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Recently, the European Commission has proposedttoduce a new migration policy
instrument - Blue Cards - to attract highly skilledrkers from abroad by lifting labour
market restrictions, offering financial and houslmnefits. The excludability character of
human capital suggests that what is beneficiatdoeiving countries might be harmful for
sending countries. This article investigates if and/ high-skill migration in general and
Blue Card scheme in particular might be harmful dending countries. We find that the
proposed Blue Card scheme makes the developingrgogmowth prospects indeed blue.
However, compared to other forms of labour migratibhe upcoming Blue Card scheme is
known well in advance. Analysing alternative polioptions we show that, taking
advantage of this ex-ante information, targetedtandd policy interventions can minimise
the adverse impacts of high-skill emigration. Thesmpared to other migration regimes
Blue Cards are worse for sending countries, but tfer better opportunities for them to

avoid the adverse impacts.
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1 Introduction

In October 2007 the European Commission adoptesht&raversial legislative proposal in
the area of economic migration. The proposal aitrsstablishing a Framework Directive
for admitting highly qualified workers to the EU loyeating a special Blue Card for third
country nationals. With the EU Blue Card schemeBhspean Union wants to attract the
best-qualified labour from the developing world, igéh is increasingly important to
overcome labour shortages in the ageing EuropeaionUrror example, the scheme
proposed by the European Commission would offetleskicandidates a fast-track
procedure to obtain work permftst would be made easier for them to work in anotke
country, have their family join them, receive pabfiousing and get long-term residency

status.

The proposed Card has two sides, however, and lhaadg provoked controversial
political discussions in the short period sincepitsposal in October 2007. On the one side,
the skilled labour attracted to the EU will certgitboost European competitiveness and
economic growth. This is clearly expressed by tresident of European Commissidosé

Manuel Barroso

"Skilled labour migration into Europe boosts ourngoetitiveness and therefore our
economic growth. It also helps tackle demographimbfems resulting from our ageing
population. This is particularly the case for higtskilled labour. With today's proposal for
an EU Blue Card we send a clear signal: highlylskilmigrants are welcome in the EU!"
(October 2007)

The other side of the Card is that it might harre tbss developed sending countries
(LDC), as it will increase the brain drain from @éping countries and make it even more
difficult for LDC to improve their innovative capit which, according to recent growth
theory findings, is one of the key drivers of tlomd-term economic growth. Although,

these and other potential impacts for the sendmgity competitiveness and economic

%In order to qualify for a Blue Card, the migrantrker would need an EU job contract of at least yesr
guaranteeing a salary of at least three times thamam wage in the country concerned plus healsuiance



growth is a largely neglected issue in the EU n8ngi countries, the EU Blue Card
proposal has been sharply criticised in the dewetpprorld. The Moroccan international

economic law professdrajeddine El Husseirbrings it on the point:

"This is a new form of colonisation, of discrimiiwat, and it will be very hard to find

support for it among southern countries. Developowuntries spend a lot of money
educating and training technical students and tirethe end the northern countries will
cream off the best... it is a big mistake and anoral act of the north to drain the south of
its brainpower."(October 2007)

Given that population migration is not a new pheana- it has existed for many centuries
in various forms and in one way or another hasctdté most regions around the world -
why would the EU proposed Blue Card cause so differeactions? Indeed, people have
been leaving poor countries not only to the EU memidtates, but also to developed
countries in North America and Asia-Pacific. Thegwsed Blue Card scheme in the EU,
however, is much more complex migration policy tlsamply opening ‘doors' for (poor)
people from the developing world. It will not oniglax quantity restrictions, which is
already harmful enough for the sending countriesaddition, the EU Blue Card will also
distort the self selection of migrants and distorigration incentives arising from labour

market prices and migration costs.

In view of these and other controversies, the pgeddlue Card raises several questions in
LDC. For example, what kind and size of socio-ecoimoimpacts of skilled worker
emigration can be expected? What are the bestigmlio cope with these migration-
induced effects? Because of the high relevancenedet issues on developing country
growth prospects, the present study tries to ansivese questions. The main objective of
this study is to systematically analyse potentigbacts of the proposed Blue Card scheme
on the key drivers of economic growth in the lesgadoped sending economies and, based
on the gained insights, to suggest appropriatecyoinstruments for dealing with

externalities caused by skilled worker emigration.

The rest of the paper is structured as followsséation 2 we graphically analyse how



skilled labour migration affects the key determitsanf national innovative capital: the
number of workers acquiring skills through eduaatitong-run net migration of skilled
workers, domestic knowledge creation activities] amernational knowledge spillovers.
Section 3 proposes and analyses policy optiongdating with adverse impacts of skilled

labour emigration, and section 4 concludes.

2 The impact of high-skill migration on sending country

Innovative capital

In this section we investigate the impact of highHltemigration on the key drivers of
economic growth in LDC. Applying the innovative @ap framework® we show

graphically and analyse theoretically how skillaBdur migration affects LDC innovative
capital: the number of workers acquiring skillsotingh education, long-run net migration of
skilled workers, domestic knowledge creation atigi and international knowledge
spillovers. We assume that the LDC sending courdryess developed than the EU
receiving country (EU) and hence wages in LDC areer than in EU. Wage differences,

Wﬁ@ @Wﬁ$ . trigger worker migration - driven by higher expsttearnings in receiving
country, skilled workers migrate from LDC to EU. gWiation induces adjustments in

innovative capital formation, which we analyse now.
2.1 Migration impact on education

We start with long-run open-economy education égyiiim, which determines the number
of workers acquiring skills through education. THeparture point of the long-run

education equilibrium analysis is Figure 14 in &gpendix, where the equilibrium share of
workers obtaining education is given Lﬁ and the equilibrium wage rate for educated

labour is given bywﬁr. Here we explicitly account for migration-inducadjustments in

education equilibrium. More precisely, we distirgjui between three sources of

*The underlying innovative capital framework is ed in the Appendix.
“The LDC sending country is denoted with superS(Smnd the EU receiving country with supersc Fot

Similarly, skilled labour is denoted with subscriH (human capital) and unskilled with subscrU
(unskilled).



adjustments: changes in skilled/unskilled wageorati home, skill downgrading effect in
EU, and education cost heterogeneity effect. A tfousource of migration-induced
adjustments in education equilibrium is remittanciésliquidity constraint in LDC is

binding.

First, we consider changes in relative wages in LD®nly skilled workers migrate or,

alternatively, if more skilled workers migrate thanskilled Li/Ly €LELT), then the
ratio of skilled/unskilled workers will decrease ilDC. A declining supply of skilled
labour compared to unskilled labour supply will x@n upward pressure on wage rate for
skilled labour. Increased skilled/unskilled wagep gaill induce additional unskilled
workers to obtain education. Thus, home wage adjsts will increase the long run

education equilibrium in LDC. The education effadt skilled/unskilled wage ratio is
shown in Figure 1. Without migration the equilibriwage of skilled labour inf and the
equilibrium wage of unskilled labour inf. With migration the skilled labour wage

increases t\Wi} . The wedge between skilled and skilled labour wiageeases.Because

of higher skill premium, more workers obtain ediarat

Second, we analyse the impact of EU destinatiomtcpuwage effect on worker education
decision in LDC® According to empirical evidence from the Westermdpean and North
American destination countrieSglt 1997), only a small part of highly skilled immigta
are employed in skilled jobs. The majority of sdllmigrants from LDC work in sectors
and jobs requiring little qualification, such asiaglture, transport or constructidrskill
downgrading of migrant work in EU affects the edigradecision of unskilled workers in
LDC. Because the majority of skilled migrants amepyed in unskilled jobs abroad, a
international reduced skill premium creates dismiees for unskilled workers to enter

education and acquire skills. As a result, leskillad workers want to become skilled.

*The exact magnitude of this wage ratio effect ddpeon the elasticity of unskilled labour demandFigure
1 the elasticity of unskilled labour demand is assd to be infinitely elastic. If the elasticity ahskilled
labour demand is inelastic, then the change imeskdnd unskilled labour wage is the same for both.
®Given that the acquired knowledge of skilled woskisrlargely wasted, in the migration literaturs thffect
is often referred to as a 'brain waste'.

"Data from the US and Swiss censuses show that fecdilabour segmentation in destination countigg
about one third of migrants from the Balkans wéttiary education have obtained skilled jobs.



Thus, foreign wage signal will decrease the equilib education in LDC. The skill
downgrading effect is shown in Figure 1. Assumihgttillegal skilled migrants qualify
only for unskilled jobs in EU, the skilled labourage in LDC is equal to the unskilled

labour wage rate in EU, i.e. WB@, which is determined by intersection of skillelie@al)
migrant supply S™, and skilled migrant labour demarD™, and equilibrium migration is

equal toL{i3. The stock of skilled labour in EU is not affectagimigration. Given that all
skills coming from LDC are wasted in EU, comparedtie EU Blue Card migration,
where skilled migrant workers were employed in lsHliljobs, LDC gains from illegal

migration (and the associated brain waste) in teshisuman capital in LDC: there is less

migration @ @LN € and more skilled workers stay LD®33 @LE' ¢ However, the

incentives for acquiring education in LDC also des| because wage rate of skilled labour

is lower in the case of emigrati(‘WS\ Fwi € As a result, less workers obtain education
@3 LT

Next, we look at the impact of worker ability hetgeneity. Workers are not equally

talented; they are highly heterogeneous in theirtyatto acquire education. In Figure 1

worker heterogeneity is represented by the slopthefskilled labour supply curvS.
The utility maximisation of workers implies that the presence of positive costs of
education, only the most talented obtain educafldms in turn implies that, on average,
those workers which were unskilled before migrasterted, are less talented than skilled
workers who have first obtained education, sugggsthat acquiring skills through
education will be more costly for the remaining kithsd workers. As a result, after
emigration of the most talented workers, LDC wale less skilled workers in equilibrium
than before migration. Thus, in the presence ofkeloheterogeneity, the emigration of
skilled workers has an additional negative impaet lmman capital creation through
education. The effect of education cost heteroggeresan bee seen in Figure 1. With

migration the wage rate of skilled labour increasdsch allows more individuals to
acquire education. Before migration the stock aflesk labour is La“, whereas with

migration the stock of human capital increasesLi” = L . Because the education cost



curve, 384, is upward sloping, the average cost of educadifter migration is higher,

s® S* S s* .
wh ewy HECY GIEC™ Hw] =Wy | As a result, for less workers it pays to enter

education.
Figure 1: The impact of migration on education
LDC sending country Migration EU receiving country
A A A o A \oF P
Dy Sz SH S" R
...................... 2 W
Whi2! Y Si RS
mm
L a b W DR
:IAVIUS" " \Dm H
3
f//
e
Wy Dy”
N N N
Lo 8 4% L L™ LS, Lug"Lrg" Lu" Lin™ er( L LY L LR,

Sty S st osn
L™ Lrr L™ Lz

Finally, we consider how education equilibrium iDC is affected by worker emigration
when liquidity constraint is binding. The key aspeere are rents which emigrants receive
in EU and, as other groups of migrants, remit patheir income received abroad to their
families in LDC. According t&Cox(1987), skilled worker remittances differ from kitied
worker remittances in at least two respects: qualitd quantity. On the one hand, highly-
skilled migrants remit less than unskilled becaslskbed migrants are more likely to settle
and to reunite with their family in EU. On the atliend, in contrast to unskilled worker
remittances, which are mostly spent for consumpgimods, remittances of skilled migrants
are more often invested in production, fixed assetd educationWorld Bank2000).
These findings suggest that skilled worker remdésnmay move upward or completely
remove the liquidity constraint of education. Aseault, more workers, particularly those

which were restrained from education by the ligyigionstraint, are able to acquire skills



through educatiof.The effect of remittances is shown in Figure 1gtdtion leads to an
increase in worker welfare by arab. Workers welfare increases because of remittances

(areab) and because of higher skilled labour wage in L@@aa). However, remittances
can also cause apposite effects. First, more reesunlleviate credit constraint of
individuals which in the long-run increases the cadion attainmentHdwardsand Ureta

2003). The result is a shift of labour supply frnSS to Si1 and migration frorrLli to
Lir, with L GIL{; . In the same time, because of lower skilled labwage the skilled

labour stock in LDC increases froLi to Lii, with L3 BILY:. Second, the moral
hazard problem may reduce education attainm@haifi Fullenkampand Jahjah 2003).

In Figure 1 the supply of skilled labour decredasem Si to Sz and migration fronL{

to Lil2. LDC's human capital stock decreases fLi1to L3, with L3 ©Lg5 .

