of frontier knowledge whi
h following Galorand Moav (2000) is assumed to be skill biased.10 We follow Findlay (1978) andNelson and Phelps (1966) in assuming that the rate of di�usion is positively re-lated to the size of the gap between the te
hnologi
al levels in the two e
onomies,AA � AB, that is11 ABt = ABt�1(1 + gBt ) + �(AAt�1 � ABt�1) (20)where � > gB. As e
onomies A and B tend to their steady states, their growthrates gAt and gBt will tend to their 
onstant steady state growth rates, gA and gB:It is possible to extend this formulation by making � depend on hBt�1 or on thelevel of brain drain Migration, M: This is dis
ussed in se
tion 5.3.9See Keller (2001) for eviden
e on the importan
e of te
hnologi
al di�usion for te
hnologygrowth in developing e
onomies.10One 
an allow for di�used te
hnologi
al growth to be skill biased so long as the skill biasfor an e
onomy whose te
hnologi
al growth is strongly dependent on international te
hnologydi�usion is signi�
antly less than that for an e
onomy whose te
hnologi
al growth is 
ompletelydue to in
reasing frontier te
hnology.11See Basu and Weil (1998) for a dis
ussion of the issue of di�erent types of advan
es inte
hnology and on the importan
e of appropriate fa
tor endowments for te
hnology di�usion.19



5.2 Evolution of the World E
onomy Under No MigrationIn this se
tion we show that if e
onomies A and B are identi
al and tending toa unique steady state growth rate then the world distribution of in
ome will bestable. This is shown in proposition 3. However if e
onomies are tending towardsdi�erent steady state equilibria, then although the world distribution of in
omeper 
apita a
ross e
onomies will be stable, the world distribution of populationwill diverge as poorer e
onomies grow large in terms of population.Proposition 3 If e
onomies A and B are identi
al ex
ept for their initial levelsof population and te
hnology and are 
onverging to the same steady state rate ofgrowth, i.e. gAt = gBt , then the world will 
onverge to a stable equilibrium, witha stable in
ome distribution and a 
onstant proportion of the world population inea
h e
onomy.Proof. By assumption both 
ountries will have the same steady state equilibriumgrowth rate of te
hnology, i.e. gA = gB and so will have the same equilibriumlevels of human 
apital a

umulation and fertility. When both e
onomies haveattained their steady state growth rates, equation (20) 
an be iterated forwardto show that in the limit AAt = ABt and so there is no tenden
y for levels ofte
hnology in the two e
onomies to diverge, thus the proposition follows. 2Proposition 4 If e
onomies A and B are tending to di�erent steady state ratesof growth where gAt > gBt but are otherwise identi
al, then the long run worlddistribution of in
ome per 
apita a
ross e
onomies will be stable but the worlddistribution of population will be divergent as poorer e
onomies grow large interms of population.Proof. When both e
onomies have attained their steady state growth rates equa-tion (20) 
an be iterated forward to show that in the long run the te
hnologi
allevel of e
onomy B tends to a 
onstant fra
tion of that of e
onomy A;ABt = ��+ gA � gBAAt (21)Thus the ratio of the te
hnology levels in the two e
onomies will be stable. Giventhat both e
onomies will also tend to a steady state level of g and h this impliesthat the ratio of per 
apita in
ome in the two e
onomies will also be 
onstant.The fertility rates in the two e
onomies, however will be di�erent sin
e gAt > gBt :From proposition 2 and lemma 1 the rate of population growth in e
onomy Bwill be higher than that in e
onomy A and so e
onomy B will grow large in termsof population. 2.We illustrate the evolution of the world e
onomy des
ribed in proposition 4below in Figure 7. The �rst frame of Figure 7 shows the initial distribution of20
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Figure 7: The evolution of the world in
ome distribution under no migrationwhen the poorer e
onomy has a lower autarki
 steady state growth rate.in
ome in the world e
onomy of two e
onomies whi
h di�er only in their autarki
steady state growth rate. 12. The distribution is normed by setting the wageof unskilled workers in the advan
ed e
onomy to equal 100 in ea
h period. These
ond frame demonstrates the divergen
e of the world e
onomy over time andshows the world distribution of in
ome after several periods, one hundred in thisexample. It shows that although the ratio of skilled to unskilled wages within anda
ross e
onomies has not 
hanged, the numbers of people in the less advan
ede
onomy has grown by more than in the advan
ed e
onomy and hen
e that theworld distribution of in
ome is be
oming skewed towards the in
ome in the lessadvan
ed e
onomy.5.3 Evolution of the World E
onomy Under Brain DrainMigrationIn this se
tion we fo
us on three s
enarios to illustrate the potential e�e
ts ofthe brain drain on the world distribution of in
ome. We �rst show how a braindrain 
an 
ause divergen
e in the world e
onomy by 
ausing two e
onomies thatwould otherwise 
onverge to the same steady state level of in
ome and rate ofpopulation growth to diverge. We next show that if the brain drain in
reases12In this simulation � = 1=3; � = 1=3; �s;A = �s;B = 0:85; �u;A = �u;B = 0:6; and NA =NB = 10000: Finally the dynami
 equations are set su
h that e
onomy A is above a dynami
growth threshold so that gAt+1 = (hAt )0:5 while e
onomy B is below a growth threshold so thatgBt+1 = (hBt )0:5=1000 i.e. frontier growth in e
onomy B is pra
ti
ally zero. The te
hnologi
aldi�usion parameter is set to follow � = 0:3 + hBt�1 and the initial levels of te
hnology in thetwo e
onomies are AA = 10 and AB = 4:4:



