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Abstract

This paper developsamodel based on realistic assumptions of inter national
movement of natural persons such asthe heter ogeneity of and private information
on agent types, and outlines the scope for national policy and the role of private
agents. Thepaper arguesthat itisalwaysbeneficial for a countryto havealiberal
policy on the acceptance of natural persons, and admit high quality human capital.
However, dueto privateinformation on the quality of human capital, professional
organizations and private agents may maintain certain standards of observable
attributes of would-be migrants. Those standards are costly to adhere to, thus
serve as a screening device for choosing high quality human capital.

The model demonstrates that high quality human capital in a poor country
tends to migrate under Mode 4 liberalization to rich countries. However, if the
poor country isabove a threshold poverty level, actual migration may or may not
takeplace, i. e. there could be multiple equilibria. The source of multipleequilibria
is the strategic complementarity and failure in coordinating actions of a large
number of agents. Therefore, a poor country, while having a liberal policy on
movement of natural persons, could strengthen economic and social infrastruc-
ture to avoid herd behavior and mass migration of high quality human capital.

Liberal policies on movement of natural persons could reduce welfare of a
host country if not accompanied by costly screening mechanisms. With such
costly screening, movement of natural persons always increases welfare of the
all agents in host countries, as well as welfare of migrants, but reduces the
welfare of agentswith low quality human capital in source countries. (JEL F 22,
015, 040)

* The author is the Director of Economic Research of Central Bank of Sri Lanka. The views expressed in this papers
are his own and do not represent those of the Central Bank of Sri Lanka. The author wishes to thank Steve Williamson,
Thomas Pogue, Robert Tamura, Gene Savin and Forrest Nelson and Yi Wen for comments. He also wishes to thank
participants of the Conference on Immigration held at the University of Nebraska, Lincoln, Participants of the Macro
Seminars at the University of lowa. All errors are his own.
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I. Introduction

Services play a dominant role in economic growth and development of a country. Quah
(1997) shows that most of the economic growth in many developed and devel oping coun-
triesarisesfrom growth in the services sector. Inview of the benefits of larger markets, the
World Trade Organization (WTQO) encourages countries to grant foreign service suppliers
greater accessto their markets. The fundamental economic reasoning is similar to the rea
sonsdiscussed in Smith (1776), and reasons behind the benefits of tradein goods. However,
services can be supplied by more ways, or modes, than goods, which are supplied only
through cross-border mode (Mode 1). The other modes of supplying services are through
consumption abroad (Mode 2), commercia presence (Mode 3) and movement of natural
persons (Mode4). To allow services flow through all four modes, countries have to under-
take complicated liberalization measuresin several markets such as financial market, labor
market, and inimmigration procedures.

Services sector spansacross awide spectrum (WTO Secretariat 1991). WTO Secretariat
(1991) has listed twelve categories of services. Production of many of those services re-
quires high quality human capital. Thus, Mode 4 liberalization would amount to significant
extent of high quality human capital moving across countries. The duration of stay by a
service provider in a foreign country is temporary as explained by the WTO Secretariat
(2002). However, WTO Secretariat (2002, pp 2) further explainsthat ‘ thereisno specified time
frame in the GATS of what constitutes ‘temporary’ movement; this is defined negatively,
through the explicit exclusion of permanent presence’. Thus, the duration of stay of a
service provider could be a longer period, as long as the stay is not extended to arouse
political economy issues of migration as discussed in Winters (2002). Thus, | usetheterm
‘migration’ in this paper to indicate movement of natural persons for considerably longer
periods of time. This consideration is realistic since natural persons providing services
tends to stay longer periods in host countries once they establish service centers, or join
service centersdomiciled in host countries. Any short-term movement ismore akinto Mode
1 supply of goods, and does not enable an interesting analysis on the impact of Mode 4
liberalization.

AsWTO Secretariat (2002) indicates, Mode 4 istheleast liberalized mode, which indi-
cates that there is a reluctance to admit natural persons liberally. However, there exists a
genera biasin favor of admitting high quality human capital such as executives, managers
and specialists. Thisisachieved by establishing screening devicesto separate high quality
human capital from low quality human capital.

The objectives of thispaper areto construct amodel of migration of high quality human
capital, to use the model to evaluate the welfare and growth implications of migration in
economies, and to focus on appropriate economic policies for countries. | explain the
motivation to migrate to supply services and motivation to invite such migrants using the
model. Themodel portrays stylized facts of migration such asahost country’sreluctanceto
grant free entry, but preference for screening of natural persons to choose high quality
human capital. The model enables us to examine long run dynamic impact of migration,
which is different from other models such as Winters (2002) which takes into account only
the static impact.
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Theprincipal factor driving economic growth inthemodel isthe accumulation of human
capital. Accumulation of human capital isaprincipal source of economic growth according
toaclass of growth models made popular by Lucas (1988). Theoriesof migration have not
established alink between migration and economic growth.> However, we noticethat econo-
mists have already indicated that migration of high quality human capital causesan adverse
impact on source countries and a positive impact on host countries. During the seventies,
Bhagwati (1976) and Bhagwati and Partington (1976) highlighted the possibility of an ad-
verse economic impact of the migration on poor countries. They went to the extent of
suggesting a compensation scheme for poor countries as the loss of human capital causesa
loss of welfare. Borjas (1994) suggested that “immigrantswith ahigh level of productivity
and who adapt rapidly to conditionsin the host countries' labor market can make a signifi-
cant contribution to the economic growth”.

The model presented in the paper assumes heterogeneity of and private information on
agent typesin countries. Agentsevaluate the costs and benefits of migration before making
a decision on whether to leave the ‘source’ country or to accept a migrant in the ‘host’
country. Although there could be varioustypes of costs, the cost of migration consideredin
this paper arises due to existence of private information on agent types. Different agentsin
acountry areinitially endowed with different levels of unobservable human capital and the
same level of observable human capital. Agentsare of different types based on the endow-
ment of thelevel of unobservable human capital. The agent typeisknown only to the agent.
Hence, if an agent wishesto migrate, she should issue acostly signal indicating her type as
in the Spence (1973, 1974) models of “job market signaling”. The signal is the level of
observable human capital, which has an opportunity cost of acquiring.

Asin Lucas's (1988) and Tamura's (1991, 1994) models of endogenous growth, each
country hasapositive production externality in human capital accumulation associated with
its average level of human capital.? Therefore, a country with a higher average level of
human capital gives greater benefits to its inhabitants. All agents in any country prefer
either toincrease the average level of human capital in their own country, or to migrateto a
country with ahigher averagelevel of human capital, depending on which will increasetheir
welfare. By definition a‘poor’ country has alower level of average human capital than a
‘rich’ country. Hence it follows that, when the cost of migration is lower than benefits, all
agents with higher levels of human capital in the poor country will tend to migrate to rich
countries. Rich countrieswill only allow the migration of agentswith high levels of human
capital.

The existence of apositive production externaity generatesa* strategic complementarity”
in human capital.® Strategic complementarity is the phenomenon where any one agent’s
actions affect other agents' actions. The impact of thison equilibriaisasfollows. If some
agentswith high quality human capital migrateto aricher country from apoor country, it will

1/ A model of international migration was presented in Braun (1993). He imposes a limitation of migration through a
congestion of a natural resource. This congestion eliminates long run growth.