Summarising findings of this section we may coneltidat, when accounting for induced
effects triggered by skilled worker migration, tbag-run education equilibrium will likely
be affected by four sources of induced adjustmentsducation equilibrium: changes in
skilled/unskilled wage ratio in LDC, skill downgrad effect in EU, education cost
heterogeneity, and the impact of remittances anidity constraints. Given that two effects
(the first and the fourth) have a positive impactworker education, and two negative (the
second and the third), it is impossible to a pra@iermine sign of the relationship between
skilled worker emigration and the number of workacgjuiring skills through education.
Moreover, for LDC a more important question is Wigetthe newly skilled workers stay in

LDC or emigrate, which we consider next.
2.2 Long-run net migration

Next, we consider induced feed-back effects of atign, which determine the long-run net
migration of skilled labour. The departure point @ir analysis is Figure 15 in the
Appendix, according to which the equilibrium migoat is determined by a trade-off

between expected increase in earnings and migraii@h. In the long-run migration

8According to theworld Bank(2000) about 80% of remittances in Albania godomhouseholds.



induces adjustments in relative wages, which aftbet equilibrium migration through
several channels. In addition to the direct braiaird effect, in this section we also
investigate the induced second-round migrationcesfechanges in relative wages in LDC

and EU and changes in migration cdsts.

Before considering the induced effects, we sumradhie direct brain drain effect of skilled
worker emigration on human capital stock in LDC. d®ve, because of exogenous cross-
country wage differences skilled workers migratarfrlow wage LDC to high wage EU.
The direct and most visible effect of skilled warkeigration is transfer of human capital
embodied in labout? Assuming, that skilled migrants transfer only euibd private
productive skills, the excludability character afnan capital suggest that the stock of
human capital in LDC is monotonically declininggkilled worker emigration. The direct
brain drain effect on LDC's human capital can beensin Figure 2, where migration is

equal toLl (middle panel). In equilibrium, LDC has less sl workers,Li", with

LE" WLY , compared to pre-migration.

In the long run, skilled worker migration affectages in LDC and EU and migration
costs, which in turn affect the migration decisitself. As pointed out in section 2.1, the
emigration of skilled workers will reduce laboumpgly in LDC. If labour demand does not
change'! a decreasing labour supply will exert an upwaesgure on wages in LDC. This
implies that changes in LDC's wages will narrow rimgration-driving wage gap between
LDC and EU, implying less migration in the long-rdrhus, wage flexibility has a positive

impact on human capital stock in LDC.

According toBorjas (1994), international labour migration affects oy wage rate in
sending but also in receiving country. The immigratof workers increases labour supply

in EU, which will exert a downward pressure on wadeower wages in EU will narrow

°In reality, there much more forces at work. For rege, the economic geography and urban systems
literature stress that because of agglomeration@uoe@s, firms in the larger region will be ablepiy higher
wages attracting in such a way even more workers. al¥stract from these effects, as we think that at
international scale they are less pronounced.

YGiven that the human capital embodied in skilledrkecs is draining out of country, in the migration
literature this effect is often referred to asraitb drain'.

YThis assumption is more likely to hold for tradagteds sectors than sectors producing non-tradyés.



the migration-driving wage gap between LDC and Bhaller wage differences will in
turn attract fewer migrants. Less emigrating sHlillgorkers imply higher human capital
stock in LDC. Thus, we may conclude that wage Beity in EU has a positive impact on

human capital stock in LDC.

Figure 2: The long-run migration equilibrium
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Both wage effects on high-skill migration are shawirigure 2, where migration equalises
the wage rate between LDC and EU. The wage effgoends on LDC's size - the larger is
the sending country, the bigger is the wage effieceEU. Migration from large LDC

decreases the skilled wage in EU frorrWE\g' to Wi (left panel in Figure 2). In LDC the
wage rate increases froWs to Wi In equilibrium the wage rate for skilled laboW

is equal in both countries and migration equaliLii, Because of LDC and EU wage
effects, equilibrium migration is lower than it wdibe without wage effects, as in the case

of a small sending country. If LDC is small thebdar migration does not affect skilled
labour wage in EU. In this case, skilled labour vag EU would be equal tWﬁ@, both
with and without migration, and skilled labour nation equals tcLiis. Compared to a
large LDC less skilled workers stay at hotLis, with L5 BL3 . Thus, if LDC is small,

the equilibrium migration is higher than if LDClarge ®j; @L{ ¢,



Workers care not only about the wage they may vedei EU but also about costs related
to migration Gjaastad1962). Thus, workers trade the expected incomease off these
costs. Workers migrate if the expected benefitsiragi from migration are higher than
migration costs? According to Carrington Detriagiache and Vishwanath (1996),
migration costs are decreasing in migrant stockft®C in EU. Declining migration costs
in turn widen the net wage gap between LDC and f&daing more migrant workers. The
effect of migration cost on skilled labour migraties shown in Figure 2. Equilibrium
migration with zero migration cotMC, is L} . With positive migration costs, the net wage
difference between LDC and EU decreases. In Fi@utkis is reflected by the shift of

skilled labour migration supply frorS™ to Syic. The difference betweeSic and S™

represents migration costs. The two cunS", and Sic, are not parallel because of

decreasing migration costs with increasing migrati@arrington, Detriagiache and
Vishwanath1996). In equilibrium the migration cost MC® and migrants receive the net
wage equal Wi, EW, =MC" € The net wage with migration cosWii., decreases
relative to the wage without migration cosWii , with Wi ®W, . The wage decrease is

stronger the higher is the elasticity of skilleidar migration demanD™, i.e. the smaller

is the effect of skilled labour migration from LO#D international skilled labour wage. The
number of migrating workers decreases frL{i to L{i,, with L @L{%, and skilled

labour in LDC increases froLy' to L75, with Li" BLE5 23

Summarising the potential impacts of skilled labauigration we find strong support to
previous literatureBeine Docquierand Rapoport2001;Lowell andFindlay 2001;Lucas

2004; Katseli Lucasand Xenogiani2006) that brain drain is strictly negative foman

2\igration costs include not only the physical reition costs but also employment uncertainty (wlisch
higher abroad than at home), social costs of lgafamily and/or friends behind, cultural adjustmeaosts
etc.

Bwith constant migration cos MC1 skilled labour migration supply shift fro S" to 3\1/}01. Because of
constant migration costs, now the two curS" to %q are parallel. The net wage Wﬂs, and the
number of migrants is equal 1Lﬂ3, which is less than migration with decreasing mlign costs,
ng Lﬂz_ The stock of skilled labour in LDC is equal Lﬁé which is higher than with decreasing

. . Sn Sr
mlgratlon COStSLHS ®LH2 .



capital stock in LDC. In addition we show that theg-run migration impact on the human
capital stock in LDC is determined by three addisioforces which are not present in the
short run: LDC's wage effect, EU's wage effect, athnges in migration costs.
Adjustments in LDC's wage rate and destination tglewage rate have a negative impact
on migration and, hence, a positive impact on huegrital stock in LDC. In contrast,
declining migration costs magnify the direct brdmin effect which, as discussed above, is

negative for human capital stock in LDC.
2.3 Migration impact on innovation

This section analyses the impact of skilled labaugration on long-run innovation
equilibrium which determines the amount of domedityccreated knowledge. The two key
determinants of national R&D activities is sizeboidget (government revenue) and budget
share spent on R&D. We show that skilled labourratign affects both size and structure
of government budget which in turn implies that &meigration of skilled workers affects
the long-run innovation equilibrium. In additionjgration affects also the R&D efficiency

of remaining workers.

We start with migration impact on size of governimemdget by considering the impact of
highly skilled labour migration on government reuen Before migration all workers
contribute to government budget through tax payme#fter migration less skilled
workers contribute to LDC tax revenue. Given tloait,average, skilled workers are higher
net contributors than unskilled workers, governmestenue decreases due to fewer
taxpayers:’ Lower tax revenue reduces government budget alpor less expenditure
on science, research and development, which in $lows down the accumulation of
knowledge capital. The fiscal effect of migratishown in Figure 3. Assume that the

wage which workers receive includes also taxes.alis®elute value of taxes paid by skilled

and unskilled workers itn andtu, respectively, whertn @ty . If taxes are paid as a

fixed rate of the gross wage then the absoluteevalutax paid by skilled labour with

“Because on average the wage rate for skilled weotkgher than for unskilled and the unemploymete ra
among skilled workers is lower, per capita, skillwdrkers contribute more to tax revenue than uleskil
workers.



migration, tH1, increases because of higher wi® &lty: ¢ Because the skilled labour
wage increases with migration, the tax revenueeames by are€. The total tax revenue
without migration is equal to areabcc, and to are:@de with migration. With migration

the number of individuals that pay taxes declinﬁzl-am zLﬁr, hence the government tax

revenue is reduced by arbc. If areabc is larger than are€, then tax revenue declines,
otherwise it increases. The relative size of tr@sas depends on the size of brain drain
effect, spillover effect, public technical knowleddransfer effect, unskilled labour

productivity effect and remittance effect.

Figure 3: The fiscal effect of migration
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Next, we show how skilled worker emigration affettie structure of government budget,
i.e., the share of R&D expenditure. Because of eatign skilled worker share in the total
workforce (and population) decreases whereas thge st unskilled workers increases.

Given that workers are also voters, the voting pavieinskilled workers increases relative

to that of skilled workers in the case of high-s&ihigration. If political interests of the two

*The increasing share of unskilled workers resuisnfthe assumption that the ratio of skilled/urieil
migrants is higher than the ratio of skilled/unigdldomestic workforce (positive selecti®grjas1987).



worker groups are different,shifts in the relative voting power between the tworker
groups will change the demand for specific policAdsch in turn may affect the structure
of government expenditure in LDC. In the case allesk worker emigration, a shift in
relative voting power towards unskilled workers \Webresult in a higher demand for social
redistribution policies and less future-orientedeistment (e.g. R&D expenditure). Lower
government expenditure share on research and geweld would in turn slow down the

accumulation of knowledge capital in LDC.

The migration impact on government expenditure céting is shown in Figure 4. In

equilibrium without migration marginal political gport is equal to marginal political costs
and the total policy transfers aTR". The equilibrium redistributive and growth related

policy transfers arTR: and TR, respectively, wher TRe [=TR; BITR' | with migration
the stock of skilled workers declines hence redytive number of individuals who would
benefit from growth oriented polices. This impliésit public spending on knowledge will

produce smaller political support with migratiorathwithout migration. In Figure 4 this

effect shifts curveMPSk down to MPE( | Additional public money spent on knowledge

creation will produce less additional political papt. Consequently the aggregate marginal
political support shifts down as well froMPSa to MPSR | The equilibrium marginal
political support iEsMPE™ and the equilibrium total policy transfers deceefiem TR’ to

TR™, This implies a reallocation of public spendingvimen transfers on knowledge

creation and redistributive transfers. The equilifor redistributive transfers increase from

TR: to TRY, while growth related transfers decrease frTR¢ to TR, because of
decrease in relative political benefits from knadge and redistribution. Migration affects

also marginal political costMPC, because the number of individuals that pay tages

reduced which requires higher tax rates to riseséame government budget as before
migration. In Figure 4 this effect shifts the mai political cost curve fronMPC+ to
MPCT . Comparing to the pre-migration situation, withgraition the equilibrium transfers

decline fromTR' to TRY' | because it is politically more expensive to tiees.

®*ysually, the demand for social redistribution piglicis higher by low-paid unskilled workers, whese¢ae



Figure 4: The impact of migration on political elguium
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Finally, we consider the scale effect of nationa&[R activities. According to the
knowledge production function oRomer (1990), new knowledge is produced using
existing ideas and human capital resources seakibhgiew ideas at a point in time as
inputs (equation (3) in the Appendix). The earlidistoveries are those ideas that require
the least amount of scientific knowledge. Subsetjdéstoveries are harder and require
more resources. According #bdih and Joutz (2006), the larger the number of people
searching for ideas is, the more likely it is tdaplication or overlap in innovation would
occur. As a result, doubling the number of reseashthe number of unique ideas or
discoveries is less than double, and halving areertian half. The duplication in research
or the 'fishing out' effect might be offset by tlse&anding on shoulders' effec@gballero
andJaffe1993). The decreasing returns of innovation outyith respect to the number of
people seeking out new ideas suggest that the ataigrof skilled workforce might

increase the innovative output per researther.Figure 4 the marginal political support of
public spending on knowledge shifts frcMPSk to MPS:; . Consequently, the aggregate

marginal political support shifts up frolMPSa to MPSEx; . The equilibrium marginal

demand for government investment in research anelalement is higher by skilled workers.