the level of human 
apital in the sending e
onomy suÆ
iently, it is also possiblefor the brain drain to enable an e
onomy on a lower steady state growth pathto 
at
h up with an e
onomy on a higher steady state growth path. Finally wealso demonstrate the possibility for a brain drain to de
rease the skill ratio in thesending e
onomy. While the early literature fo
used on the last of these s
enarios(i.e., a brain drain being detrimental to the sending e
onomy { see, e.g., Bhagwatiand Hamada (1974)), the eviden
e presented above in se
tion 2 suggests that allthree s
enarios may be present in the world e
onomy.5.3.1 S
enario 1: Divergen
e with human 
apital gains in both e
onomiesWhen there is brain drain migration, proposition 3 no longer holds and so twoidenti
al e
onomies that would otherwise 
onverge to the same steady state equi-libria 
an 
onverge to di�erent steady state equilibria as a result of brain drainmigration. In this 
ase the brain drain will have 
aused a divergen
e in the worlde
onomy and will have in
reased world inequality of in
ome. It should be stressedhowever that in this 
ase the brain drain will also have in
reased the world rateof growth and so in
reased long run in
ome levels in all e
onomies of the world.This is demonstrated in the following proposition and 
orollaries:Proposition 5 If e
onomies A and B are identi
al ex
ept for their levels ofpopulation and te
hnology, where AAt > ABt ; the probability of emigration is suÆ-
iently low and the permanent skilled immigration redu
es the rate of populationgrowth in the re
eiving e
onomy as in Corollary 3, then the equilibrium of theworld e
onomy will be stable and have the following properties:(i) there is a permanent brain drain migration of agents from e
onomy B to e
on-omy A(ii) the level of output per 
apita in e
onomy B will be a 
onstant fra
tion of thatin e
onomy A(iii) the rate of population growth will be higher in e
onomy B than in e
onomyA:Proof. As the probability of emigration is suÆ
iently small, from equation (18),e
onomy B tends to its autarki
 equilibrium. From lemma 2 this implies thatgA > gB: If the permanent skilled immigration redu
es the rate of populationgrowth in the re
eiving e
onomy as in Corollary 3, then e
onomy A's rate ofpopulation growth will be below that of e
onomy B: Thus the equilibrium isstable: e
onomy A will maintain its lead in frontier te
hnology while e
onomy Bwill maintain its lead in population size. 2Corollary 5 In
ome inequality between 
ountries is in
reasing in the rate of22



