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1 Introdu
tionOne of the problems with free trade is we never 
ompensate the losers. We always say that thereare more winners than losers, and that's true. But there are losers, and we're not helping them.[Clyde Prestowitz, President of the E
onomi
 Strategy Institute.℄1When a
ademi
 e
onomists tea
h their students about bene�ts from free trade, the fo
us of their attentiontends to be on the gains in the aggregate eÆ
ien
y. It is widely known that international trade, like anotherway of transformation than a produ
tion te
hnology, will expand the set of feasible allo
ations fa
ed by ane
onomy as a whole. Nonetheless, international e
onomists are qui
k to point out that trade liberalizationalmost always brings redistributive 
onsequen
es among individuals within the e
onomy.(Rodrik 1997, p.30)Thus, a 
hange in the terms of trade favors some groups of individuals over other groups.2 This is indeedan area where the prote
tionists 
an have the upper hand over the free traders. Of 
ourse, some e
onomistswould argue that 
ompensation of the losers 
ould take 
are of the problem.3 After all, we will have a largerpie to share, and we 
an 
ompensate losers in full even if we make all the bene�
iaries from trade happier thanthey are in autarky. In the real world, however, many have grown dis
ontented with the 
urrent situationsurrouding 
ompensation s
hemes.While this se
tion's epigraph, by Clyde Prestowitz, implies that 
ompensation for losers is either absentor insuÆ
ient, a 
ompletely opposite opinion appears in the quotation from The Washington Post. It 
laimsthat the present 
ompensation s
heme, in the form of the Trade Adjustment Assistan
e (TAA) program, isfar too magnanimous, and 
ould put a huge strain on the federal budget. Taking it for granted that the re
entexpansion of the TAA program would be approved by the Senate in ex
hange for the president's fast-tra
k\trade promotion authority" bill, the Post goes on to note that
onservative 
riti
s are dismayed at the 
on
essions they were for
ed to make, and they are hopingthat budget 
onstraints will prevent the establishment of a large new entitlement program.\So
ialist governments all over the planet are trying to stop doing this kind of thing, and now we'redoing it," said Sen. Phil Gramm (R-Tex.), referring to government largess for the unemployed.4All of this re
e
ts a growing sentiment among 
onservatives that the prote
tionist 
ompensation s
hemes,when and if they exist, tend to shell out so mu
h money that the so
iety 
an a
tually end up over
ompensating(some of) the losers. This paper's model seeks to explain the diÆ
ulty of ensuring Pareto gains from trade whenindividuals are heterogeneous and 
an freely move between di�erent se
tors. It 
on
ludes that no government
an attain Pareto improvement unless it makes ineÆ
iently larger transfers than are a
tually ne
essary.1Los Angeles Times: Friday April 5, 2002. Part 3, Page 3, \President Pushes Lawmakers to Expand Trade Legislation: Bushseeks `fast-tra
k' authority. Demo
rats want help for U.S. workers hurt by foreign 
ompetition."2For the des
ription of a 
lassi
al example, see for example Stolper and Samuelson (1941).3This is known as the 
ompensation prin
iple. However, the 
ompensation 
riterion requires only a \potential" Paretoimprovement. The 
riterion does not ask whether the a
tual 
ompensation takes pla
e.4The Washington Post: Saturday August 03, 2002. Page E01, \Trade Bill To Help Laid-O� Workers; Vi
tims of Imports WinAdded Bene�ts." by Paul Blustein. 2



The paper proposes a model of o

upational 
hoi
e in whi
h we 
apture the realisti
 aspe
ts of diÆ
ulty ofidentifying gainers and losers from trade by introdu
ing agents who di�er in their relative and absolute talentsto undertake di�erent o

upations. The model a
hieves aggregate gains from trade even when individualsare allowed to swit
h jobs (or equivalently we observe temporally displa
ed workers). In order to e�e
tivelypla
e the displa
ed individuals within a general equilibrium (full employment5) framework, I assume that ea
hindividual fa
es an o

upational 
hoi
e.6Changes in terms of trade may boost the best out
ome available to some agents, while worsening thebest out
ome for others. Some people are stu
k in their industry (job-stayers), while others may swit
h theiro

upations (job-swit
hers) owing to a 
hange in the e
onomi
 environment. The distribution of fortune andmisfortune spreads a
ross the whole population, a�e
ting both job-stayers and job-swit
hers alike. When weimagine the world of He
ks
her-Ohlin or spe
i�
-fa
tors trade models, it is not diÆ
ult to identify gainers andlosers from trade.7 In the model with o

upational 
hoi
e, it turns out to be very diÆ
ult to identify gainersor losers among those who swit
h their o