2/ Similar externalities were used in intra-country urban-rural migration models of Todaro (1969) and Glomm (1992).
Harris and Todaro (1970) use a politically motivated minimum wage in the urban sector.

3/ See Cooper and John (1988).
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decrease the average level of human capital in the poor country. This further encourages
other agentswith high quality human capital to migrate. Similarly, if agentswith higher levels
of human capital do not migrate, it will diminish any other agent’sdesireto migrate.

An interesting result arising from the strategic complementarity is the existence of
multipleequilibriain poor countries, when agents’ actionsare nor coordinated, or whenthere
isacoordination failure. For example, if a country is not so poor, costs of migration will
outweigh the benefits of migrationif all agentswith high quality human capital decide not to
migrate. Thiswill lead to ano-migration equilibrium. However, if all but one agent decidesto
migrate, the benefits will outweigh the costs for the particular agent due to the strategic
complementarity, leading to asymmetric Nash equilibriumwhere all agentsmigrate.

The model further revealsthat if a country is poorer than a “threshold poverty level”,
the strategic complementarity and coordination failure may not be strong enough to gener-
ate ano-migration equilibrium. At those poverty levels, the benefits of migration will out-
weigh the costsirrespective of whether other agentswith high quality human capital migrate
or not. Hence, the only resulting equilibriumisamigration equilibrium.

The model has following growth features. In a closed economy high type agents
incomegrowsat alower rate whilelow type agents’ income grows at ahigher rate until both
agent types converge to acommon long run growth rate. Therich country will have ahigher
growth rate than the poor country during the transition. In a perfect information environ-
ment, high quality agentstend to migrateto aricher country. Migration greatly reduces both
per capitaincome and low type agents' income in the poor country. It increases migrants
income and growth rate. However, after migration the growth rate of per capitaincomeina
poor country is higher than the growth rate without migration. This is due to the slower
growth of agents with higher levels of human capital in a closed economy which in turn
slowsdown per capitaincome growth. Once migration takes place, thereisonly onetype of
agents in the poor country, and their human capital grows at the long run growth rate.
Migration increases the per capitaincome and income of all agentsin the rich country.

A comparison of welfarein different equilibriareveal sthat therich country alwaysgains
from migration. Agentswith lower levels of human capital in the poor country alwayslose
welfareinamigration equilibrium. However, the effect on thewelfare of agentswith ahigh
level of human capital in the poor country depends on the relative poverty of their country.
If apoor country’s proportion of low-type agentsislessthan acritical value(i. e. if the poor
country is not so poor), the welfare of agents with higher levels of human capita in a
migration equilibriumislower than thewelfarein the no-migration equilibrium.* But, if the
proportion is larger than the critical value, those agents' welfare is greater in a migration
equilibrium than in ano-migration equilibrium.

The model further reveals that policy option of complete liberalization could possibly
reduce the welfare of the rich or host country, due to the possible migration of low level
human capital. Thus, the host country, or professional groupsin the host country could set
up costly screening systemsto choose only the high level human capital. The policy of the
poor country could be a political outcome as there are different types of agents who also

4/ The critical value is a proportion of agents above the threshold poverty level determined by model parameters.
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differinterms of welfare gainsasaresult of any economic policy. To avoid massmigration
due to strategic complementarity, a poor or source country could improve economic and
social environment to provide additional incentives for the high quality human capital to
remainintheir country.

Therest of the paper is structured asfollows. Part 2 describesthe model environment.
The costs and benefits of migration and agent behavior are discussed in part 3. In part 4,
migration under the assumption of full information on agent typesisconsidered. Migration
under private information and under the two policy aternatives of complete liberalization
and liberalization with costly screening are considered in part 5. Part 6 investigates the
strategic complementarity and its role on generating multiple equilibria and threshold pov-
erty level. Inpart 7, welfare, growth and policy optionsarediscussed. Part 8 concludesthe
study.

II. Environment of the Migration Model

The model is adopted from Thenuwara (1997). The model considers two countries with a
population of agents in each country normalized to 1. Time is discrete and indexed by
t=0,1,2,.... Inboth countries, agentsare of two typesand areindexed by i (i=1,2). Thelower
type (i=1) hasalower initial level of human capital and the higher type (i=2) has a higher
initial level of human capital. Thefraction of type 1 agents (agentswith lower level of human
capital) in thetwo countriesaredenoted asqq, andqq,” respectively,andqq, >qq,". The
two countries are labeled ‘rich’ and ‘poor’ based on the average level of human capital
prevailing in acountry at the beginning of timeO.

At the beginning of time 0, agent type i in any country is endowed with s level of
observable human capital and h',, level of unobservable human capital. The total human
capital of an agent is h | (=s,+h",) Both agent types have the same level of observable
human capital, but different levels of unobservable human capital. Thelevel of unobservable
human capital isconsidered private information. All agents are also endowed with one unit
of labor hoursin each period of time.

Inthe period O, agentsinvest their timein upgrading human capital. They begin produc-
ing and consuming goods starting from period 1. In the period 0, they privately produce
human capital and may decide on migrating and acquire observable human capital to use as

asignal.
Production technologiesin period O are asfollows.
hy =axh, 21
§ =b.(1-x )h, 22

where a>b>1, hiO =5, + hi‘g and fraction of labor hours invested in the

unobservable human capital by an agent typei isx .

At the beginning of period 1, if they have already decided, they issue signals and
migrate. Starting from period 1, they enter into the production of consumption goods and
human capital. They will then be subject to the production externality. Agent typei devotes
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u, fraction of labor hours to the production of the consumption good, and production takes
thefollowing form.
Yie = uitht , Where hit = hltJ +S:- (23)

The production of observable and unobservable human capital after period 0 is given
by (2.4a) and (2.4b).

hitj+1 = a'(xit (1_ Uy )ht )“ Htlia (249)
St = b'((l_ Xit )(1_ Uit )ht )“ Htl_a (24b)

whereO<a<1and H, isthe averagelevel of human capital in acountry, whichisan
externality asin Lucas (1988).

Thetwo equations (2.4a) and (2.4b) could be combined to obtain the aggregate
human capital accumulation givenin (2.5).

hit+1 = A((l_ U;c )hit )05 Htl_a (29)

where A= (aﬂl—a + bﬂl—a)l_“>1.

Agentsderive utility from consuming goods over thelifetime starting from period 1.
The utility isgiven by thefollowing.

U= Z,Bt_l InC, , where 0 <pB <listherate of time preference and c, isthe
t=1

consumption by the agent i at timet.

[ll. The Migration Model

A. Cost of Migration

The cost of migration arises from having asymmetric information on agent types. An agent
isableto migrateif he can convince therich country that heisthe high type. Thisisdone
by issuingasignal. Thesignal isthelevel of observable human capital. At the beginning of
time0, all agentslook alike asthey are endowed with the same amount of observable human
capital. Hence, if the high typewishestoissueasignal they haveto acquire more observable
human capital during the period 0. There is an opportunity cost of acquiring observable
human capital.® In order to obtain aformulafor the cost of signaling in terms of foregone
human capital, consider an agent i investing time X in producing the observable human
capital. Thesigna (s) defined as the observable human capital isgivenin (2.2).

5/ In real life agents in poor countries spend time on preparing for various screening tests, acquiring knowledge in
foreign languages, and acquiring other educational qualifications which do not directly enhance their level of human
capital.
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Thesigna s liesintheinterval [0,3 ] , where the upper bound of the signal is

givenby § = bho. The cost of signaling defined as f(s) arises due to the lower

efficiency in producing observable human capital.