"The ‘fishing out' hypothesis is consistent with tteservation made byones(1995) that although the
number of research scientists and engineers hasaged significantly over the post-war period theas
been no accompanying increase in the rate of eciengnowth in the U.S. economy.



political support isMPS5' and the equilibrium total transfers increase fiTR to TRy
There are important reallocation effects betweelicypdransfers on knowledge creation
and redistributive transfers. Because of higheatired political benefits from investment in

innovation than from redistribution policies, theudibrium redistributive transfers

decrease fror TR to TR, while growth related transfers increase fiTR to TRG

Findings from this section suggest that skilled keoremigration affects both size and
structure of government budget, as well as theieficy of national R&D activities. This in
turn implies that, at least indirectly, the emigratof skilled workers affects the long-run
innovation equilibrium. If the share of skilled wer in migrant population is higher than
in home population, and political preferences afferént between skilled and unskilled
workers, then both fiscal effects (size and stm&tulecrease the domestically created
knowledge capital. In contrast, if the ‘fishing 'oeffect dominates the 'standing on
shoulders' effectGaballeroandJaffe 1993), then the R&D efficiency effect has a positi
impact on knowledge capital in LDC. These findiadjsw us to conclude that in the long-
run skilled labour migration will likely reduce thetal creation of knowledge capital but

might increase the innovative capital output perk&oin LDC.
2.4 Migration impact on knowledge spillover

This section analyses the impact of skilled labougration on knowledge spillovers
between LDC and EU, as it co-determines the amotikhowledge capital is available
domestically. The equilibrium level of knowledgallgwer is determined by two opposite
forces: the advantage of country backwardness andty's absorptive capacity. Skilled
worker migration affects the absorptive capacityotigh three channels: human capital
capacity and ‘'adaptive' research capacity, and ctb& of international knowledge

transmission.

The availability of highly skilled workers largebjetermines country's capability to adopt
foreign technology and to use imported ideas in &mowledge capital creatiokatonand
Kortum (1996) find that country's level of education @aysignificant role in the ability to

absorb foreign ideas. These results suggest thararon of highly skilled workers



decreases country's ability to benefit from knowkedpillovers, because of less skilled and

educated workers able to apple apply the inconongign knowledge.

In addition, country's absorptive capacity depamdgvestment in adoptive R&D which in
turn depends on the size of domestic workforcepégers):® According toGeroski(1995),
the size of national R&D expenditure is importaat anly for own innovation production
but also for 'adaptive' research activities, beeau®rder to be able to adopt or improve the
knowledge generated by other countries, a courdsyth invest in 'imitative’ or ‘adaptive’
research activities. Indee@eroskis argument has sample empirical validation. Amfir
level the econometric studies @bhenandLevinthal (1989) illustrate that the firm's own
R&D activity enhances its absorptive capacity afamations generated by other firms. At
country levelGuellecandvan Pottelsbergh€2001) tested this hypothesis by interacting
foreign R&D with business R&D intensity for eachuotry. Their results show that the
impact of domestic R&D intensity on the elasticity foreign R&D is positive and
significant. These findings suggest that nationlasoaptive capacity is increasing in
‘adaptive' research activities and decreasing illeddabour migration, which reduces tax

revenue for such activities.

The effect of declining absorptive capacity is shaw Figure 5. With migration country
absorptive capacityAC, declines, because there are less skilled wotkettscan use the
knowledge coming from EU. As a result, tAC curve shifts down fronAC to ACi1. The
knowledge spillover possibility frontier changesrfr HJE to HIC implying that there will
be less knowledge exchange. Up to the relative \WE/WT migration does not affect the
knowledge spillover possibility frontier. Abo\WF w3 (i.e. if the country is poorer), the

absorptive capacitAC, and the knowledge spillover possibility fronteclines.

Figure 5: The impact of high-skill migration on kmedge spillover

Baccording toMansfield (1981), on average imitation costs are about 65emé of the original innovation
costs.
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Next, we consider how skilled labour migration affe knowledge transmission costs.
Among the first who employed patent citations foudying the issue of cross-border
mobility of knowledge wagdaffe et al(1993). They find that a patent is typically 303@
percent more likely to cite other patents whoseimtors reside in the same country, than
patents from other countries. This suggests thasseborder mobility of knowledge is
limited and that knowledge spillovers are spatidtigalised. Kapur (2001) finds that
skilled worker migration facilitates the spillovef knowledge through business contacts
and spread of information in destination counttfeBased on these findings we may
conclude that skilled worker migration increasesowdedge spillover from migrant

destination countries to their home countries. igufe 5 lower knowledge transmission
costs shift up thAB:1 curve toAE. The knowledge spillover possibility frontier gkifrom
HJE to ADE. The impact of decreasing knowledge transmissiosiscon knowledge
capital can be seen in Figure 12. Assume that rihiali skilled labour demand iDi1,

unskilled labour demand iD5: and skilled labour supply iSi1. Because of lower
transfer costs more public knowledge is transfeteetiDC, which increases productivity

of skilled and unskilled labour. In Figure 12 trespective demand curves shift up from
Df: to D for skilled labour and fronD5: to D§ for unskilled labour. Because of

unskilled labour wage increase, skilled labour $yishifts up fromSh1 to S As a result,

In migration literature this effect is known asspara effect.



the wage rate for skilled labour increases fiW; to Wi and migration decreases from
Li: to Lim, with LY &L . Because of higher skilled labour wage, the skilebour

stock increases frolL: to Li', with L @LR] .

Figure 6: The impact of high-skill migration on kmedge expenditure allocation between

knowledge creation and knowledge adoption
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In addition, labour migration may also affect tla¢io of national/international knowledge
spillovers. Given that the number of researchecsedses in country size, the probability
that the peers with whom skilled workers interactréases in worker emigration. If
international ideas are more valuable than natimleas, then knowledge output per worker
will increase.Guellec and van Pottelsbergh€2001) test this 'size effect' hypothesis by
interacting foreign R&D with an indicator of coupsize and find that smaller countries do
benefit more from foreign R&D than larger ones. Hwer, the increasing international
knowledge spillovers might be offset by decreasimgfional knowledge spillovers.
Therefore, the net effect of the changed natiomabhational knowledge flows will
unlikely be significant and, in presence of pogitknowledge transmission costs between

countries, it might be even negative.

High-skill migration also affects government expéme allocation between innovation



(knowledge creation) and knowledge adoption. Asstimé LDC's equilibrium allocation
of TR between new knowledge and absorption is at {Diint Figure 6, corresponding to
TR and TR MTR «TR ¢ respectively. High-skill migration reduces thesatptive
capacity. As a result, the marginal new knowledge,cMKn, and marginal absorbed
knowledge gainMKa, decreases by shifting downward frctMKns to MKz and from
MKas to MKas. As a result, the equilibrium allocation of knodige transfers is TR\,

which is inefficient. MKas at point O is larger tharMKnz at point P. Allocating more

transfer to absorption than to new knowledge irseatotal knowledge. The new
allocation equilibrium o TR is at pointd in Figure 6. In equilibrium more is invested in
knowledge absorption technologicTRL , with TRy, HTR; £ TR, ®TR¢ =TR;, and
less is invested in new knowled(TR%, with TR GTRw. Overall, the optimal

allocation of TR¢ for different levels of country development shiftswn from BDE to
FJIN 20

Summarising findings from this section we may cadel that skilled labour migration
affects knowledge spillover between LDC and EUeatst through three channels. Two
effects might restrict international knowledge lgwérs: human capital capability to adopt
imported technologies and national R&D expenditime'adaptive’ research activities in
LDC. The third effect, which rather facilitates embational knowledge infusion is
knowledge transmission cost effect. Presence ofkmawledge diffusion limiting forces
and one augmenting effect does not allow us to ngekeral predictions about sign of the

relationship between skilled labour migration amigtinational knowledge spillovers.
2.5 Theimpact of Blue Cards on innovative capital

In Sections 2.1 - 2.4 we have analysed long-runastgp of skilled labour migration on

innovative capital in LDC. In the above analysis Wwave implicitly assumed that

2For the sake of simplicity we implicitly assumettkaowledge creation transfe\TF§ , do not change with
country development. This is equivalent with theec# all variables are represented in percenthgees
instead of absolute values.



quantitative migration restrictions are either eadde.g. illegal migration) or have been
removed through migration policies, such as the Buk Card. The proposed EU Blue
Card scheme will, however, not only relax quantiggtrictions to labour markets in
receiving countries, it also foresees an activeurgnent policy in LDC offering highly
skilled migrant workers job contracts, fast-tradlogedure for work permits and special
financial and housing benefits in the EU receiviogintries. Thus, in addition to removing
guantity restrictions, which already is harmful egb for the sending countries, the EU
Blue Card will also distort the natural self selectof migrant populationBorjas 1987)
and distort migration incentives arising from labpuces and migration costSttaubhaar
1986).

First, the proposed Blue Card scheme is an unpeetigdselective and discriminatory
policy instrument, because the EU aims at attrgctiot labour in general (which under
certain circumstances might be even beneficialsending countries), but only the best-
qualified workers from the developing countries. bddition, according to the
Commission's proposal, the EU Blue Card could beked if its holder lost his or her job
and was unemployed for more than three months. ashanism implies a double-
selection. In a first stage, only the most skilledrkers will be selected from the total
workforce in LDC and recruited in the EU. In a sadstage, only the most talented and
successful of recruited migrants will be allowedstay and work in the EU, the rest of
migrants will have to return to their home courdradter exceeding the maximum period of
unemployment. The proposed Blue Card is discrironyatbecause it targets especially
young workers. For example, those highly skilledrkeos which are under 30 years old
would need to earn only twice the minimum wage écehtitled to the scheme. Moreover,
governments could decide to waive the salary requent altogether, if the potential
migrant is young enough and skilled enough. Thashfghly skilled young migrants, it
will be considerably easier to obtain the EU Bludthan for older workers with average

skills.

Second, the proposed Blue Card will also distaerimational labour market price signals.
In absence of quantity restrictions for highly Edl workers (which the EU Blue Card will

remove), workers base their economic migrationgiecion the net wage difference, which



results from the expected income increase minusatiog costs. The proposed Blue Card
will affect migration costs and, hence, the net evalifference and migration decision.
Active recruitment policy in LDC, fast-track proeed to obtain work permits for highly
skilled and single application procedure proposgthle European Commission will lower
the transaction costs. In addition, the EU BluedClaolders will be treated favourably
regarding tax benefits, social assistance, paymwiepénsions and access to public housing
in the receiving countries. Thus, by reducing tfagaction costs of relocating between
countries, the EU Blue Card increases the net \yagebetween the poor sending countries

and rich EU destination countries.

Table 1 compares the impact of different migratiegimes on innovative capital in LDC.

The impact of high-skill emigration on worker edtioa through the skilled/unskilled wage
ratio is positive under either migration regime.eTimpact of brain waste on worker
education (2.1) is strongly negative under illegagration regime (ILF' negative under

open economy migration regime (OE), and positiveéenrthe EU Blue Card scheme (BC).
This difference is due to the fact that under Blleskworkers are employed in skilled jobs
in the destination countries. BC has the strongegttive worker heterogeneity impact on
education, as BC is more (double) selective tharand OE. Education remittances are
always good for human capital, though their sizghhbe limited under IL due to lower

earnings and missing opportunities to legally rethié earned money through bank

transfers or exiting/entering the country.

Brain drain is always negative for human capitalLiDC (2.2), though it is more sizeable
under BC due to double selection of most skillegwdrd pressure on wages in sending
country and downward in receiving is positive f@C's human capital. The positive effect
is lower under BC, as migrants are employed indrigiaid skilled jobs compared to IL and
OE. Declining migration costs magnify the negativgact of high-skill emigration. The
negative impact is higher under BC, which reduessdch, uncertainty and social costs of

migrants.

Table 1: The impact of different skilled labour magion regimes on the sending country

ZBased on th&thiers (1986) economic foundations of illegal immigoati



innovative capital

lllegal Open Blue Card
migration economieé scheme

2.1 Worker education

Skilled/unskilled wage ratio ¢ ¢ €
Brain waste ¢
Skill/ability heterogeneity @ @ €
Education remittances D ¢ €
2.2 High-skill migration

Brain drain @ €
Wage in sending country ¢ € €
Wage in receiving country ¢
Migration costs @ @ €
2.3 Domestic innovation

Innovation budget size €
Innovation share in budget ¢
R&D returns to scale L7 7 7
2.4 Knowledge spillover

Stock of absorbing workers €
Absorptive research capacity 4
Knowledge transmission costs @ €
Aggregate growth impact Low Medium High
Migration known a priori No Yes Yes

ERemoving only quantitative highly skilled migratiaestrictions. ¢ strongly positive

impact on sending country innovative capital, positive, 2 ambiguous,® negative,¢
strongly negative.