upations. As a result it is hard to design a redistribution programthat targets only those harmed by trade openings.The primary reason for this diÆ
ulty is in the assymmetri
 information between the government andindividual agents. The gains or losses from trade depend upon the relative sizes of an individual's a
tually-usedand unused-latent talents. While we 
an observe a
tually-used talents of the individuals, we 
annot observetheir unused-latent talents. Even if the government 
an 
ondition its taxation s
heme on those variables thatrepresent an a
tual use of the fa
tors, the (infeasible) �rst-best 
ompensation s
heme must also base its taxrates on the latent talents of job-swit
hers. It is not diÆ
ult to show that there are individuals who areidenti
al in terms of 
urrent use of their talents, and yet are either gainers or losers due to di�eren
es in sizeof their latent talents. Given the usual s
heme of taxation and subsidy, the government has no me
hanism toindu
e individuals to reveal their latent talents. This means that if it wishes to ensure a Pareto improvementfrom autarky, the government 
annot avoid the over
ompensation problem, and thus in some 
ases fails tobalan
e its budget.1.1 Heterogeneity of Agents in This PaperIn the model proposed in this paper, I presume the individual agents to be doubly heterogeneous, in the sensethat they di�er in both the absolute and relative magnitudes of their 
apabilities in their di�erent o

upations.5Those interested in the issues of stru
tural unemployment and gains from trade may wish to refer to the paper by Bre
herand Choudhri (1994).6A good justi�
ation of this full employment assumption (with o

upational 
hoi
e) has been provided by Daniel T. Griswold,asso
iate dire
tor of The Center for Trade Poli
y Studies at The Cato Institute, a libertarian resear
h group: \trade had littlelong-term impa
t on the overall number of jobs, be
ause the Ameri
an e
onomy tended to 
reate jobs in more sophisti
atedindustries to repla
e those that are lost." in The New York Times: Tuesday O
tober 29, 2002. Page 11, \TRADE WINDS;Global Trade in Elmwood Park: Familiar Saga With a Twist."7For su
h parti
ular results within the He
ks
her-Ohlin framework, see Stolper and Samuelson (1941). For the spe
i�
-fa
torsmodel, see Jones (1971) and Samuelson (1971). 3



Let us explain the heterogeneity used in the model via an example.Suppose that every individual 
ould, in prin
iple, work either as an opera singer or as an e
onomi
sprofessor. Naturally, every individual di�ers in how well he 
an sing opera arias. The same 
an be said aboute
onomi
 professorial skill. These di�eren
es 
an be 
alled heterogeneity in absolute advantages. Of 
ourseno individual is going to be equally good at both things. Individuals' relative strengths are always going tovary widely. These varian
es 
an be 
alled heterogeneity in 
omparative advantage. Some will be very goodat singing but medio
re at e
onomi
s, others the other way around, and still others good at both. A way to
apture these di�ering absolute and 
omparative advantages is to assume that for every individual j 2 J , thereis a ve
tor (�j ; � j) of ability. The element � (of the ve
tor) measures how mu
h \e�e
tive output of e
onomi
-professorial servi
es" the individual 
an produ
e in a given period, while the other element � measures howmu
h \e�e
tive output of opera singing" the individual 
an produ
e over the same period. The size of theseelements will inevitably di�er a
ross individuals, and this fa
t bespeaks a heterogeneity in absolute advantage.Also, the ratio of the elements of the ability ve
tor, �=� , re
e
ts the size of the 
omparative advantage anindividual possesses in e
onomi
s professorship.8(RuÆn 1988) A relatively low �=� indi
ates a 
omparativeadvantage in opera-singing. Note that my model shares many aspe
ts with the Roy (1951) model that hadbeen put forth within the �eld of labor e
onomi
s.9Furthermore, every individual j fa
es an o

upational 
hoi
e in his life. Be
ause I model this as ano

upational 
hoi
e, the de
ision is a dis
rete one: whether to work as an opera singer or as an e
onomi
sprofessor. Of 
ourse the de
ision will depend on su
h e
onomi
 variables as relative output pri
e. Given aparti
ular e
onomi
 environment, an individual might 
hoose to be an opera singer, but wish to swit
h tobe
oming an e
onomist after a 
hange has o

urred in the terms of trade. Note as well that ea
h element ofthe ability ve
tor is indivisible and non-transferable.10 (Dornbus
h, Fis
her and Samuelson 1977)The remainder of this paper is divided into eight se
tions. In the next se
tion, I present a non-te
hni
aloverview of the model. In se
tion 3, I develop a simple general equilibrium trade model having two �naloutputs. This model 
omprises a large number of heterogeneous agents who possess both generi
-mobile andindividual-spe
i�
 o

upational fa
tors. I examine the Walrasian (trading) equilibrium of the model, andshow that there are aggregate gains from trade. Se
tion 4 is devoted to the presentation of the key result asto the existen
e of gainers among displa
ed individuals. Se
tion 5 introdu
es the pertinent de�nitions and8The setup is somewhat similar to the model of interpersonal 
omparative advantage introdu
ed in RuÆn (1988). WhileRuÆn's model allows for the multi-se
tor use of the same fa
tors of produ
tion, I model this 
omparative advantage as a sour
eof o