() =Ny —{a(x 0 ) +b(1- 1o} 3

(a—b)
5 (3.2)

f(s)=5

where hl,max = aho
Sincea>b, it followsthat f(0)=0, f'>0,and f"=0

After issuing asignal of strength s, the human capital an agent could acquire is given by
(33).

hil = hil,max_ f(sl) (33)

B. Benefits of Migration

Benefits of migration arise from being ableto livein an environment with a higher level of
human capital externality. Both agent typesin the poor country prefer to migrateto therich
country where the level of average human capital is higher. All agentsin the rich country
prefer to have only the high type agents from the poor country migrate to the rich country.
We assume that migration takes place at the beginning of thetime period 1.5 In order to
compute the benefits of migration, we consider indirect utility of an agent living in acountry
with average human capital {H}; . The indirect utility is given by the solution to the
problem (CP) defined bel ow.

Vi(h) = Max{1nc, + pV,(h,.,)]

subject to

(CP)

Cit = uithit

h,.,= A(L—u ) H I

it+1

h,=h, _ —f(s)isgiven.

i1 i1,max

6/ Even if we drop this assumption it can be shown that the best time to migrate is the beginning of time period 1, for
the difference between average levels of human capital in the two countries increases over time.
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where H, isthe average level of human capital in agent i’ s country of residence. The agent
solves CP by taking the average level of human capital as given. The Lagrangian can be

written as,

(22 —
L= {C_'\ﬁ.a@( ﬁnclt +,B\/i (ht+l)+ Zit [htuit — Gy ]+:uit lA((l_ Uy )ht) Ht1 ‘- ht+lJ}
Initial level of human capital after issuing asignal of strengthsis h, =h, . — f(§)
First order conditions (f.o0.cs) are asfollows. '

F.o.c for consumption,

(3.9
F.o.cfor labor choice,
Aehy =t 0A1-u, ) TheHE" =0 (35)
F.o.cfor human capital level,
AV (hya) =t =0 (36)
Transversality condition is given by
le/lIt h., —0 3.7)

In order to solve the system of equations, the following result from the Envelopetheoremis
used.

1ygl-«o
V, ,(h|t+1) |t+1uit+1 + Iuit+1 Aa(l_ uit+1) h|?+1 Ht+1 (3'8)
Thesolutionimplied by thefirst order conditionsisgivenin (3.9) - (3.11). Appendix A gives
the solution procedure.

u, =1-of, t=1,2,... (3.9
|t+1 A(Ofﬂ) hi?Htl_a t= 1’2’" (3'10)
=(1- ap)h, t=1,2,.. (3.12)

Asshown inAppendix A, (3.7) and (3.8) can be solved to produce

-1 1-o
h, = A'(e)" hg Hiz o,hf} } t=1,2,... (3.12)
5=0L ]

-1 l-o
¢, =(1- o)A (aB)“hs T]| 206, hﬁs} t=1,2,... (3.13)
=07
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The value function of the agent typei in poor country (V) isgivenin (3.14).

V=2 A'n (1—a,6)(A(a,6)“)thi‘H{Zejh;‘f}
t=0 s=0 j
whichissimplifiedin Appendix A to produce
1 (1-a)p
Vi =Ink+mln(hilymax - f(g))+wln Hl' (3.14)

In(1- ¢
where INK=(1-a) + (1= ap) + p ~InAap)”
-5 @Q-p)
It isnoted that the val ue function depends positively ontheinitial level of human capital
and the level of externality in the agent’s country of residence, and negatively on the cost of
signaling.

C. A Model of Agent Behavior

The agent behavior under the assumption of private information is presented as abayesian
Nash game. Itisassumed that different typesof agentsinthe poor country will issue asignal
simultaneously. All agentsin therich country will vote on accepting or rejecting the entry
to the rich country by an agent in the poor country after observing signals. There is no
conflict in voting patterns as all agentsin the rich country wish to have only the high type
agents migrated to their country.

A pure strategy of an agent in the poor country isissuing asignal from the space

s(=[os]).
A purestrategy of the rich country isaccepting or rejecting an agent after observing the
signal.

Agentsin the rich country have the prior beliefs of agents givenas P(i) = 6, ;

where P(i) is the probability that a randomly chosen agent istypei.
The payoff function for an agent inacountry (V) istheindirect utility givenin (3.14).

IV. Migration Equilibria under Complete Information

Itisclear from thevaluefunction derivedin (3.14) that high type agents are aways better off,
the lower is the proportion of low type agents. However, it is assumed that although it
enhances the utility of high type agents in a country, they cannot banish low type agents
from the country because all agents equally share the ownership of the country.

If an agent wishes to migrate from the poor country, she has to show her economic
usefulnessto therich country. When allowing for migrants to enter the country, both types
intherich country will agree on whoto admit. By the construction of the model, all typesin
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the rich country will accept only those agents with alevel of human capital higher than the
averagelevel of therich country. Inorder to seethis consider that j proportion of k (kI{1,2})
type agents with hkO level of human capital enters the rich country. An agent’s value
functionin therich country asderived in (3.14) then has the following form.

- ap |50
x - j
Inh, + -5 In 1+ +1+¢hk1 4.1)

V. =Ink+ ———
" =In +(1—aﬂ)

where b, isthe level of human capital of agent typei in therich country at the
beginning of period 1. The derivative of the value function with respectto ¢ is

N (- 1 \

—= - H*J' 1

a4 [T, 3o,
) +im (1+9)° (4.2)

1+¢ 1+¢

We know that Zj: & hl istherich country’s average level of human capital. Hence, it

isclear from (4.2) that the value function of an agent typei in therich country is

decreasing at all valueof pwhen h, < Zjle jhio.

Hencein an equilibrium al high type agentsin the poor country will migrateto therich
country. Welfareand growth implications of migration with full information arediscussedin
part 7.

V. Migration Equilibria under Incomplete Information and Coordination

A. Migration Equilibria under Incomplete Information and Full Liberalization

Theagent types are considered privateinformationinthispart. Inthisenvironment the host
country will liberally admit any agent from asource country. There are no costly screening
requirements. Thus, the low type agentsin a poor country will have agreater advantagein
migrating to aricher country. Thiswill increase welfare of migrants, and high type agentsin
the poor country, while reducing the welfare of al agentsin the host country. Hence, it is
natural that all countrieswill adopt apolicy of costly screening when agent typeisuncertain,
and only privateinformation.
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B. Migration Equilibria under Incomplete Information, Coordination and Partial
Liberalization with Costly Screening

It is clear that agents in the rich country are not willing to migrate to the poor country.
Furthermore, as explained in the previous part, agents will be able to migrate only if they
have at | east the average human capital level of therich country. Itisalso clear that therich
country will not admit agentsfrom the poor country randomly (without any screening) asthe
expected human capital possessed by an agent isless than the average human capital in the
rich country.

In this part we restrict our attention to the equilibriawhen all high type agentsin the
poor country could coordinate their actions. As explained in the next part, there could be
multiple equilibriawhen the coordination fails.

In the following discussion, we show that under the rational beliefs of therich coun-
try on the agent types of the poor country, two types of pure strategy equilibria could exist.
In one equilibrium, all high type agents of the poor country will migrate to therich country.
Thisequilibriumiscalled the migration equilibrium’?. Theother typeof equilibriumiscalled
the ‘no-migration equilibrium’® where no agent from the poor country will migrate. The
existence of any type of equilibrium depends on the relative level of poverty of the poor
country indicated by the proportion of low type agents (q,).