The emigration of highly skilled workers has a riegaimpact on domestic innovation
(2.3) both through declining government budget simting expenditure structure under IL
and OE, and a strongly negative under BC, whicdus to higher selectivity between
highly skilled and age-biased restrictions. Theastpf R&D returns to scale depends on
country characteristics depending on which highi-gkmnigration may affect knowledge

capital in LDC both either positively or negatively

The absorptive capacity of international knowledgélovers (2.4) is decreasing under all

three migration regimes. Declining absorptive cégas negative for knowledge capital



under IL and OE, and a strongly negative under B&tause of higher fiscal and brain
losses. Declining transmission costs increase LDXDBwledge capital. The effect is
positive under IL and OE, and a strongly positiveler BC, which is due to legal and

skilled employment status and more business canteith highly skilled natives in EU.

The results reported in Table 1 suggest that, [secatisupplementary (adversely selective
and distortionary) measures, the EU Blue Card kalim the innovative capital and hence
the long-term growth in LDC considerably more thaher forms of labour migration,

because of higher migration incentives adverseseteof migrants.
3 Sending country policy options

From previous sections we know that the EU BluedCscheme has been announced
(section 1) and that it will likely have negativepacts on the less developed sending
country innovative capital (section 3) and henaagin (section 5). What can the potential
sending countries do against the negative impadtg? there any policy options for

mitigating the adverse impacts of high-skill migsa? We aim to answer these questions

in the present section.

Migration policy options in LDC have been investagh in several studies (e.gbella
1992; Lowell and Findlay 2001). Usually, studies of international labouigration issue
policy recommendations for sending countries sushoatax migrantsBhagwati 1976),
improve the economic situatiobdwell andFindlay 2001), encourage investment and trade
(IMF 2007). Although efficient from the internationabbur migration theory's viewpoint,
often they are of little help for LDC policymakerBhere are two main reasons why the
suggested migration policies are seldom implemeintgutaxis: either they are too general
(e.g. improve the economic situation), or politigahfeasible (e.g. Bhagwati tax), or both.
In this study we aim to address both migration gylissues. The innovative capital
framework adopted in the present study allows udetive and assess specific migration
policy measures and, in the same time, accountpfditical feasibility constraints.
Moreover, it allows us to identify potential poliaypacts on innovative capital in LDC as

well as its costs.



In section 2 we have shown that in the long run ¢hagration of skilled workforce
decreases the stock of innovative capital in LD©@ugh various channels. In light of these
findings and the fact that, innovative capital msimportant source for economic growth
and development, LDC will likely want to reducefeiinate the adverse effects caused by
the skilled worker emigration. Therefore, in thdippanalysis throughout this section we
explicitly assume that the main policy objective bDC is economic growth and

development and, hence, to maintain (augment)dtiemal innovative capital.

Generally, the set of policy options availabledchieving this goal is wide. However, their
implementation largely depends on policy constgirih the context of skilled labour
migration, we identify three key policy constraing®vernment budget constraint, political
equilibrium, and country openness. For examplethdre would be no restrictions to
government expenditure, then LDC's government csuttply increase the wage rate to
EU level, and there would be no incentives for ecoically-driven emigration. Similarly,

if staying at power was not a government objectilien it could infinitely increase the tax
rate for unskilled labour, decrease for skilledd @ime human capital stock in LDC would
increase. Third, if country's openness would beokicy option, then government could
isolate the country from the rest of the world, dhere would be not international labour
migration in autarky. Obviously, all three scenariare unrealistic in a real world.
Therefore, in order to account for feasibility betproposed migration policies, which we
will suggest in this section, in the following poti analysis we assume that LDC's
government can neither change the budget balangetfeough foreign borrowing), nor
depart from political equilibrium, nor change treintry's openness. In light of these three
policy constraints and government objective to n@mor increase the national innovative
capital, we propose alternative migration policgtinments and graphically analyse their

impact on innovative capital in LDC.

Figure 7: Migration policy implementation optiomsliDC sending countries
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We regroup all policy instrument!s...In, of addressing high-skill migration into three
groups: complete information policies, migrationusa policies, and migration impact
policies (see Figure 7}. Complete information policies enable implementatiof

migration cause policies in ex-ante period, migratcause policies address drivers of
migration (causes), and migration impact policiesnpensate for human capital and/or
knowledge capital losses through high-skill emiigrat Government has two options when
to implement these policies: (i) ex-ante - whenrhksgill migration has been announced,;
(ii) ex-post - when high-skill migration has staltdf talent emigration has not started yet,
but is likely in the future, then government weitjfe costs of implementing complete
information and migration cause policies and chosifieer the ex-ante information-cause
policy bundle or the ex-post cause-impact policpdle (see Figure 7). If talent emigration
has already started, then government can only i migration cause and migration
impact policies in order to maintain the natiomalavative capital and to eliminate causes

of worker migration.

Figure 7 shows a two-stage decision making of sendountry government. In a first

Zplternatively, they might be thought of as innovaticapital creation and innovative capital atta@cti
policies.



stage, depending on policy implementation costs eadnte availability of information,

government chooses either the ex-ante informatiuse policy bundle or the ex-post
cause-impact policy bundle. Implementing only cosbtplinformation and/or migration

impact policies would not stop the emigration. lexpenting only migration cause policies
is not feasible in the ex-ante period, whereashi@ éx-post period they would not
compensate for innovative capital losses causedidiy-skill migration. In a second step
government chooses between policy instrumentshénfallowing we analyse impacts of

the three types of migration policies starting wattmplete information policies.
3.1 Completeinformation policies

The main objective of complete information policiedo enable ex-ante implementation of
migration cause policies. Per se, they do not aftldmour migration. According to Figure
17, policy equilibrium is determined by politicatgferences of workers/voters subject to
government budget balance. The policy equilibriusiofvs from a trade-off between
marginal political costs and marginal political béts. Information completeness affects
political preferences of workers and, hence, thkcypaquilibrium. Given that workers
form their political preferences on the basis of Hvailable information about potential
costs and benefits of alternative policies, theritémporal and inter-group completeness
of information about the upcoming migration and pistential impacts is crucial for
political feasibility of migration cause policieshich address a future situation. To see the
role of information asymmetries, we compare twagyoequilibriums: (i) workers do not
have complete inter-temporal information about tipeoming high-skill migration and

their potential impacts; and (ii) workers have cégtginformation about it.

First, consider a situation when only governmens kamplete information about the
upcoming Blue Cards and their potential impactsveifare, but not workers. If LDC is in
political equilibrium, no further policy actions earfeasible, because according to the
available information to workers, they believe tlaty new taxes and policy transfers
would make them worse off. As a result, governmesd no incentives to change the
current policies, as any policy changes withoutev@upport would distort the political

equilibrium making government worse off. Thus, ibrkers/voters have no information



about the upcoming high-skill migration, governmeéoes not adjust policies, because it
cannot improve its present welfare, even if infrmed about the upcoming migration. In
other words, government is locked in a 'politicadibility trap' and cannot implement
migration cause policies before the migration hasted. Binding political constraints are
one of the main reasons, why in most less develgpeding countries migration policies
cannot be implemented a pridti.

Second, consider a situation when workers in LDG/eh@omplete inter-temporal
information about the upcoming high-skill migrati@md its potential impacts. Future
information will change current political preferesc of voters, because workers (and
government) maximise not only the present but théstime utility. Altonji and Card
(1991) identify two types of possible changes: asmijients in voter groups, and adjustments
in voting behaviour within groups. First, compléormation about the EU Blue Cards,
migration opportunities, migration costs and waigebe destination countries will create a
new voter group - potential migrants. Because &edint interests, the voter group of
skilled workers will split into two separate votgroups: potential migrants and non-
migrants. Second, whereas the potential migrantsgrakilled workers have no incentives
to change their voting behaviour (they are inddféras they would benefit also from the
cross-country wage differences as soon as the tiwgratarts), the non-migrating skilled
and unskilled workers will adjust their voting belwur. Complete information about
potential impacts triggered by the upcoming skilledrker emigration increases their
political support for policies reducing incentivelsiving skilled worker emigratioft:
Increased support for immigration policies shitte tpolitical equilibrium - the welfare
maximising government will implement migration caupolicies, which maximise the

inter-temporal lifetime utility function of both gernment and non-migrating workers.

Based on these findings we may conclude that teteporal and inter-group completeness

ZSimilar logic applies also to the receiving cousgriFor example, it is well known that labour miigna in

general and skilled labour migration in particulaereases the receiving country welfare. Howeveraose
of political constraints (e.g., right-wing partyegsure), most of the old EU member states do nen tpeir
labour markets to CEE workers.

#Theoretically, providing information about upcomiagportunities could trigger migration. Howevenei

that the Blue Cards scheme itself contains acteeuitment measures in the sending countries, dtenpal

migrants will be informed anyway.



of information about the upcoming high-skill migoat and its potential impacts

determines feasibility of migration cause policiegshe ex-ante period. If government has
information about the upcoming migration, as in¢hse of Blue Cards, then maximisation
of government inter-temporal utility requires pgliadjustments. However, government
may be locked in a 'political feasibility trap'wiorkers/voters do not have this information,
as they will vote against migration policies, whiobed to be financed through additional
taxes. When both government and workers have cdenfphdormation, then migration

cause policies are both feasible and unavoidaleleause policy adjustments will improve

the inter-temporal welfare of both the non-migrgtworkers and government.
3.2 Migration cause policies

Second, we consider migration cause policies, thannobjective of which is to
reduce/avoid worker emigration. They can be implaea either ex-ante (in combination
with complete information policies) or ex-post (@mbination with migration impact
policies). In open economies migration cannot benbd directly. Instead, it needs to be
addressed indirectly, for example, by adjustindjesdkiworker incentives causing migration,
in a way that makes migration unattractive. Givieat the main driving force of skilled
worker emigration is the net income difference lesw LDC and EU, government needs to
address international wage differenc8fdubhaarl986). Generally, the cross-country net
wage gap can be affected by changing wage rateeirsénding and destination countries,
by changing income tax rate, and by changing mmmatosts. However, from LDC
perspective, among the few feasible policy optifmmdowering the net wage gap between
the sending and receiving countries is to adjustwage for skilled labour in LDC. This

can be done, for example, imposing skill subsidies different taxation policies.

Figure 8: The effect of income tax reduction indiag country
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The impact of tax policy on the stock of skilledbdar is shown in Figure 8. Before any
taxes are imposed, the initial equilibrium stoclskitled labour istir, the initial migration

is L and the equilibrium wage rate Wi} . Imposing tax ratest, to both skilled and

unskilled labour will reduce the stock of skillembbur and increase migration because of
lower net wage. Taxing both skilled and unskilletdur with tax rateSt shifts their
demands down: skilled labour demand decreases Dito Dfu, and unskilled labour
demand decreases frcDy to Db . The effect of unskilled labour tax is a shiftsiilled
labour supply frorSh to Shi. Because taxes reduce net income in LDC, skikdxbur

migration increases tL{ji. In the same time more migration would lead touehtr
decrease in the skilled labour wage on the wolddua market (middle panel in Figure 8).

Skilled labour wage decreases frWii to Wii1. As a result, in equilibrium there is lower

r

stock of skilled labour in LDCLR:, with Li" @LR1 and higher emigratiolLf1, with

Ly, ®LY,

The above analyses imply that the same tax rat@setg on both skilled and unskilled
worker income is not efficient for maintaining arcreasing the stock of skilled labour in
LDC. Government can improve policy efficiency bypasing a differentiated tax rate for

skilled and unskilled workers. In order to simplifge analysis we assume that only



unskilled labour is taxed with a tax rate equaSun®® A skill-biased tax affects only the
demand for unskilled labour: in FigurEDﬁ shifts from toD%:. The corresponding shift in
the skilled labour supply is froiSh to Sit. Skilled labour demand remains unaffected at

D . Taxes reduce the net wage of unskilled laboue iflentives for educating increase

leading to higher migration. Higher migration, i, decreases skilled labour wage. In

equilibrium the wage rate for skilled labour desesfromrWy} to Wik . Lower wage allows

firms in LDC to use more skilled labour. As a rasthe stock of skilled labour in LDC

increases tLit, with LR BILE and emigration increases L, with L @LT .