brain drain migration in the neighborhood of the equilibrium des
ribed in propo-sition 5.Proof. E
onomy B is 
lose to its autarki
 equilibrium and so hBt 
an be treatedas a 
onstant and hen
e gB and � are 
onstants also. On
e e
onomy A is inthe neighborhood of its new steady state then hAt and gA 
an also be treatedas 
onstants and hen
e equation (21) holds. It follows that the ratio of ABt =AAtde
lines when gA in
reases. 2Corollary 6 World growth is in
reasing in the rate of brain drain migration inthe neighborhood of the equilibrium des
ribed in proposition 5.Proof. Growth in e
onomy A will in
rease from lemma 2 and growth in e
onomyB will in
rease from the te
hnology di�usion equation (20). 2Finally one should emphasize that Corollary 3 is a suÆ
ient but not a ne
es-sary 
ondition for su
h an equilibrium to be lo
ally stable. If e
onomies A andB di�er for exogenous reasons, su
h as multiple steady state equilibria, so thatunder no migration gA > gB, then it follows from 
orollary 1 that the rate ofpopulation growth in e
onomy B is greater than that in e
onomy A: Brain drainmigration will thus reinfor
e the pattern of relative te
hnologi
al growth ratesbut, if Corollary 3 does not hold, it will work against the pattern of relative pop-ulation growth rates. However as long as the population growth rate in e
onomyB is greater than that in e
onomy A then the equilibrium will still be stable.We illustrate this 
ase in Figure 8 where we simulate the evolution of theworld in
ome distribution for the 
ase where the initial te
hnologi
al levels inthe two e
onomies are AA = 10 and AB = 3:33, the level of immigration intoA is 0:1% of A's working population, � = 1=3; � = 1=3; � s;A = 0:85; �u;A =0:6; � s;B = 0:95; �u;B = 0:5; NA = 10000 and NB = 10000: Finally the dynami
equations are set su
h that e
onomy A is above a dynami
 growth thresholdso that gAt+1 = (hAt )0:5 while e
onomy B is below a growth threshold so thatgBt+1 = (hBt )0:5=1000 (i.e., frontier growth in e
onomy B is pra
ti
ally zero). Thete
hnologi
al di�usion parameter is set to follow � = 0:3 + hBt�1:Brain drain migration begins in period 6. The simulations show that the braindrain 
auses the skill intensity to rise in e
onomy A whi
h qui
kly 
onverges to anew steady state. The skill intensity in e
onomy B also rises as the in
entive toinvest in human 
apital is high sin
e the te
hnologi
al di�eren
e between A andB is large while the a
tual numbers leaving e
onomy B is small. This situationis stable as the population growth rate of e
onomy B is higher than that ofe
onomy A. The in
entive to invest in human 
apital in e
onomy B falls as theprobability of su

essfully emigrating falls. In the limit e
onomy B returns to its23



.5
.5

1
.5

2
.5

3h

0 5 10 15 20 25
Time

Skill Intensity in Receiving Economy

.2
.2

1
.2

2
.2

3h

0 5 10 15 20 25
Time

Skill Intensity in Sending Economy

Figure 8: A brain drain with in
reased human 
apital a

umulation in both thesending and re
eiving e
onomies but with divergen
e in the world e
onomy asthe sending e
onomy grows large in population size.autarki
 skill intensity while e
onomy A remains at its new higher skill intensity.Although in the long run world inequality will have been in
reased, as Figure 8shows, it 
ould well be that in the short run, the brain drain will have 
aused atemporary de
rease in world inequality due to the in
reased skill a