Defining Equilibria

When defining equilibriawe take into account the rational beliefs of the rich country, costs
and benefits of adapting aparticular strategy by an agent in the poor country, therationality
of such astrategy given beliefs of the rich country, the strategy of the rich country and the
rationality of the strategy of the rich country.

When an agent issuesasignal, heincursacost in termsof human capital accumula-
tion within the period 0 and as aresult utility isreduced. Hence, his action is rationalized
only if he could receive a compensating benefit. The benefit of the action is that the agent
could betransferred to an environment with agreater externality. For example, if ahightype
agent inthe poor country issuesasignal, hewill do soif he could migrateto the rich country
where the human capital externality isgreater. A low typeagent will signal either if he could
migrate or if he could deter high type agents from migrating. In both cases he will enjoy a
higher level of human capital externality.

Anequilibriumisdefined by adapting the signaling equilibrium defined in Osborn
and Rubinstein (1995).

Definition
A Perfect Bayesian Signaling Equilibrium is the set of strategies by the agents in the poor
country, set of posterior beliefs by agents in the rich country on agent types of the poor

country after observing the signals, strategy of agents in the rich country, and resulting
externalitiesinthetwo countries{H, H,} ::1, such that the following conditions are satisfied.
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R1. Sequential Rationality, - given rich country’sbeliefs, the strategy set of agentsin both
countriesis at least as good as any other action. Thisimplies that
a. each agent in the poor country maximizes his utility given his strategy, strategies of
other agent types in the poor country and beliefs and strategies of the agents in the
rich country;
b. Agentsintherich country maximizestheir utility giventheir beliefsand  strategies,
and strategies of the agents in the poor country.

R2. Consistency - { H,, Ht* } ; are consistent with agents’ strategies, and beliefs.

R3. Bayesian Updating - after observing and considering the rationality of action taken
by agentsin the poor country, agentsin the rich country updates their beliefs on the type of
the agent who took the action, according to Bayes Rule.

A migration equilibriumisaperfect bayesian equilibrium wheretwo types of agentsin
the poor country chooseto issuedifferent signals. Therich country could correctly identify
the high type agents, who will be ableto migrate. Inano-migration equilibriumboth types
issue the same signal and the rich country will not allow migration of any agent. Thisis
because the expected level of human capital of amigrant with prior probabilitiesislessthan
the average level of human capital in therich country.

C. Rational Beliefs of the Rich Country and Screening

We argue in this section that the rich country could impose a minimum signal required for
migration that separates the low type from the high type. At this minimum signal, the low
typewill alwaysfind it too costly to migrate. Thehightype may or may not migrate depend-
ing on the benefits of migration. For example, if acountry is relatively poor, the benefits of
migration arelarger, thus providing an incentivefor signaling and migrating. However, if the
gap between the two countriesis not too large, the benefits of migration may not outweigh
the costs, thus providing no incentive for migration.

Potential benefits of issuing asignal by the low type aretwofold. One benefit isthat
they may be ableto migrate. The other benefit isthat they could deter migration of the high
type by issuing the same signal as the high type. The minimum signal imposed by therich
country should be large enough that the low type will not be able to migrate. The rich
country’sbeliefsarerational if they assumethat only high typewill issueasignal larger than
theminimumsignal. Asafirst step of characterizingtheminimumsignal (s ; ) weconsider the
signal that will deter any low type agent migrating to the rich country.

Supposethat alow type agent issue asignal s, and migrate to therich country. The
cost of the signal isf(s,) and the benefit arises from being able to enjoy therelatively higher
externality intherich country .

Their utility after migration, V(s ,H")), isgivenin (5.1).

N 1 (1-a)B \
V1<Sl1H1) =Ink + 1- ap) ln(hll,max - f(sl))+ (1—ﬂ) InH; . (5.2

24 CENTRAL BANK OF SRi LANKA

Tracings28. 7. 2005



THE IMPACT OF THE MODE 4 LIBERALIZATION OF SERVICES ON Economic GRowTH, AND PoLicy OPTIONS

In order for the agent to stay in the poor country, the minimum signal must be madelarge
enough so that the utility from not issuing asignal and not migrating (V,(0,H,)) givenin(5.2)
should be at least aslarge as the utility givenin (5.1).

V,(0,H,) = Ink + ﬁln(hn,max)
+ Mln(el h, + (1— 0, )(h10 max )) (5.2)
(1- ) |
and, V,(0,H,)>V,(s,, H,) (5.3)

Solutionto (5.3) yieldss ; .

Next, we consider the maximum signal that alow type agent would bewilling toissue
in order to mimic the high type. The signal is characterized by comparing the benefits of
deterring migration when all low type agents issue a signal to deter the high type and the
benefits of not issuing any signal and allowing the high type to migrate.

Denoting the maximum signal low type agentsarewillingtoissue ass, ., (maximum
pooling signal), we can show that at thissignal, the low type isindifferent between issuing
and not issuing a signal.

When they issue a signal and deter the high type from migrating the cost is f(sp
and the benefit is the higher externality given by

H, = (01 (hll'max - f (Spmax )) + (1_ 01)(h21,max - f (Spmax )))
Hence an agent’s utility of signaling is given by

1

)

Vy(Spmacs Hy ) = Ik + mln(hnmax ~ £ (Spmar))
1-a)B
+ Wln(ﬁl (hll,max - f (Spmax )) + (1— 91)(h21,max - f (Spmax )))
(5.9
When he does not signal, all high typeswill signal and migrate. His utility isthen given by
1 (1-a)B
V,(0,H; )=Ink+ ———-1Inh +————Inh .
1( l) + (1_ aﬂ) 11, max (1_ ﬁ) 11, max (5.5)
Themaximum signal alow typeiswilling toissueisnow given by
V4(0,H, ) 2 Vy (S, e Hy ) - (5.6)

Hence the signal used in screening isthe maximumof s | ‘andthes, . We can show
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that whentwoinitial levelsof human capital of the two agent typesare sufficiently different,
Suin < S hence we will consider Sy asthe screening signal.

D. Characterizing Equilibria

In this section, conditions under which different equilibriaexist are outlined. We can charac-
terize two types of equilibria, onewhere al high types migrate (migration equilibrium) and
another where no one migrates (no-migration equilibrium). Thetype of equilibrium depends
on whether the cost of signaling for the high type outweighs the benefits.

Migration Equilibrium
In order to show the existence of amigration equilibrium, consider that all high type agents
issueasignd s, larger thans, . According to the ‘intuitive criterion’ discussed by Cho
and Kreps (1988), the hightypewill issueasignal just abovespmax inaseparating equilibrium.
In order to ensure the sequential rationality of the strategy, requirements R1 - R3
givenin definition 5.1 should hold.
R1a i. Hightypeagentsof the poor country should maximizetheir utility.
In order to show this result, consider the benefit of issuing the signal, that is to
receive the human capital externality of therich country.