In the above analysis we assumed that LDC is lairgelying that it can affect the

international wage rate for skilled labour. Onlystindirect effect led to expansion of
skilled labour in LDC. More precisely, by introdagi a skill-biased tax LDC dampens the
wage for skilled labour in EU which depresses maéipnal skilled wage. If, however, LDC

is small, then LDC's tax policy does not affect ititernational wage rate for skilled labour.
If the initial skilled wage i<W, migration will not affect it, if LDC is small. Hee, in
both cases with and without taxation of unskilladdur, Sut, the stock of skilled labour
will also stay unchanged .Li". When both types of workers are taxed with theesam

income tax (flat tax)St, the stock of skilled labour decreases'—ﬁ%, if LDC is small.

Thus, the skill-biased tax is more efficient thaffahtax rate.

The third type of tax policy is migration tax, |..DC's government imposes a tax
(Bhagwati tax) from emigrating skilled worker8hagwati 1976). Abstracting from
feasibility issues of such a tax scheme, which alssly requires high international tax

cooperation between LDC and EU, in Figure 2 weym®how Bhagwati tax would affect
the stock of human capital in LDC. We assume thtxatt , is imposed on emigrating

skilled workers (for the sake of simplicity we asmi that i HIV|C%). In contrast to

income tax, migration tax does not affect domestarkers in LDC and EU. Instead,

2If both types of labour were taxed, thSut would represent the tax difference between skited
unskilled work.



migration tax reduces the net skilled labour wafjenigrant workers fromWii to Wii.
Because of smaller net wage differences between BB EU, the number of migrants
decreases fronL{i to Lii2, with L} @L%, and the stock of skilled labour in LDC

. S S . S S
increases frorLy" to L7z, with Ly GILE; 26

Figure 9: The impact of skill subsidy
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Next, we consider the impact of skill subsidiesna@h migration. This is shown in Figure 9.
The initial equilibrium migration (without skill isidy) is given byl ELET #L3"€ e
initial stock of skilled labour bil-ﬁr, and the initial wage rate kWi . In order to finance
the skill subsidy, government imposes tSut, on unskilled labour. Taxes decrease the
demand for unskilled labour froDy to Di:. In Figure 9 the supply of skilled labour shifts
from S to Si. This is the same effect as already shown in EigurUnskilled labour
taxes lead to an increase in the stock of skilimbir in LDC:L' shifts to Lﬁtr, and to

higher migration fronLi to L.

In order to reduce the cross-country wage gap wdrches migration, government grants

%f feasible, migration quota/restriction would haaesimilar effect to Bhagwati tax on human capital
LDC. The only difference is that migration quotaulbnot contribute to government budget.



skill subsidy, S, directly to skilled workers. First, assume thalvgrnment pays the

subsidy directly to skilled workers. The effectdifect skill subsidy is shown in Figure 9,
where the subsidy shifts the supply of skilled labdown fromSt to Si2. The demand
for skilled labour is, however, not affected Di. As a result, the wage rate for skilled
labour decreases froWii to Wii>. The total income of skilled labour is equal togealus

subsidy, Wi> 554 . Skilled labour in LDC increases froLif to Lo, with Lir BILES .

Note that the stock of skilled labour increasey dm@cause of the indirect wage effect. The

skilled wage decreases frcWii to Wiz . As a result, firms in LDC are willing to hire neor

skilled workers. However, if LDC would be smalletinternational wage rate for skilled
labour would not be affected. It would stayWi: and the stock of skilled workers would
be Lit both with and without the skill subsidy. More $kal workers have an incentive to

migrate, because with the skill subsiSH, it becomes easier to buy the 'skill migration

ticket' such as Blue Card (it is cheaper to acgedhecation and then migrate). In Figure 9

the skilled labour migration increases friLii to L2, with Lif &L, .

Government can improve policy efficiency by targgtthe subsidy towards skilled labour
that does not migrate. Assume that the same sulisigsanted to companies in LDC to

decrease skilled labour costs. The effect of imdiskill subsidy is shown in Figure 9,
where the subsidy does not affect the supply dfeskiabour,Sit, but instead shifts the
demand for skilled labour up froDi to DRs. Because of higher demand, the wage rate
for skilled labour increases froW; to Wis. Higher domestic wage implies that less
skilled workers have an incentive to emigrate. Assult, migration decreases frcLi to
Lz, with Lz GIL{ . In the same time, because of higher wage, thuk stskilled labour

at home increases froLdt to L5, with Li; BLRS .

Comparing the two types of skill subsidies (directd indirect) we can conclude that

paying skill subsidy to firms is more efficient thgaying it directly to workers. In this
case: (i) there are more skilled workers in LCLRS BLR5, (i) less skilled workers

emigrate,Li, @L{s, and (iii) budgetary costs are lowSiLi, ®sulis. The reason for



higher efficiency is that the indirect skill subgits better targeted than the direct skill
subsidy. The main disadvantage of the direct skibsidy is that it also supports those
workers that will emigrate. In other words, it helihem to buy the 'migration ticket' such
as Blue Card, because education is a preconditorelfgibility of the EU Blue Card
scheme. A subsidy granted to skilled labour in@sathe stock of skilled labour only
indirectly, through the international wage effeat §killed labour. If the country is small,
then the subsidy granted to skilled labour hasfferieat all on the stock of skilled labour
in LDC.

3.3 Migration impact policies

Finally, we consider migration impact policies a@mat compensating for innovative
capital losses caused by high-skill emigration.nifgration cause policies were not
implemented a priori and emigration has alreadstediait has reduced the domestic stock
of human and knowledge capital (see section 2)DIT policy objective is to maintain the
national innovative capital then government needsnplement migration impact policies
in order to compensate for human capital lossedausgration. There are several policies
for recovering the reduced innovative capital in @Q,Dfor example, education and

knowledge creation policies.

According to the underlying theoretical framewoskdtion 5.3) worker education decision
is determined by a trade-off between higher wageskdled work (skill premium) and the
cost of education. Thus, the demand for educatonbe increased either by increasing the
skill premium or by reducing the cost of educatiGmvernment can raise skill premium in
LDC, for example, through a skilled work subsidydifferentiated income tax rates for
skilled and unskilled work, which we consideredsettion 3.2. The cost of education can
be reduced, for example, by investing in public cadiwn, or by subsidising education

through state scholarships. The effect of direaication subsidy, e.g. free university
education, is illustrated in Figure 10. The initguilibrium stock of skilled labour L
and the initial migration L. In order to finance education policy, governmiemposes

taxes on worker income, which shift skilled Iabcdﬁmand,Da, and unskilled labour



demand.Dy, to Dix and DU1, respectively. Because of lower net income in LD@h-

. . . . . S
skill emigration increases ‘Lii1 and the stock of skilled labour decreasel i . In order
to increase skilled workforce government invests ¢bllected tax revenue in education.

Because the price of education decreases, moralladsWorkers enter education. As a
result, the skilled labour supply shifts freShr to Sz Because of higher supply of skilled
workers in LDC, the stock of human capital increafem Lii to LB, and migration

increases fronLii1 to Lii2. Note that the stock of skilled labour increasely decause of

the wage effect. Higher supply of skilled workesemrs a downward pressure on skilled

labour wage, which decreases frWii; to Wil . If the skilled worker wage rate would not
change, then the stock of skilled labour would clednge either. Therefore, this policy is
ineffective in terms of increasing human capitairst; the imposed taxes increase
migration. Second, a direct education subsidy adsteases migration. Third, the stock of
skilled labour in LDC depends only on the wage @ffieut not on the education policy
directly.

The effectiveness of education subsidies can beeased if they are coupled with
migration cause policies. For example, if the statbsidised higher education is coupled
with employment in the country providing educati®uch policy has been implemented in
several developing countries and has proven tonbeffecient way of increasing the stock

of human capital. Graphically this is shown in Fgyd0, where the stock of skilled workers

increases tc'—ffz, if education subsidies are coupled with migrateause policies and
skilled workers do not emigrate.

Figure 10: The effect of public investment in edicra
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Next, consider a policy that invests in educatiofiren level (indirect education subsidy).

The support of education at firm level will shiftet demand for skilled labour up. Higher
demand for skilled labour exerts an upward pressuarakilled labour wage. Because of
higher skill premium, the stock of skilled labour LDC increases. Indirect education
subsidy is more effective than policy addressingcation through labour market supply
side for three reasons: (i) more skilled laboulLiXC, (ii) lower migration, and (iii) the

budgetary costs are lower. Thus, by supportingethecation at firm level (addressing the
demand side of skilled labour market), the polisybietter targeted and hence more

efficient. This policy has a similar effect to sldubsidy.

The poorness of the developing world has two stgkimplications for innovative capital
and hence for LDC economic growth prospects: lowcatlon and high emigration. The
poorer the country is, the higher are liquidity straints of workers for obtaining formal
education, and the higher is the attractivenegsrtigrate. Thus, in very poor countries the
limiting factor of human capital growth is not thressing financial incentives of workers to
learn skills, but instead, the liquidity constraiot obtaining education. Therefore, in these
very poor sending countries government objectiveukh be to remove the liquidity

constraint for obtaining education.

The education liquidity constraint could be removwsdgovernment subsidies. However,



given that under government budget constraint alisslies need to be collected by
additional taxes, such policy would not substalyti@lecrease the liquidity constraint.
Alternatively, given that emigrated workers reméarpof their income earned in LDC to
their home country, government can affect the sjpgnoff remittance income. Because this
policy does not require additional taxes, investiegittances in education may move
upward or completely remove liquidity constrainteafucation. Remittance flows from the
receiving to sending countries can be increasedXample, by introducing a tax relief for
remittances or reducing remittance transfer cdstewer remittance taxes would increase
the purchasing power of remittances in LDC and &ahe incentives to remit. As a result,
the emigrated workers would increase their renttanto LDC. The share of remittances
invested in education could be increased, for examipy introducing a distortionary
taxation to remittances spent for consumption gaodlor tax exemptions to remittances
invested in educatioff. Because the purchasing power of remittances faswmption
goods would decrease compared to education servigeskers would invest more
remittances in education. As a result, the stockkdfed workers would increase in LDC.
This can be seen in Figure 10. Consider that gonent increases remittance tax rate spent

for consumption goods compared to education sesvithis will change relative prices,
which in turn will shift skilled labour supply frorSi to Sz, As a result, the stock of

. . . . S S
skilled labour in sending country increases fiLa1 to Liz.

The tax relief for remittances invested in educai®less effective than a policy, which is
targeted only at those skilled workers that remairthe country, because part of the

additional workers which obtain education would g@rmaie (skilled labour migration

increases fromLi: to Li2). If coupled with migration cause policies, theueation

remittance policy would be considerably more eéinti Given that this policy changes the
stock of skilled labour in sending country onlyahgh the price effect, it is equivalent to
education policy, which subsidises the supply sid@abour market. Because more workers

migrate, skilled labour wage increases, which redwgkilled labour migration. If migration

?In most countries foreign remittances are subje@¢ome taxChami FullenkampandJahjah2003).



would not affect the skilled labour wage, then plodicy that increases incentives to invest
more remittances in education, would not affect skeck of skilled labour in sending

country.

Figure 11: Migration-induced shifts in knowledgeyerditure allocation between

knowledge creation and knowledge adoption
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In line with the underlying innovative capital framork, a further migration impact policy
option for compensating for losses in the natianabvative capital caused by high-skill
emigration is to increase the domestic innovati@avernment has two options for
allocating the R&D expenditure: investment in nemowledge or in knowledge adoption.

Figure 11 shows how migration affects governmentiagh between the two types of
knowledge investment. Assume that before migratibg's equilibrium allocation oTR
between new knowledge and absorption is at (Dimt Figure 11, corresponding TR
and TR TR, «TR(; ¢, respectively. Migration reduces the absorptivpacity (see
section 2.4). This reduces both marginal new kndgde gain, MKy, and marginal
absorbed knowledge gaiMKa, by shifting downward fronMKnz to MKn2 and from

MKasz to MKas. For this reason the allocation of innovation sfan TR\, is in

“None of the proposed policies would affect/worsemegnment revenue: lower remittance taxes would lea
to more remittance, and hence compensate the l|dswerrate. Lower taxes for remittances may be



disequilibrium, i.e. it is inefficient. Marginal meabsorbed gainMK3zs, at point O is

larger than marginal new knowledge geMKRs, at pointP. Allocating more funds to
knowledge absorption than to new knowledge wouldease the total knowledge. The

effect of investment on absorptive and on new kedgé on migration and on the stock of
skilled labour is shown in Figure 12. New allocatiequilibrium of TRt is at pointJ in
Figure 11. In equilibrium relatively more is invedtin absorption of knowledg TR,
where TRy, HTR; TRy, @TRy; HTR =TR{;, and less is invested in new knowledge
TR, with TR, @TRS;.