umulation inthe sending e
onomy. Despite in
reasing world inequality, by in
reasing the worldrate of growth, the brain drain will also have in
reased the long run in
ome of allagents in the world via te
hnologi
al di�usion.135.3.2 S
enario 2: Cat
hing Up Dynami
sIt is also possible for the brain drain to enable an e
onomy on a lower steady stategrowth path to 
at
h up with an e
onomy on a higher steady state growth path.Consider the 
ase depi
ted in Figure 4 where e
onomy A and B are pre
isely thesame ex
ept that E
onomy A is at a higher steady state equilibrium level of hwhi
h implies a higher steady state level of growth. If the brain drain in
reasesthe level of h in e
onomy B so that it rises above the unstable steady stateequilibrium level of h then e
onomy B will 
onverge to a new higher steady staterate of growth. This is the 
ase shown in Figure 9. 1413This 
ontribution of brain drain migration to a global publi
 good (knowledge, te
hnologi
alprogress) was emphasized by Grubel and S
ott (1966).14In this simulation � = 1=3; � = 1=3; �s;A = �s;B = 0:85; �u;A = �u;B = 0:6; and NA =NB = 10000: Finally the dynami
 equations are set su
h that e
onomy A is above a dynami
growth threshold so that gAt+1 = 0:75 while e
onomy B is below a growth threshold so thatgBt+1 = 0:7 and the te
hnologi
al di�usion parameter is set to follow � = 0:7:
24
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Figure 9: Cat
hing up dynami
s in the sending e
onomy due to brain drainmigration.5.3.3 S
enario 3: Human Capital Depletion in the Sending E
onomiesThe brain drain 
an also redu
e the skill intensity in the sending e
onomy. This
ase is depi
ted in Figure 10. As implied by lemma 4, if the te
hnologi
al gapbetween e
onomies is small, as is the 
ase between developed e
onomies, thereis little extra in
entive to a

umulate human 
apital in the sending e
onomy inorder to migrate. Nonetheless, skilled agents will still emigrate sin
e wages arehigher in the more advan
ed e
onomy hen
e the sending e
onomy will experien
ea redu
tion in its equilibrium skill intensity.A 
ounterfa
tual aspe
t of the model is that when the te
hnologi
al gap be-tween sending and re
eiving 
ountries is large, then human 
apital depletion doesnot o

ur ex
ept at very high probabilities of su

essful migration where the pop-ulation of the sending e
onomy de
lines signi�
antly. Nevertheless, human 
apitaldepletion would still o

ur in less advan
ed e
onomies at lower rates of skilledemigration if the extra in
entive to a

umulate human 
apital in order to mi-grate was 
ountera
ted by the inability of the sending e
onomy to easily expandits edu
ation provision.15 This 
ould be due, for example, to 
redit 
onstraints onhuman 
apital and migration investment, as we suggested in Se
tion 2 to explainthe lower skilled emigration rates in the poorest 
ountries.15In this simulation � = 1=3; � = 1=3; �s;A = 0:85; �u;A = 0:6; �s;B = 0:798; �u;B = 0:539;andNA = NB = 10000: Finally the dynami
 equations are set su
h that e
onomy A is above adynami
 growth threshold so that gAt+1 = 0:72 while e
onomy B is below a growth thresholdso that gBt+1 = 0:7 and the te
hnologi
al di�usion parameter is set to follow � = 0:7:
25
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Figure 10: Human Capital Depletion in the sending e
onomy due to brain drainmigration6 Con
lusionThis paper develops a model for the joint evolution of the world distribution ofin
ome per 
apita and the world distribution of population. It shows that whilethe distribution of in
ome per 
apita of e
onomies in the world will be stable inthe long run, the world distribution of in
ome may be divergent due to di�eren
esin population growth rates. Brain drain migration may exa
erbate this potentialfor divergen
e in the world e
onomy, although it should be stressed that whilebrain drain migration patterns 
an in
rease inequality in terms of in
ome per
apita between 
ountries and skew the world distribution of in
ome towards thepoorer e
onomies with higher rates of population growth, the brain drain is alsolikely to in
rease the growth rate of in
ome per 
apita in both the sending andre
eiving e
onomies.The paper shows that the emergen
e of the brain drain as a dominant patternof international migration is likely to reinfor
e the 
urrent evolution of the worldin
ome distribution as des
ribed by Sala-I-Martin (2006) through a 
ombinationof the three s
enarios des
ribed in se
tion 5. In the short run it is possiblefor world inequality to fall due to rises in GDP per 
apita in large developinge
onomies with low skilled emigration rates (e.g., India, China), as in s
enarios1 and 2, but in the long run, inequality in the world distribution of in
ome mayin
rease as relatively poor 
ountries grow large in terms of population.
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