., 1-6 1-6,
H1 = 2_ 51 h21,max + 2_ 911 (h21’max - f(SS))+ 2_101 hll,max

*

The payoff for issuing the signal (utility after issuing asignal and migrating) is
. 1
V, (s, Hy ) =Ink + m'n(hzmax - f(s,))

(1-a)B [1— 6; 6, 1-6, j
+ (1—,8) In 2—91 h21,max + 2_91 himax T 2_91 (h21,max - f( )) :

(5.7)
Issuing any other signal (s) will result in denying the migration. The utility associated
with this strategy is

1
V,(s,H,) = Ink +mln(h21’max ~ f,(s))

(1-a)p (5.8)
+ Wln((l— 91)( h21,max — f2 (S )) + thllymax )
Sequential rationality requiresVz(SS, H, ) >V, (S, Hl) Vse[0,5]
Rla.ii. Low typeagentsinthe poor country maximizetheir utility.
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Thisrequiresthat if alow type agent issuesthe signal s, he will derive alesser utility
than when not issuing any signal. This follows from the screening by the rich country.

R1b. Acceptingamigrant after observing s, maximizes utility of all agentsinthe
rich country.

This happens when the high type has at least the average human capital of the rich
country after issuing the signal.

Requirements 2 and 3 of the perfect bayesian equilibrium are already incorporated in

therequirements1iand 1ii whichwereverified above.

No-migration Equilibrium
We can show that in a no-migration equilibrium, the cost of issuing a signal by high type
agents is greater than the potential benefits.

Hightypeagents' utility after issuing asignal s, and after migratingisgivenin (5.7).
Since low type agents do not issue asignal, the utility of not issuing asignal is

1 (1-a)B
Vz(o’ Hl) =In k+m Inhzl,max +ﬁ In(q hll,max +(1_ a.t)th,max)' (5.9
Hence V,(0,H, ) >V, (s,, H;) (5.10)

The rich country does not admit any agents as no one issues a signal.

E. Existence of Equilibria

We can al so show that if the proportion of the low typein the poor country isbelow acertain
critical value, we can support a no-migration equilibrium. If the proportion is above this
value, amigration equilibrium could exist. The proof of the existenceiscarried out in several
steps.

First we show that, at higher levels of g,, amigration equilibrium exits and at lower
levels of g, azero-migration equilibrium exists. In order to show this, we consider the
maximum signal ahigh type agent iswilling to issue so that she could separate herself from
the low type (s, ) and the maximum signal alow type agent iswilling to issue in order to
mimic the high type (sp'max). If s, ., islower than S, mac then a zero-migration equilibrium
exits. Onthe other hand, if S, max isgreater thans_ _, amigration equilibrium exists. Next we
show that s is an increasing function of g, and S, max is a decreasing function of g,.
Finally, we show that when g, approaches 1, i. e. acountry become very poor,s_ > S,m
andwhen q, approachesq’, i. e. country isalmost asrich astherich country, s, < S, max
Thenitisshown that there existsaparticular value of g, at whichs = S, mac whichisthe
critical level of poverty.

ax

1ax

Lemmabs.1-

The maximum signal used in separation, s, isanincreasing functionof 6,
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Proof -

Inorder to provethelemma, first we characterizes,  whichisthe maximum signal ahigh
typeagentiswilling toissuein order to separate her from thelow type. Atthislevel of signal,
the utility of migrating should at least be equal to the utility of not issuing any signal and not
migrating. Using (5.10), thiscan bewritten as

V, (Symecs Hi )=V, (0, Hy)
The above condition implies that

* *

1-4 6
5 h21,ma>< + _— hll,max
+Té(h21,max - f(ss,max ))
1 1-a
= “h INhy, +ﬁ In((l— 6, )N e + 6Pt ) (5.11)

The lemmais then proven using the implicit function theorem. The proof isgivenin
Appendix B.

Lemmab5.2 -

The maximum signal alow type agent iswilling to issue, S, mac isadecreasing function
of 6,.

Proof -

Thes .isthemaximum signal alow typeagent iswilling to issuein order to mimic thehigh
type. Thlscould be characterized by using condition (5.6). At the maximum signal,

V4(0,H, ) = Vi (S, e Hy ) -

Thisimplies
L 1-a)p _
(1_ 0(,3) hll max (1_ﬂ) l hllmax -
(hl ))+ (1- a)ﬂln b (hﬂvmax - f(spvmaX)) (5.12)
1-of) ﬂ) =S ) +(1-6) Moo~ F(Spra)))
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Usingimplicit function theorem, thelemmaisproven. The proof isgivenin Appendix B.

Lemmab.3 -

When 6, — 1, then S, max < Smax and when 6, — 6%, then S max > S

smax”
Proof -
Proof isgivenin Appendix B.

Proposition 5.1 -

If the proportion of low type agents in a poor country is above a critical value of 5

endogenously derived using other parameters of the model, amigration equilibrium can be
supported. If the proportion is above the critical value, a no-migration equilibrium can be
supported.

Proof -

Proof followsfrom Lemmab.1- Lemmab.3.

Lemma 5.3 shows that when g, approaches the value q,” , Symac Sim . and when q1
approachesthevalue 1, S, S Symax Furthermore, according to Lemmas5. 2 and 53s .
adecreasing functionof g, and s, isanincreasing function of g,. Henceit foIIows thar[

smax "

there exists a particular value of 6, [98 01 ,1)] at which Symac = S . QED.

Welfare and growth implications of equilibriawith pnvatemformanon arediscussedin
part 7.

VI. Coordination Failure, Multiple Equilibria and Threshold Poverty

In this part we usethe strategic complementarity and coordination failurein order to estab-
lish the existence of multiple equilibria at a given level of poverty and the existence of
threshold poverty level.

The “ strategic complementarity” isthe positive influence on any one agent’s utility
by other agents’ actions as discussed in Cooper and John (1988). It is clear that any high
type agent migrating will cause animpact onthe utilities of other high type agentsin the poor
country. Hence there is a tendency for al high type agents to take similar actions. As
already shown, in a no-migration equilibrium none of the high type agents issues a signal
and migrates. Thisisan equilibrium because issuing no signal and not migrating isthe best
action when other high type do not migrate. However, we can further show that when this
equilibrium occurs, it is likely that a migration equilibrium could also occur. This latter
equilibrium occurs because if other high type agents issue signals and migrate, the best
response by any single high type agent isalso to issue asignal and migrate. Thisis stated
inproposition 6.1.

When thereisamigration equilibrium, ano-migration equilibrium could a so be sup-
ported if a country is above the ‘threshold poverty level’ as stated in proposition 6.2. The
threshold poverty level is defined as the boundary of poverty levels at which the migration
equilibriumisthe only equilibrium that could exist even with coordination failure.
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A. Existence of Multiple Equilibria and Poverty Threshold

Assuming that one high type agent will issueasignal s and other high type agentswill
issues,, thevaluefunction of being in an environment with externality H iswritten as (s,
s,, H). For example, following this notation, the value function of a high type agent not
issuing any signal and not migrating while othersissue signalsand migrating could betwritten
asV(0, s, H). We use this notation when proving the following proposition.

Proposition 6.1 -
If the proportion of low type agentsin a country is below the critical ratio, it could have at
least two equilibria, migration and no-migration.

Proof -
Existence of ano-migration equilibrium if the low type agentsin a country is less than the
critical ratio isalready established in the proposition 5.1.

When al but one high type agent migrate, the situation is similar to acountry with a
very high proportion of low type agents. Hence the optimal action by any high type agent
istosignal and migrate QED.

Proposition 6.2 -
When the proportion of low type agents in a country is higher than the critical ratio, two
equilibriacould exist if the country is not too poor.