Figure 12: The effect of public investment in knedde creation
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The effect of increased public spending on knowdegshown in Figure 12. The initial

equilibrium migration isLfi . First, government imposes taxes to be able tanfie the
expenditure necessary for knowledge transfersovegiment taxes labour demand, skilled

and unskilled labour demand decreases. In Figutbé Pabour demand cunDy shifts to

Df: and DY to D1, respectively. As above, migration increases filil to L.

Government can invest either (i) in producing nevawledge or (ii) in absorptive capacity

compensated by higher taxes for consumption goods.



of knowledge from EU. Because, as shown in Figureat knowledge transfer allocation

TR and TRy, the knowledge gain is higher from adoptive thaw riechnologies (see
section 2.4), the impacts of the two types of pediawill be different too. First, consider
government investment in new knowledge creationréMknowledge capital increases

productivity of both skilled and unskilled laboun. Figure 12 the demand shifts up from
D to Diz for skilled labour and fronDu: to DYz for unskilled labour. The effect of

unskilled labour wage increase is an increase iiledikabour supply fromSia to Stz

Because of smaller wage gap between the receividgsanding countries, the stock of
skilled labour in LDC increases froibi to Liz, with L3 ®LE%, and migration of

skilled workers decreasesLii> , with Ly @LE @LT,

Next, we consider government investment in adoptesgearch. Given that it is more
efficient to transfer technology, which is alreadgveloped, than to develop new
technology, government can increase the efficiaiqyublic spending. In Figure 12 higher

knowledge creation efficiency will shift the labodemand stronger upwards. Demand for
skilled labour shifts up fronDf: to Dis and demand for unskilled labour frcPus to
DJs. The skilled labour supply shifts up froSh1 to Sis. Migration decreases 1L,

with Ly @LY @LE, &L | The stock of skilled labour in sending countrgrgmses to
LE5, with L5 &LES SLE

3.4 Policy recommendations

Government has two types of decisions to makeirttae-temporal policy implementation
strategy and policy instrument choice. The intengeral policy implementation choice is
fully determined by policy implementation costs andante completeness of information.
We can only note that, in addition to comparing divect policy implementation costs, in
the long-run thex-anteimplementation of migration policies might be lesstly thanex-
post because with repeated migration threat complafermation policies are less
expensive (they need to be implemented only orie®) migration impact policies (which

need to be implemented every time when high-skijration occurs). Migration cause



policies are required in either scenario and tmeplementation costs are similar between
ex-ante and ex-post implementation strategies.€foey, where the upcoming migration is
known a priori, as in the case of Blue Cards, arfdrination transaction costs are not
prohibitive? the ex-ante migration mitigation policies shoulel preferred over ex-post

impact-cause policies.

In addition to choosing between the ex-ante infailonacause policy bundle or the ex-post
cause-impact policy bundle, government also hasetect appropriate instruments from
each policy bundle. Policies that addressdingply sideof the skilled labour market (e.g.,
direct education subsidy, direct skill subsidy) #re least efficient. This is especially the
case when LDC is small relative to receiving copnBuch policies enhance migration,
they do not have a direct impact on skilled labstack in LDC. In fact, this policy
facilitates migration. Only, if LDC is large, suppside policies may increase the stock of
skilled labour in LDC. Policy-induced migration deases the international wage rate for
skilled labour. Only this indirect wage effect witicrease the stock of skilled labour in
LDC. Because of lower wage rate, less skilled wizrkeell have an incentive to migrate. If,
however, LDC is small, there will be no wage effaatl the stock of skilled labour will not

be affected by the policy at all.

In general, the weakest point of policies that addrthe supply side of skilled labour
market is that these policies do not distinguistwken skilled labour that migrates and
skilled labour that stays. Given that they targathlpotential migrants and non-migrants,
they help the potential migrants to buy the 'skilgration ticket' such as the EU Blue Card.
The efficiency of government policy can be improvsda better targeting: (i) directly on
thedemand sidef the skilled labour market in LDC (e.g. throuskill subsidy granted to
firms, or subsidisation of education at firm leyedy (ii) directly onmigrants only(e.g.
through Bhagwati tax, migration quota, etc.). Thetfpolicy changes incentives only of
those that stay. The second policy does the revatsghanges the incentives of those that
migrate. In terms of implementation feasibilitygtpolicy that addresses the demand side

of the skilled labour market appears to be lessly}coshe enforcement costs of policy

In densely populated less developed African ecoesmiith poor infrastructure they may indeed be



which addresses only migrants is more costly any meguire cooperation with the

receiving country which may not be desired by EU.

Figure 13 classifies policies according to two pasters. The vertical axes shows the

political implementation cost:!!/C, which capture administrative implementation carst

political support, which decreases in taxes. Theézbaotal axes shows policy efficiency in

increasing the stock of skilled |ab0l|—E|r, and of decreasing skilled labour migration,

m 30
I‘H.

Figure 13: Assessment of migration policies
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policies in terms of political implementation cosiisd in terms of increasing tILELY

ratio in LDC. This is because they have relatiiely costs of implementation and lead to
an increase in the stock of skilled labour whileytldecrease migration. However, these
policies do not have the highest political sup@dter migration, i.e. they are not at the
bottom of quadrant IV. With migration the politicalpport increases for redistributive

policies. Investment in new knowledge has the spaitéical implementation costs as the

other two policies in the quadrant IV, but is lesficient in increasing thiLi /L ratio

than investment in knowledge adoption.

Quadrant | shows the least efficient policies ythave low efficiency in increasing the

LE/LY ratio and they are politically infeasible. Theipglthat targets remittances spent on
education is costly in terms of implementation,ita®quires cooperation with EU which
may be rather limited. In the same time it increaseggration because it will become less
expensive for workers to acquire education andrimeate (it will be easer to 'buy' the EU
Blue Card). It increases the stock of skilled labonly indirectly through wage effect if
LDC is large. If LDC is small, then this policy Wihot have an impact on the stock of

skilled labour at all.

Quadrant Il shows policies which are politicalBatible but inefficient in reducing skilled

migration. These policies include: direct skill sidy paid to workers, direct education

subsidy, and skill-biased income tax. They all htheesame effect on L/l ratio, as

a policy that targets remittances to be spent arcaibn. The flat tax rate policy is even
worse than the education remittance policy becédusecreases the stock of skilled labour
and, in the same time, it increases emigration. &@n the flat tax rate and the direct skill
subsidy are politically more feasible than the cireducation subsidy, and the skill-biased
tax, because after migration there is less politscgport for polices that target growth
related issues as well as the share of unskilleoulain voting population increases, which

will make it difficult to introduce higher tax rater unskilled labour.

Quadrant Il shows policies which are politicallyt ieasible but efficient in increasing the

LELY ratio. There are two policies in this quadrant:aBati tax and migration



guota/restriction. Both the Bhagwati tax and migmaiguota/restriction efficiently increase
the stock of skilled labour and decreases migratitowever, they are is costly in terms of
implementation, because they require cooperatiadh #lU and expensive border control

measures.

4 Conclusions

According to the endogenous growth thedRpiher1990), innovative capital is one of the
key drivers of economic growth. Given the extraoadly importance of innovative capital
in the developing country growth prospects, wetheeendogenous growth theory to derive
a theoretical framework for studying the impacthagh-skill migration. The innovative
capital framework, which we adopt in the presentlgt differs from other approaches in
that it combines insights from different theorieskill premium from investment in
education stressed by labour economics, brain domain waste, brain gain, stressed by
different migration theories, R&D and innovationleroand knowledge capital, and

knowledge spillover literature.

We apply the innovative capital framework for pdighimpact analysis of high skill
labour migration in general and the proposed BlasdGcheme in particular on innovative
capital in LDC. In line with previous studies (eBeine Docquier and Rapoport2001;
Lowell andFindlay 2001;Lucas 2004;Katseli Lucasand Xenogiani2006), we find that
high-skill migration decreases national innovativ@pital and hence long-run growth.
Moreover, we find that because of supplementarymarket measures, the EU Blue Card
may harm the innovative capital and hence growtsects in LDC considerably more
than other forms of labour migration. All thesediimgs about the EU Blue Card are new

and represent the main empirical contribution efgihesent study.

Based on the gained insights about potential ingpaftskilled worker emigration on
innovative capital in LDC, we identify three typefspolicies, which could help the sending
countries to damp down or even to avoid the adveysevth effects arising from
emigration of skilled workforce: complete inforn@ti policies, migration cause policies,

and migration impact policies. We also proposeeddint policy instruments for achieving



the identified policy goals and graphically analylseir impacts on innovative capital stock
in LDC. Providing policy recommendations for copimngth the adverse effects arising

from high-skill emigration is our main policy coittation.

Turning to limitations of our study we recognisatthalthough accounting for all key
effects of skilled labour migration on innovativapital in LDC, the performed graphical
analysis cannot provide us with numerical answémut migration impacts and cannot
guantitatively compare different policy instrumert#owever, our study offers a blueprint
for deriving a formal general equilibrium model lofking labour migration to economic
growth, which is required for quantifying all thosects which we discussed positively in

the present study. Our findings suggest that thespromising area for future research.

Summarising our findings we may conclude that tskiti migration in general and the EU
Blue Card in particular make developing countryvgtoprospects indeed blue. However,
compared to other forms of labour migration (elggal migration) the EU Blue Cards are
known well in advance. We show that, using thisinfation advantage, targeted and timed
policy interventions can minimise the adverse inpaaf high-skill emigration. Thus,
compared to other migration regimes Blue Cards wogse, but they offer better

opportunities for sending countries to mitigate raigpn.
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5 Appendix: Theoretical framework

Economic growth is one of the key policy priorities most of the (democratic) developing
countries. In this section we review the most regeowth theories with respect to driving
forces of economic development. From the endogegosth theory we derive innovation

production function for a closed economy. Next,wing on findings from international

labour migration and knowledge spillover literatuvge augment the closed economy
innovation production function to open economy moéeally, we decompose the open
economy innovative capital function into four keyngonents: worker education,
international labour migration, national knowledgeeation through research and
development and international knowledge spilloversg analyse their behaviour in the

short run.

The main reason for choosing the innovative cagitainework for our study is that at
present there is no single, coherent theory ofmatgonal labour migration fully capturing
high-skill migration impacts on economic growth.Ia fragmented set of theories exist
that have developed largely in isolation from omether segmented by disciplinary
boundariesl(ucas2004). The international growth trends and pagténnlabour migration
suggest, however, that a full understanding ofrétetionship between high-skill migration
and economic growth will not be achieved by relyimgthe tools of one model alone, or by
focusing on selected aspects such as brain dna@sssd by the neoclassical theory, brain
gain/waste emphasised by the 'new migration theatspora's role in knowledge
spillovers stressed by migration network theorytheg its complex, multifaceted nature
requires an integrated approach that incorpordtésese effects, forces, and assumptions.
By adopting the innovative capital framework weeatpt to integrate all key effects and
forces triggered by high-skill migration on economdevelopment in one unified

framework®?

5.1 Closed economy growth deter minants

%1The innovative capital framework adopted here fisilsi to the innovative capacity approachFafrman
Porter andStern(2002).



Innovative capital in general and human capitapamticular takes a central role in most
theories of economic growth and development. Bbthdaugmented neo-classical growth
model and most endogenous growth models stressnppertance of innovative capital in
economic development in one way or another. Howed#ferent schools of economic
theory propose different functional relationshipstween the growth rate of national
income and innovative capital. With respect to tbhée of innovative capital, growth
models can be regrouped into two strands of thieatetiews. According to the first view,
the accumulation of human capital as a factor adpction drives economic growth,
implying that differences in levels of human cap#ge related to differences in output
levels across countriesS@low 1956, Mankiw, Romer and Weil 1992). Worker skills
acquired through education and experience are tapofor economic growth. However,
because worker skills are rival and excludablehégge of labour is rewarded for its effort
fully in wages. There are no positive knowledgeeaxdlities of human capital implying
that skilled workers have no positive impact oreotskilled and unskilled worker output.