Proof -

We have already shown that when a country’s proportion of low type agentsis higher
than the critical ratio, amigration equilibrium exists. In order to prove that an agent’s
action of not issuing a signal in response to other agents not issuing a signal and not
migrating is optimal for acertain range of 6,, consider the utility of an agent issuing a
signal and migrating when others do not issue signals and do not migrate. The agent will
issue the minimum signal required for migration, whichis Sy and the utility is V(spmax, 0,

H,"), where

. 1
V(sIDmax 0, H; ) =Ink + mln(hlemax —f (spmax ))

A=a)B | o *
+ (1- ) In(el LI +(1—91)h21,ma><)'

The externality isthe rich country’s average level of human capital since migration of
one agent does not change the average human capital level of therich country significantly.
Theutility of not issuing asignal when othersdo not issueasignal isV(0,0,H) as given
in(5.9). For the existence of ano-migration equilibrium, it should be true that
V(Syma 0. H; ) <V(0,0,H, ) . (6.1)

pmax ?
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In order to show thisresult, consider animplication of lemmab5.3 which suggeststhat at
thecritical ratio of low type agents the following holds.

V(Spmac: Somac+ H1 ) = V(0.0 H, ) (6.2)

Assuming that when high type from the poor country migratesthe externality of therich
country is greater, we can show that

V(s H, ) >V(S, e 0. H; | (6.3)

Hence (6.1) holds asastrict inequality at the critical ratio of poverty.
Accordingtolemmab.2, Sy isadecreasing and continuos function of 6,,. HenceV(smx,
0, H,") isanincreasing and continuos function of 6,. It can be shown that V(0,0,H,) isa

S

pmax ?

pmax'spmax’

decreasing and continuos function of 6,. Hence, there exitsanon empty sub set of ( 51 , 1]

inwhich (6.1) holdsasaweak inequality.

B. Defining and Characterizing Threshold Poverty

We define the threshold poverty asthelower bound of 6,, ( ;1) at which theinequality

givenin (6.1) doesnot hold. Hence, if acountry hasaproportion of low type agents higher
than the threshold poverty level, strategic complementarity isnot strong enough to support
a no-migration equilibrium. The only equilibrium that can be supported is a migration
equilibrium.

The threshold poverty can be characterized using (6.1) asan equality. Hence at the
threshold poverty level,

V(Syme 0. H; ) =V(00,H, )

Thisimplies

pmax !

mkviiaﬂmm—d%mﬂﬁgggwqmm+ﬁ%ﬂmm)

gy @ 1 )

The equation (6.4) suggests that the threshold poverty is an increasing function of

=Ink + 64)

theratio of low type agents( 91) intherich country. At very low levelsof 9; , thethreshold

poverty may not exist since the rich country is too rich for an agent to be able to migrate.
When is too high, migration may not overweigh the costs thus increasing the threshold
poverty to avery high level. Figure 1 illustrates the boundary of threshold poverty.
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C. Summary of Results

In this section we summarize the results obtained so far. The figure 2 shows the threshold
poverty level and critical poverty level. The horizontal line in the figure depicts different
poverty levels (ratio of the low type agents) of the poor country. Comparison of value
functionsin each region depicted in figure 2 isasfollows.

1.Inregion1,i.e.[0,0)

Value of signaling and migrating when other high type agents migrate, V(spmax, S H L) is
smaller than the value of not signaling and not migrating when others do not signal and do
not migrate, V(0, 0, H,), but it is larger than the value of not signaling and not migrating
when others signal and migrate, V(0, S . ), and the value of signaling and migrating
when others do not signal and migrate, V(0, Sy H,).

e V(05,0 Hy )<V(S, 0. H; )< V(
Inthiscase most likely equilibrium isthe no-migration equilibrium.

s _— S ma» Somac» Hy )< V(0,0 H,)

2.Inregion2,i.e.[§,z)

Value of not signaling and not migrating when other high type agents do not signal and do
not migrate, V(0, 0, H,) , is smaller than the value of signaling and migrating when others
signal and migrate, V(s . ST H,"), but it is larger than the value of signaling and
migrating when others (fo not signal and do not migrate, V(sm,o, H,).

i€ V(S e Spmacs He )>V(0,0,H,)>V(S, 1,0, H; )
In this case multiple equilibriacould take place.

pmax ! pmax !

2.Inregi0n3,i.e.[z,1)

Value of signaling and migrating islarger than value of not signaling and not migrating

no matter what other agents do. i. e. V(0,0, Hl) <V(Spmax + Spmax » H1) and

V(0,0, H*) <V(Spmax 0, Hl) In this case only possibility isthe migration

equilibrium.
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Figurel- Threshold Level of Poverty asa Function of
theproportion of low typeagentsin theRich country
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VII. Welfare, Growth and Economic Policy

A. Welfare and Growth in a Closed Economy

Solutions given in (3.10) and (3.11) can be used to discuss the welfare and growth in a
closed economy. A closed economy is considered as an environment where migration isnot
allowed. Hence agentsdo not signal, and theinitial human capital level of anagenti and the

externality of the country are given by ,and

H, Z iVitmax  respectively. Using those solutions an agent i’s growth rates of

human capltal (9,,), consumption (g,), and income (gyit) at timet can be derived.

cit

l-a
(z 91' hjl,maxa‘j
Ohit = Yet =9yt = A(a/B)a J 2 (La) (7.0)

1,max

The per capitaincome of the country is the weighted average of al agents' income. The
growth rate of per capitaincomeisgivenin(7.2).

0.h%, mex
ze y]t+1 ze ujt+l jt+1 — A((Zﬂ)a Z " —

g
" Zjl‘giyjt 20 ult jt 29 hjlmax (7.2)

Since h > Ny e @0 @<1, the following can be established.

20,max
i.) During thetransition, the growth of low human capital agentsisgreater than that of high
human capital agentsinagiven country. Furthermore, thelow typewill grow faster thanthe
long run growth rate, whereas the high type will grow slower than the long run growth rate.

ii.) The growth rate per capitaincome of the country is slower than the long run growth
during the transition period. This is because during the transition the high type grows
slower than the long run growth of the country.

iii). Human capital, consumption and income of any agent i will eventually convergetothe

long run growth rate. i.e. !'_)Q:' Ohit =Yt =9y — A(“ﬁ)a
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iv). Human capital levelsof all agentswill convergeto acommon level,i.e.

. hy o
Lim— — 1; Vi, |

t— e .
it

v). During the transition, the rich country will grow faster than the poor country.

Figure 3 describes the growth in the closed economy. The growth rate of low type
agents' income is greater than the long run steady growth during the transition as they are
benefited by the higher average human capital in the country. The growth of the hightypeis
lower dueto the human capital externality.

B. Welfare and Growth in an Open Economy with Full Information

We have shown that in an open economy with full information all high type agents will
migrateto therich country. Theimpact of migrationisshownin Figure4. Asseenin Figures
4aand 4b, the migration lowersthe growth rate of low type agentsin the poor country. Their
incomelevelswill fall leading to alossof welfare (utility).

As discussed earlier, the per capita income of the country is the weighted average of
agents income. AsseeninFigure4c, the growth of per capitaincomeisslower thanthelong
run growth during the period of transition. However after all high type agents migrate to the
rich country, the growth rate of per capitaincome will convergeto thelong runrate leading
toanincreasein growth. The per capitaincomewill drop sharply asshownin Figure4d, but
will grow faster afterwards.® All agentsintherich country andits per capitaincomewill grow
faster as a result of migration. The welfare of migrants and both agent types in the rich
country increases while the welfare of the low type agents in the poor country decreases.

C. Welfare and Growth in an Open Economy with Private Information

We have shown that if a country is above the threshold poverty level, multiple migration
equilibriacould exist. Asseenin Figure 5, al agentsin therich country are benefitedin a
migration equilibrium. Thelow typeagentsin the poor country are hurt. Welfare of migrants
is different depending on whether the country is below or above the critical poverty level.
When the country isabovethe critical poverty level, (i. e. whenit isnot too poor) migrants

welfareislower inamigration equilibrium. Their welfareisgreater if the country isbelow the
critical poverty level.

9/ A similar phenomenon occurs in the neo-classical growth model. Assuming the steady state of the model, consider
loss of a part of physical capital. This will lower the income level of agents, but the economy will grow faster during
the transition to the steady state.

CENTRAL BANK OF SRI LANKA 35

Tracings28. 7. 2005



STAFF STUDIES - VOLUME 34, NUMBERS 1&2

Figure3- Growth Ratesof Different Agents Income
and Per Capitalncomein aClosed Economy
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Figure5- Welfare Comparisonsof Different Equilibria
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D. Policy Options

The policy for any country should be designed to enhance the benefits of its people. The
policy options available for the rich country are straight forward. Their policy should beto
impose the minimum required screening signal and allow the migration of high type agents.
Asexplained in part 5, the rich country should not follow apolicy of open liberalization, or
should not randomly choose agents from poor countries, for it will reduce the averagelevel
of human capital in the rich country. There has to be a screening mechanism to allow self
selection of high quality human capital to migrate. Policy options available to the poor
country depends on how poor they are. If the poor country is above the critical poverty
level, (i. e. if itisnot too poor) policieson controlling migration will enhance the welfare of
both agent types. However, if the country isbelow the critical poverty level or thethreshold
poverty level, controlling migration will hurt would-be migrants, but will help the low type.
Hence the policy could be addressed in a political economy framework. The poor country
could avoid herd behavior or mass migration arising from strategic complementarity by
improving the economic and social infrastructure in the country.

VIII. Conclusion

Under the Mode 4 liberalization of services, natural persons can movefreely between coun-
tries. AsWTO explainsthe temporary nature of the movement of natural personsisdefined
negatively, to exclude permanent presence. The presence of natural persons in a host
country has to be for a significantly longer period, since they have to establish service
centers or join service centers domiciled in host countries.

WTO has noted that the Mode 4 liberalization has not taken place significantly, restrict-
ing the movement of natural persons. The model of migration with private information on
agent types presented in this paper confirms this phenomenon of reluctance to freely liber-
alize the movement of natural persons. In this model, migration, or movement of natural
persons for considerably longer periods, takes place from poor to rich countries, provided
the host country adopts a liberal policy coupled with a costly screening system. The cost
encourages self selection, where only those with considerably high human capital could
migrate.

In this environment, there are no incentives to migrate if the source country is suffi-
ciently rich. The incentive for migration increases as the degree of poverty in the source
country increases. After acritical poverty level, multiple equilibriacould emerge. But, if the
poor country isbelow a“threshold poverty level” there can only beamigration equilibrium.

Thedifferent equilibriaarethe outcomesof costly signaling and strategic complementarity.
A rich country can screen the high type by using an appropriately chosen level of observ-
able human capital. If the poor country is considerably poor, the benefits of migration
outweigh the costsleading to amigration equilibrium. However, for any high-type agent, the
gap between costs and benefits depends on whether other high-type agents choose to issue
asigna or not. This strategic complementarity of high type agents’ actions leads to two
equilibria unless the poverty level of the country falls below the threshold poverty level.
However, any high typeagent livinginasignificantly poor country (falling below the thresh-
old poverty level) will chooseto migrateirrespective of the actions of other high type agents.
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Migration reduces the income of |ow type agents and the per capitaincome of the poor
country. However, after the migration takes placethe per capitaincome of the poor country
grows faster during the transition to the long run growth rate. Thisincrease in per capita
income growth isaresult of the absence of high typesin the country after migration whose
growthin aclosed economy isslower than thelong run growth. After migration takes place
only low types remain, and since they are homogenous, the country grows at the long run
rate which is higher than the growth rate in a closed economy during the transition.

Migration alwaysincreaseswelfarein therich country and reducesthe welfare of low
type agentsin the poor country. The change in welfare of migrants depends on whether the
poor country isabove or below a“critical poverty level”. If the country isabovethecritical
poverty level, i. e. not so poor, would-be migrants (i. e. high type agentsin the poor country)
will have a higher level of welfare in the no-migration equilibrium than in the migration
equilibrium. Hence ano-migration equilibriumispreferred by both agent types. However, if
the poor country is below the critical poverty ratio, the migration equilibrium increases the
welfare of migrants. A poor country lying abovethecritical poverty level could draw appro-
priate economic policiesto avoid the migration equilibrium, which will benefit all agentsin
the country. However, if acountry isbelow the critical poverty level, thereis no economic
policy which will benefit all agent types. Hence policy could be apolitical outcome.

The policy for any country should be designed to enhance the benefits of its people.
Thepolicy optionsavailablefor therich country are straight forward. Their policy should be
to impose the minimum required screening signal and alow the migration of high type
agents. The rich country should not follow a policy of open liberalization, or should not
randomly choose agents from poor countries asthiswill reduce the average level of human
capital intherich country.

Policy options available to the poor country depends on how poor they are. If the poor
country is above the critical poverty level, (i. e. if it is not too poor) policies on controlling
migration will enhancethe welfare of both agent types. However, if the country isbelow the
critical poverty level or thethreshold poverty level, controlling migration will hurt would-be
migrants, but will help the low type. Hence the policy could be addressed in a political
economy framework. The poor country could avoid herd behavior or massmigration arising
from strategic complementarity by improving the economic and social infrastructure in the
country.

The paper considered only a one-time migration. Continuing migration could be
addressed when population growth isintroduced to the model. Thisisleft asadirection for
future research.
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APPENDIX A

DERIVING THE VALUE FUNCTION FOR THE MODEL

A. 1 Solution to the Set of First Order Conditions

1 1 1
Equation (3.4) gi it =~ Al
quation (3.4) gives “i ¢ uh (A1)
Subgtitutingt+1fort, (3.5) yields
At (1= Uy py) = #,, 01— uit+1)a T H (A.2)
(A.2)in(38)yields, V" (h.,) =4 (A.3)
(A.3) and (3.6) could be used to produce
M = Pl (A.4)
/,i’it-#l uit ht

A.l)yidd = A5
( )yl . lit uit+lht+l ( )
Using (A.4), (A.5) canbewritten as

My _ Uy h, (A.6)
/Bﬂit uit+lhit+l '
Using (3.5) again and substituting the budget constraint for h, ., (A.6) isre
writtenas

uit+1(1_ Uy, ) - aﬂut =0 (A7)

Fixed pointsof thedifferenceequationin (A.7) areOand (1- of3). We

dsohave A/, / A =1/ off; >1. Henceusing thetransversdity conditionwe
can deducethat the system does not show any transitional dynamics. The

stationary |abor choiceis (1- ).