According to the second view, a greater human ahgtbck affects economic growth
mainly by facilitating innovation and adoption ofew technologies, implying that
differences in levels of human capital cause diffiees in output growth across countries
(Lucas 1988, Romer 1990). Lucas (1988) models human capital in a firm's production
function in a manner analogous to the augmerSetbw model (private margin of
innovative capital). However, in addition, he iduzes an 'external’ (social margin of
innovative capital), whereby the average level oimhn capital in the economy affects
individual firms' output but is not taken accoumtirotheir profit-maximisation decisions.
In the growth model oEucasindividual workers decide between acquiring edocaand
offering labour to firms on the basis of standartei-temporal utility maximisation. The
model has two sectors. In one sector human capithlphysical capital is used to produce
output according to the usual Cobb-Douglas produadtinction:

Q HKZS%aLyL, -1 3
1)

whereZ is physical capitalK is technology level (knowledgLu is labour,U is the share



of time devoted to productioilL is the average human capital in the economy, é4nd
captures the spillover effects of human capitale Bther sector uses human capital (the
share that is not used in production activities)ptoduce human capital. Equation (1)
implies constant returns to the two reproducibleides Z andLn) and, for the interval
@30, increasing returns to all factors. Because ofstant returns to the two types of
capital, the model suggests an important role forker skills and knowledge capital both
in the short-run and in the long-run. In the cohtekour study an important feature of
Lucas(1988) model is that even if there is no positmewledge spillover effect, long run
growth is determined by investment in both physaad human capital.

The other major strand of endogenous growth theosias pioneered bRRomer(1990).
The growth model ofRomer has three sectors: a technology producing sector,
intermediate goods producing sector where capaatlg are produced, and a final output
producing sector. In his model the steady statevtr@dditionally depends on the human

capital stock. The part of human capital that isused for producing goods and services is
used for creating new technologies. The level ah&w capital,L1, has thus a positive
effect on the growth of knowledgiK, the stock of which determines the number of

differentiated intermediate goodX. According to theRomels (1990) model, firm

production function is given by

QuLya b
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wherel e is the share of human capital employed in the yetidn sector, which depends
on the overall stock of human capiln HLuel=Lua, with the latter denoting the share of

human capital devoted to the accumulation of teldgyy K. The innovation sector

operates according to a national innovation pradaodunction:

Id48Ke
(3)



where! is a sustainable rate of innovation ¢#ds a productivity parameter. According to
equation (3), the sustainable rate of innovat/yris an increasing function of the number

of skilled workers.Lna, and the stock of knowledge available to theskeskivorkers,K.
Thus, in theRomels (1990) model the rate of technological changdoganous in two

distinct ways. First, the share of the economy tev¢o the innovation sector is a function

of the skilled workforce (determininLna), and the allocation of resources to innovative

activities depends on the R&D productivity. Secahe, productivity of innovation creation

is sensitive to the stock of knowledge capiK|, created by past innovations. Although,
there is neither a general agreement on the preaises of these parameters nor on the
functional form linking innovations to economy-witteng-term productivity growth, there
is a relatively broad agreement that these fachoes indeed, crucial in explaining the

realised level of economy-wide innovatidru¢man Porter andStern2002).
5.2 Structur e of open economy innovative capital

Given the detailed treatment of human capital amakedge capital in endogenous growth
theory, we base the theoretical framework of oudgton the endogenous model a la
Romer(1990). The starting point of the conceptual freumik is equation (3), according to
which the innovation production function takes t@ebb-Douglas form. Applying a
logarithmic transformation to equation (3) and réwg the growth rate in form of stock

changes we obtain the following innovation productior a closed economy:

Inl | -2=8 InLy 8 InK
(4)
According to equation (4), the national innovatiugtput, !, is an increasing function of the

size of skilled workforceLn, and the stock of knowledge available to workKsGiven
that the two innovative inputs are accumulable,irthendowment is determined

endogenously through equilibrium strategies of ecaic actors. The size of the human
capital in the country is determined by the numifeeducated workerL1 . The stock of

country knowledge capital depends on national rekeand development activitieK.



The two coefficients @ and @) measure the relative contribution of the two wative

inputs: human capital and knowledge capital. Patamr @ determines whether the
marginal product of an additional invention is ea&sing (the so-called 'standing on

shoulders' effectCaballero and Jaffe 1993) or decreasing (the so-called ‘fishing out'
hypothesis) in the stock of human capital, andmpatar @ determines the returns to scale

with respect to the stock of existing knowledi#2.is a productivity parameter, which

captures all other factors affecting the creatibrinaovative capital but not captured by

variablesLn andK.

Next, we consider the innovative capital supplyamopen economy. Empirical evidence
and previous studies suggest that in an open ecgnehen international flows of human
capital and knowledge capital are possible, theonak innovative capital depends not only
on country's endowment with skilled workers andléwel of technological knowledge, but
also on the net migration of skilled labo@jdastad1962;BhagwatiandRodriguez1975)
and international knowledge spilloveksrggman1979). Not accounting for skilled labour
emigration would underestimate the return to edocatwhereas not accounting for
international knowledge spillovers would overestenthe marginal revenue of national
R&D expenditure. Therefore, we explicitly accouat the net high-skill migration which,
depending on the sign, might augment or shrink llpcaducated workforce; and for
international knowledge spillovers, which magnihetlocally produced knowledge, by

including them in the innovative capital supply ¢tion.

In order to account for international movementgabvative inputs, we introduce two new

variables in equation (4L1 denotes the net migration of skilled workers, K™l denotes
stock changes in technological knowledge due tsssoountry knowledge spillovers.
According to the underlying endogenous growth thediRomer(1990), at least part of the
technological knowledge is a public good (i.e. mxetudable and non-rival). This implies
that cross-country spillovers of technological kiexge can only increase the national

innovative capital creating a no-loose situation hoth sending and receiving countries

(SKR 20, JKS ®0), In contrast, skilled labour is a rival input ilyimg that international

migration of skilled workers decreases its stockDC and increases the stock of human



capital in the receiving countries creating a wied situation for the receiving and sending
countries, respectivelysH @0, 3H® E0). Substituting the two new variables - skilled
labour migration and international knowledge sp#is - into equation (4) we obtain the

aggregate supply of innovative capill®, in open economs:

nis @n® =@ n(L§ = LY) =@ ih(KS = KM)
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(5)

According to equation (5), open econorSy's innovative output!®, depends on the
number of workers who acquired skills through etioca Lﬁ, net migration of skilled
workers, L}, domestic knowledge creation through R€K®, national and international
knowledge spilloversK™ , and parameters of the mod&lThe relative contribution of the

four components to national innovative supf!®, depends on equilibrium strategies of
economic actors. In the following sections we asaljhow education and migration
decisions of workers determine size of the privagrgin of innovative capital, and how
the public fund allocation decision of governmeatedmines size of the social margin of

innovative capital.
5.3 Worker education

We start with worker education decision in the shon, where the only decision which
workers face is to offer unskilled work versus mwdast in education and to offer skilled

work.3® According toFreeman(1986), the education decision is determined Inade-off

between skilledWii, and unskilled Wy, wage differences (skill premium), and the cost of

%2For the sake of simplicity, we assume that natiémalwledge spilloversKSE, are already accounted for in

the domestic knowledge production functi KS,

*We recognise that in reality there are many momgsitns to make, e.g. labour-leisure, consumptia,
and that workers may make the education and magrattecisions simultaneously. However, for the satke
graphical tractability, we analyse them separately.



education,EC?, (see equation 6). Thus, we explicitly assume #dhication is costly for
workers. These costs capture both direct costslwéation, such as tuition fees, as well as
indirect costs, such as worker opportunity costd education effort (which is different

across individuals).

LS ELS@S,wS, ECO
(6)
In line with the underlying endogenous growth mgol&sented in section 5.1, we assume
that country< is endowed wittL® units of labour. This is shown on the horizontean
Figure 14. Skilled Iabouw'—ﬁ, is measured from the left to right, whereas ulekiabour,
Lﬁ, is measured from the right to the left on theizemtal axis in Figure 14. The total
labour endowmenL® is equal tcLii EL . CurvesDy and D3 represent the demand for

skilled and unskilled labour, respectively, ¢Sl is the supply of skilled labour in country

S

Given that education is costly, individuals investeducation only if education increases

their income** Thus, net of education costs, workers must ealeaat the unskilled labour
wage, which is equal tWg . The vertical difference between skilled laboupsy, Sa,

and the unskilled wage rawy , represents the cost of acquiring education.ittdeeasing
because workers are not equally talented, theyetierogeneous in their ability to acquire

education. The skilled individual on the marginjust able to compensate the education
costs. Assuming full employment, the rest of therkees, LS =L5 | are unskilled. The
equilibrium wage of unskilled IabouWS‘\?, is at the point where the demand for unskilled
labour, DY, intersects vertical line L7 . The equilibrium stock of skilled labour L&
and the equilibrium skilled wage rate Wﬁ In equilibrium the education cost of the

marginal worker for whom it pays to obtain educati®equal tctEC” 3°

*We implicitly assume that all workers, for whonpiys off to become skilled, invest in education.
%For the sake of graphical tractability in the abavelysis we assumed that the elasticity of ureskilabour
demand is infinitely elastic. If the elasticity ofiskilled labour demand would be partially eladtien there



Figure 14: Education equilibrium in closed economy
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Next, we determine education equilibrium with liddy constraint, because it is an
important issue in many poor developing and traorsieconomiesWorld Bank2000). In
the presence of a binding liquidity constraint weyskeither acquire less education or some
able individuals may have no access to educatioallaiAs a result, the skilled labour

supply is lower. In Figure 14 the skilled laboupply rotates up fronSh to Sil, implying
that in equilibrium there is a lower stock of sédl labour,Lf: ®L, and higher wage

rate,Wﬁi.
5.4 High-skill migration

Second, we consider the decision of skilled workensre to offer their work, at home or
abroad, which determines the short-run equilibrionigration. According toSjaastad

(1962), the trade-off which workers face here iegi by the expected income increase

(WE ®Wﬁ) through migration versus migration cosMC, (see equation 7). These costs
include not only the direct transportation costsEld but also employment uncertainty

(which is higher abroad than at home), social coktsaving family and/or friends behind,

would be additional unskilled labour wage effechjetr would affect the ratio of skilled/unskilled vkers in
the sending country. However, the obtained reswitls partially elastic unskilled labour demand wabdde
gualitatively similar to those presented above.



cultural adjustment costs, language barriers 8ta(bhaar1986). Workers migrate if the

expected benefits arising from migration are highan migration costs.

LM ELI@;, Wk, MCO
(7)
Migration decision arises from exogenous differesnge technological development

between LDC and EU. More precisely, we assumedtigin country< is less developed

and hence has lower wages for both skilled andilledkabour than destination country
K. Wage differences trigger worker migration - driviey higher expected earnings in EU
skilled workers migrate fror< to K. However, the net wage, which migrant workers earn
in EU, is lower than the wage rate Fy because migrants face positive migration costs,
MC. Therefore, the net wage of migrants is wage istidation Country,Wﬁ, minus

migration costs,MC. According to migration network theory and emgpitievidence
(Carrington, Detriagiacheand Vishwanath1996), migration costs are not constant, they

decrease in the number of workers migrating fiSno F. In Figure 15 these network
effects are captured by the upward slope o'MC: curve.S™ is migrant worker supply on
international labour market, which is derived byotsacting skilled labour supplﬁi,

from demandD5 .

L . . . R® S
In equilibrium, L& migrants incur cosMC® and receive the net wa(wy =MC® 37

Workers migrate if and only iWf =MC® ®W5 . Because of the gap in technological

development and net wages between the two counaiekast for some workers the
migration condition is satisfied, and part of sdlworkforce leaves count<:. As a result,
the domestic labour supply decreases in LDC. Inlibgum L workers are skilled and

do not migrate. The total migration is given Lﬁw L3, with migration the domestic

%We recognise that in reality the migration decisinworkers is driven not only by wage differendes
also by non-economic considerations. However, éngtesent study we abstract from all other deteants
of migration and consider cross-country wages tiffees as the only force driving labour migration.
3"The results for unskilled labour migration are agals. Therefore, they are not spelled out explicit



skilled labour stock decreases fr('-a\? to Lﬁ”, and the unskilled labour stock in LDC
decreases frorL® A@ﬂ-ﬁ? to LS «L3". Because of higher return to education, migration

increases the number of workers who acquire ecarcgiom Ly to LA™, with Li GILE™

Figure 15: Short-run migration equilibrium
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In Figure 15 we assumed that only skilled workemgeha migration option. Abstracting
from unskilled labour migration is motivated by twonsiderations: focus of the study and

empirical evidenceSalt 1997). Moreover, it can be easily verified that, lang as the

condition Li/L5 ®LE/LT holds, the results with unskilled labour migratiaould be
qualitatively equal to those presented here. Ahtnrtsimplification, which will be
introduced in the following sections, concerns miigm costs. For the sake of graphical
tractability, we will not model migration costs dixjily but, instead, assume that the wage

difference between the receiving and sending camis already net of migration cost.