42 CENTRAL BANK OF SRi LANKA

Tracings28. 7. 2005



THE IMPACT OF THE MODE 4 LIBERALIZATION OF SERVICES ON Economic GRowTH, AND PoLicy OPTIONS

A.2. Human Capital Accumulation Process
UsingtheresultinA1l, thefollowing processisderived.

h, = Ala) hiH ™
= Alaf) " hzH,

1-o

= Alap)"| Alo) iR ] | 36, Ao)” hiHy
]
l-a
= A (o) 1, Hj“{z ejhﬁ}
hyy = AlaB" W HT
- ® -
= Alag” {Aﬂ.aﬁ. B HY l‘j ;gj} } {v%aﬂ.aﬁ.“ By HT® {2 Ak } }
J J

1o -5
o] Tomlon]
J )

j—
A g™ b HE {'j a,zg;;} {': A }
' J

J

l1-u

s=1L J

a 1- o
- (a8 b 1 H{E &, }

Hence

he = (A%ap)“hS T] Zejhﬁs} (A8)
=0
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A.3. Consumption Path

c.=uh = 1 ap Wap) v [ S o |

1-o

= (1- aﬂ)At(aﬂ)mh‘i‘l[ Zejhﬂ (A9)

A.4. Value Function

=iﬁmq

t=0

t—

=3 p In{(l— op)| Ale)”) 1, {Z o H

t=0 S=

t=0

-3 ﬂt|n(1_aﬂ)+§ﬂtln(A(aﬂ) i +Zﬂ Inh: +Zﬂ InH{Ze,hﬁlT .

8

=25 |f‘(1—aﬂ)+ZﬁIInA(aﬂ) +z(a/;) Inh, +(1-a ZﬂZIr{JZe,-hﬁ] (A.10)

Inorder tofurther smplify (A.10), following resultsare used.

DB = (A.12)
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Y Bt =pB+2p%+38%+..
=B+ + B+ B+ B+ B+ A+

Aol ity

(A.11) and (A.12) in (A.10),

_In(1- ap) Jij
Vi=Taop Taspy?

+(1-a)+ (%1_—02’)8'”[2]-“ Hjhjlj + 8: ;;éﬂ‘ In(zj: Qh;’;‘j.

In A(eB)” +

1
—(1_ B) Inh,

consider j e%:gjhjl appearedin (3.8). It should benoted that for large

valuesoft, jelgfhjl reducesto 1 and the log of thisvalueiszero. All other

termsof hj"lt areconsidered significantly smaler than h;,. Hencevaluefunction
canbewrittenas

B |n(1— Ofﬁ) ﬁ a 1
Vv, = -5 T pr In A(eB) s aﬂ)lnhil
+(1-a)+ (:(Ll__aﬂ))ﬁln(zj: Hjhjlj. (A.13)
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APPENDIX B

PROOFS OF LEMMAS 5.1-5.3

B. 1 Proof of Lemma 5.1

Equation (5.11) could bewritten as

r(hm f(smj
fi= (1- 043)

-ap, 2—51%*2—191

%(mm ~ (S

. ) (1-6) g =0
- +
oy
$s,max _ $s,max
Implicitfunctiontheoremstatesthat g, ~ oF, (B.2)
76,

o o
Usingtheresult f ’>0discussedinPartl, 5 - iIs<0 and 791 is>0. Hence
1

S, max

=>0.

we can show that 76,
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B.2. Proof of Lemma 5.2.

Equation (5.12) can bere-written as

1 [hll,max - f (Sp,max )j
In

"= - ap) Moo
IR L O e L () | I GRS
1- ) .
o,

Usingresult f”>0, itiseasy to show that 5 <0. It canalso beshown
P, max

d:
that —0-,01 <0 Hencetheimplicit function theorem derivestheresult.
1

B.3 Proof of Lemma5.3
The proposition is proved by examining the functions F, and F, defined above.

UsingF, itiseasy toshow that when®, — 1, thens, _ — 0.UsingF; it could be

shownthat when®, — 1, s, should remain non zero for F, to hold. Hence

'S, max

when®, — 1, thens _ <s .

Consider 6, — 6* .

ThenF, and F, takesfollowing forms.
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1 7 ~s,max

Fl(e* S ) 1 In(hﬂ,max - f(%max)]

- (1_ OIﬂ) h21,max
1-6, 6 -6
L 1-a)p, 12-6 Moamac +5 eg*h“'“‘a* * 2-6, P (5 ~0 (B4)
(1— ﬂ) (1_ 01 )th,max + 91 hll,max

and

. _ 1 h.'I.LrT’GX —f (Sp,rmx)j
Rl )= o '{ oo

_ 9:: max f max 1- [ max f mex
L 1-a)p, (hn (Spv )) +(1-4 )(hﬂ (Spv )) -0 (B5)

(1-5 .

Wewish to show that theroot of Fl(HZ , Ss,max) = 0, issmaller than theroot of
F, («91 + Sp.max ) = 0, In order to show this, we establish that on the F - splane,
i.  both Fl(HZ,SS’maX) and Fz(«?;,spymax) are concave downward, and

i.  F,(81,S, e ) liesabove Fy(6},S, ) until Fy(6},, . ) approaches
thevauezero.
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Both functions can be proved concave downward by examining the first and second
derivatives. The strict convexity of cost functions of signaling (f, andf,) ensuresthe
property (i) above.

In order to show the property (ii) above, consider the behavior of two functions at s=0.

* (1_ a)ﬂ (1_ 91* )h21,max + 91* hll,max + (1_ 91* )h21,max
F, (6 ,0) =
l( ' ) (1_ IB) n[ ((1_ 91* )h21,max + 91* hll,max )(2 - 01*) ] (BG)
. _ (1— OK)ﬂ (1_ ‘91* )h21,max + 91* hll,max

For.F,(6;,0)> F,(#;,0), it should bethe case that

. (26t + 6y )26
Definez=h,, _/h Then, (B.8) becomes,

20,max ~ 10,max"

l:(l_ 9:: )hzl,max + 91* hll,max :I S [(1 9:: )thmax + 91* hll,max + (1_ 91* )hzl,max } B 8)

2(1-6,)z+6,
(6, +(1-6))z)(2-0,)

0, +(1-6"1)z>

re-arranging,

5 _ 2(1-6,) . 6,
(2—9;) (2—9;)

{ 1—9;}2 0, (1—91)2 1
y > — + L = .
2-6, (2_91) 2-6, (2—91)
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Z>1_9ii 1*
~6, 2-46,
i.e.Z>2_;* orl (B.9)
1

Sincez>1, theinequality holds.

In order to prove the Lemma, we should show that F, lies above F, everywhere on s, until
F, approaches zero or any negative value. This can be shown using the value of s, which
isthe maximum signal that will still keepsthe human capital level of ahigh type agent
greater than the average human capital level of therich country. Thevalueof s, s, can

be derived using the following constraint.

e = £(8) > 6 0y o + (1= 6 )Ny
= f (Smax) = h21,max - Hl*hll,max - (1_ 01* )th,max (B.].O)

Wewill show that at thislevel of s, F,>F and F, <O.

* (h21,max - hll,max)
Fu(6 S ) = mm 1-6 . whichis<0. (B.11)

Fz(q’s‘m()z(l_tﬂl 1—q(m::m) +(11__0’gﬁ | E:_zq(m:n;mm) (B12)

For 6,"<0.5, . F, (6}, Sa)> 0> Fi(6],5,,).

The proof then follows.
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