5.5 Domestic innovation

In this section we determine the short-run domdstmwledge creation. Abstracting from

efficiency issues of public research activitiese tlevel of domestic innovation is

determined by interaction of three forces. The tjwall costs of raising taxe:t, from

worker income need to offset by political benefitssing from redistributing tax revenue to



workers in form of different policies, (pro-growR&D policies, TR, and consumption

transfers, TRc), (see equation 8). Given that skilled and uns#tilvorkers have different
political preferences, in equilibrium, marginal lkéts arising from those policies favoured
by unskilled workers must be equal to marginal fienerising from those policies
favoured by skilled workers.

KS HKS@R¢, TR, tO
(8)
In order to graphically analyse the innovation &gaum, we make several simplifying
assumptions. We recognise that in reality goverrirbadget revenue is determined by the
tax revenue collected from all economic actors laypdhe net lending/borrowing position
of the economy. However, the graphical tractabidityd our intention to keep the study
focused on skilled worker migration requires touesl the sources government revenue.
Therefore, we assume that the only source of govenht revenue is income tax
contributions of workers, all other sources of gomeent tax revenue are neglected. In
addition, we make two further assumptions concer&D expenditure. First, we assume
that the optimal strategy of government is onlydexide between two types of policies:
investment in growth related policies (R&D) and somption expenditure. Thus, in the
present study we abstract from all other governnpesicies. Second, for the sake of
simplicity, we assume that government R&D decisians also representative for firm
R&D activities. Thus, we implicitly assume that thesearch activities undertaken by

private firms are proportional to government R&perditure®®

We assume that politicians provide policy transfiTF, in return for political support.
Policy transfers are financed from income tax reerwhich decrease political support
from voters, as taxes reduce worker income. Vateuggs increase their political support if

they are net (of taxes) gainers from governmeniciesl while voters reduce support if

they are net losers from government policies. Ralitsupport,S, of individual i is

#Governments which invest in knowledge creationaise likely to support policies that increase iribes
for private spending in R&D expenditure, for exampghrough enforcement of patents. In absence loliqu
policy support to private innovation, markets wofdd because of the public good character of krealgke.



assumed to be strictly concave and increasingtilityyiincome. There are two groups of
voters (skilled and unskilled workers) and two tymé policies matching interests of the
two voter groups. Skilled workers demand relativehore growth related policies
(investment in knowledge creation) whereas unskillworkers more redistributive

consumption policies.

Figure 16: Public investment in innovation, redigition and income taxation
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First, we consider growth oriented policieTR<. If politicians invest in knowledge
creation, then the productivity, and hence thectiffe stock of skilled labour, increases.

This is shown in Figure 16 (left panel). The effeétpublic investment in knowledge

creation is a shift in skilled labour demand fera to Dﬁl. Because more skilled labour

is used in the production, the productivity of utield labour increases as well. In Figure
16 unskilled labour demand shifts frcDY to DY . Higher demand for unskilled labour
affects the supply of skilled labour, which shiftem S to Sti. As a result, the
equilibrium stock of skilled labour increases frels to Lﬁ; Public investment in
knowledge creation increases income of skilled amekilled labour by the shaded ari@is

and b, respectively. Because of higher income of work#rs political support increases.

Figure 17 (left panel) shows the marginal politisalpport of investment in knowledge

creation, MPS«. Given decreasing marginal returns of governmaicigs, the MP Sk

curve is downward sloping.



Next, we consider income redistribution orientetigies, TRc. The effect of consumption
transfer, C, to skilled and unskilled workers is shown in Fgul6 (right panel).
Redistributive transfer policy increases the incarhenskilled workers income fr0|Wﬁ@

to WS [=C . Higher unskilled labour income has a correspapdiimpact on the supply of
skilled labour which shifts frorS to Siz. However, because also skilled workers receive
the policy transfer,C, the skilled labour supply shifts back Si. As a result the

equilibrium stock of skilled Iabouw'—ﬁ\, is not affected by income redistribution policies
However, redistribution policies affect equilibriuntome, and hence the political support,

of both skilled and unskilled labour. More precysehey increase the income of skilled and

unskilled labour by areza and b, respectively. This is shown in the left paneFigure

17, where the marginal political support of redsitive transfer is represented by the

MP<Sc curve. The marginal political support of redistiibe transfer MPSc | decreases in
redistributive transfers - the higher they are, ltheer is marginal political support. The

right panel in Figure 17 shows the aggregate margmolitical support,MPZa, which
represents marginal political support for totahgfers (for redistribution policieMPSc,

and for investment in knowledge creation policMPSk).

Figure 16 (right panel) shows the effect of taxesreome and hence on political support.
Taxes on unskilled labour paid by employetu, shift the unskilled labour demand from
DY to Dy,. Because of lower unskilled labour demand the lsupp skilled labour
decreases. In Figure 16 the skilled labour supplyee shifts fromSi to Shz. However,
because also skilled workers pay the sametu Hty | the skilled labour supply shifts

back toSh. As a result the equilibrium stock of skilled Iainp'—ﬁ, is not affected. Taxes

decrease income of skilled and unskilled laboumpeesvely, by area ¢ and area d,
respectively. As a result, politicians get lesspgup Because of lower net income, the
political support decreases. In Figure 16 the iredotaxes decrease the net income of

skilled and unskilled workers by areCsand d, respectively. In Figure 17 the marginal

political cost,MPCr , increases in policy interventior TF, (taxes-transfers).



Figure 17: Innovation equilibrium
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Politicians weigh political costs of taxatioMPC, and political benefitsMPS, from
redistributive and growth related transfers. Inikguum all types of transfers have to yield
the same marginal political support and, in the esséime, have to be equal to marginal

political costs. In Figure 17 (right panel) theipglequilibrium is given by the point where
the marginal political cost curvMPCr+ | intersects the aggregate marginal political stppo
curve, MPEA . Thus, according to Figure 17, the equilibriumi@plinterventions (taxes-
transfers) areTR'. From the total equilibrium policy interventionsevcan derive the

equilibrium redistributive policy TRE, and growth oriented knowledge creation policy,
TR¢, where TRc TR HITR" 39

Thus, according to Figure 17, the domestic innmaéquilibrium,TRf, depends on the
income tax revenue and government budget sharet gpemedistributive policies and
growth oriented knowledge creation policies. THatree political support of the two voter
groups depends on their share in the total popudtabour force) and net income changes

through government policies.

%9Although, in the present study we implicitly assuthat only the innovation investment is determined
endogenously, the underlying political decision mgkmechanism is more general and similarly appies
other decisions of politicians and voters.



5.6 Knowledge spillovers

The fourth and last determinant of national inneatcapital in is knowledge spillover
from other countries. According tBaton and Kortum (1996), the equilibrium level of

knowledge spillover is determined by two oppositecés: the advantage of country

backwardnessAE, and the absorptive capaciAC, (see equation 9). On the one hand, the
further behind a country is, the greater is theklwar of technology and knowledge
available for spillover, and therefore the largex the potential spillovers. In the literature
this knowledge spillover effect is often referrem ds the advantage of backwardness
(CohenandLevinthal 1990). On the other hand, the size of the teclyicdd gap alone
does not determine the magnitude of knowledge iofudn order to take the advantage of
knowledge spillover, a country needs to have appat®p capacities, such as skilled
workers who use the new technologies, in placehdnliterature these factors have often
been labelled as social capability or absorptiyeacay CohenandLevinthal1990).

K™ HKTOB ACO
9)
Figure 18 shows the advantage of backwardrAEs and the constraint of absorptive
capacity,AC. The advantage of backwardness is higher, thedessioped LDC is, i.e. the
larger is the wage gaw"/w® | between the receiving and sending countr@shénand
Levinthal 1990). When both countries are equally developw®/Ww* E1) LDC's
knowledge gains from international spillovers ayeér, than when the development gap

between countries is sizeable. However, accordiigphenandLevinthal1990), a country

can benefit from international knowledge spilloverdy as much as its absorptive capacity

allows. In Figure 18 the second cunAC, shows countryS 's absorptive capacity.
According to Cohenand Levinthal (1990), the adoption of foreign knowledge requires
certain know-how. Therefore, the less developedoanty is, the less know-how is
available in the country, the lower is its absampttapacity. In Figure 18 this is captured by

the downward slope of curvAC - it decreases in the development gap between the

countries WRwS



Figure 18: Equilibrium knowledge spillover
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Depending on the development gap between coun{deptured by WSWR)  the

equilibrium knowledge spillover is determined byeaof the two curves in Figure 18. The
advantage of backwardne:!AE, determines how much knowled(K™, spills over from
other countries, it is increasing in the technatayidevelopment gap between countries,
wRMWS | Country's absorptive capacitAC, determines how much knowledge can be
absorbed from receiving country. For example, &ative income equal WS only

KT units of knowledge can be absorbed, which is baraAC curve. ForWs/Ws3  only

[

K3' units of knowledge can be absorbed, which istleas available knowledgAE, from
EU. It follows that, when LDC is relatively riclW®/wS BWEMW3), then constraining is the

AE curve, nolAC. The opposite holds if LDC is relatively poW"/ws @wW5w3). Both

curves together determine thkeowledge spillover possibility frontiewhich is showed by
the kinked lineADE in Figure 18. However, the transfer of knowledgeastly, because
knowledge transmission requires certain infrastmect These costs shift ttAE curve to

AB; , which changes the knowledge spillover possibfliontier from ADE to HJE.

In Figure 17 (section 5.5) we have derived thetjgali equilibrium transfer on knowledge
without migration,TRﬁ. Government can allocate this total knowledgedfiemeither for

development of new knowledgN, or invest in knowledge absorption technologAs,



where TR¢ TRy [ETRa . Government wiill weight the marginal new knowledd#ained
from additional transferMKn, with the marginal absorbed knowledge from addiio
transfer, MKa. This is shown in Figure 19, where horizontal asgews knowledge
transfer allocation: from the left to the right aransfers on new knowledg TRy, and

from the right to the left are transfers on knowgedabsorption TRaE TR =TRy¢,

Vertical axis shows marginal knowledge benefit @éditional unit of public expenditure:
on the left vertical axis is marginal new knowledgan, MKy, and on the right vertical
axis is marginal absorbed knowledge geMKa. Both MKy and MKa decrease in

knowledge transfer TF 4

Figure 19: Allocation of knowledge expenditure beénw knowledge creation and

knowledge adoption
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When the country is relatively pooW"wS &WEMWS in Figure 18), the absorptive
capacity is constraining knowledge diffusion. Inisttcase there is high increase in

knowledge if growth expenditure is invested in apson technology. This is because

there is a lot of possibility to absorb knowledgeni EU (AE curve in Figure 18 is

“Note thatTRi may change with the country development levelsifoplify the analysis we abstract from
this effect. This is equivalent with the case if \@riables are represented in percentage shasésath of
absolute values.



increasing in country poorness). The marginal diesbknowledge gain MKai1 in Figure

19. On the other hand, the absorptive capaAC, is low and reduces the efficiency of

new knowledge development. Hence, the marginal keewledge gain from transfer,

MKz, is low when country is poor. The equilibrium igne MKar and MKn: are equal.

i.e. where marginal gains of all types of knowledgeestment are equal. At this point
knowledge gains from total transfe TR are maximised. The equilibrium transfer on new
knowledge is TRy and the equilibrium transfer for knowledge absorpt is

TRy, HTR: «TR); . If the country is richerWRWS is closer toW5/W3 from the right

hand side in Figure 18), then the gain from investirin new knowledge is higher - in
Figure 19 it shifts up frorMKn: to MKnz2. However, the richer the country is, the smaller
is the shift inMKy, because the more knowledge is found the lesg tisgpossibility to
find new knowledge (‘fishing-out' effect). Furthgsward shifts irMKy to MKz, MK,

etc. decrease with country development. The oppdsitds forMKa, which decreases in

country development, because there is less andotesssbility to absorb knowledge from
elsewhere (in Figure 18 the downward slogAEj curve declines in country technological
development). The downward shift MKa from MKa1 to MKaz2, MKag, etc. is larger and
larger, the more developed the country is. ThetpahereMKa and MKy are equal, at

MKa: and MKni; MKaz and MKnz; MKaz and MKys, etc. determine the optimal
allocation of knowledge transfer between new knogée development and absorption of

knowledge for different country development levdikis curve is shown by the bold line
in Figure 19. The highest marginal knowledge gaiomf transfer isMK; and the
corresponding equilibrium transfer on new knowledgeMKfm and the equilibrium
transfer on knowledge absorption MK, @WMK* MKy, € This coincides with the

development level measured by the wage rWEAWS in Figure 18). At this point the
relative marginal gain from investment in new knedde and the marginal gain from

absorbed knowledge investment is highest and inlilegum results in the highest

marginal gain in knowledge. At this point neittAE nor AC is constraining as shown in

Figure 18.