upational 
hoi
e. Also, my model allows for a 
ontinuum of varieties of individual heterogeneity, whereas RuÆn introdu
eda �nite set of groups of individuals. RuÆn's 
ase would violate my model's assumption of atomless agents.9I was not aware of the labor literature until I had 
ompleted my analysis of a similar model as Roy. I thank Sujata Visariafor bringing my attention to the literature on labor e
onomi
s.10In a sense, the e
onomy in this model has some similarity to the Ri
ardian e
onomy with a large number of 
ommodities inDornbus
h, Fis
her and Samuelson (1977). Whereas the Dornbus
h-Fis
her-Samuelson model fo
uses on 
omparative advantagea
ross di�erent 
ategories of outputs, my model emphasizes both the absolute and the 
omparative advantages of individuals'talents. Another di�eren
e: our model fo
uses primarily on the welfare 
hange of individual agents, while also examining those
ompensation s
hemes that seek to attain the Pareto improvement.4



properties of 
ompensation s
hemes. Se
tion 6 seeks to arrive at an unanti
ipated 
ompensation s
heme byusing various taxes and subsidies based on the 
urrently observable variables. Se
tion 7 looks at the 
asein whi
h individual agents learn about the 
ompensation s
heme and explore the disin
entive problem bymanipulating the me
hanism. The �nal se
tion o�ers some 
on
lusions, and proposes a few future extensions.2 Overview of the ModelLet me begin by providing a non-te
hni
al overview of this paper's analyti
al approa
h, postponing until thenext se
tion the formal development of the model. Parts of the model's stru
ture bear a 
lose resemblan
eto the independently dis
overed framework11 �rst proposed in Roy (1951) and elaborated on by Rosen (1978)and Mussa (1982, pp.131-134). Consider a small open e
onomy that fa
es exogenously given internationaloutput pri
es. Output markets are assumed to be 
ompetitive, both internationally and domesti
ally. Puttingaside the distributional 
on
erns, it 
an be said that in the aggregate sense free trade is more eÆ
ient thanany form of restri
ted trade for su
h an e
onomy be
ause there are no terms-of-trade externalities and hen
eno room for optimal tari�s. The e
onomy 
onsists of a 
ontinuum of individual agents who own two types offa
tor endowments: generi
 fa
tors, and o

upation-spe
i�
 talents.The generi
-type fa
tors are homogenous fa
tors of produ
tion whose property rights are well de�ned andtraded 
ompetitively via the domesti
 markets. Examples of these generi
 fa
tors are unskilled wage labor,
apital goods whose values are easily transformed into money or other types of 
apital goods, and all kinds ofhomogeneous inputs used in the produ
tion of outputs.O

upation-spe
i�
 talents (or o

upational abilities) 
hara
terize the heterogeneity of individual agents inthis e
onomy. Agents vary in both their absolute and their relative strength in the di�erent o

upations. Theo

upation-spe
i�
 talents are spe
i�
 to the individual and to the industry (or 
hosen o

upation). This 
anmean that human 
apital is se
tor-spe
i�
, and yet an agent still 
an have multiple talents in di�erent se
torsin di�erent degrees. In addition to the spe
i�
ity of talents, the other important 
hara
teristi
 of this spe
i�
fa
tor is that it is intangible.12 (Murphy 1986) Unlike the generi
 fa
tors spoken of in the previous paragraph,the property rights of the spe
i�
 talents (or o

upational abilities) are embodied in ea
h individual. In otherwords, the o

upational talents are intangible and non-
ontra
tible.13 Given that these talents belong to a11It was only after I had 
ompleted my analysis that I dis
overed these 
lassi
 works by Roy (1951), Rosen (1978) and Mussa(1982) that introdu
e similar setups of the model I provide here. The Roy model is used to analyze the inequality of earningsby individual workers, but never used for the analysis of international trade. Rosen applied the Roy framework for the 
asewith 2 workers and many jobs. Mussa introdu
es a similar setup as a way of ba
king up his assumption about the 
onvex inputtransformation 
urve. Despite our similarity of setups, however, Mussa never solves for the analysis I provide here in this paper.12To put this matter di�erently, \human 
apitals are embodied in ea
h individual" as Kevin Murphy says in his unpublishedthesis.13This intangible nature will explain the non-veri�ability and the non-transferability of the individual's talents. The reason weassume here that the property rights are not well de�ned is that we seek to ex
lude the possible existen
e of both insuran
e andsto
k markets for the talents of individuals. 5



utility-maximizing e
onomi
 agent, I postulate that the o

upational abilities are indivisible.14 I also assumethat every individual agent in this e
onomy is a residual 
laimant of his own spe
i�
 talents that are in a
tualuse.Furthermore, I presume that ea
h individual undertakes only one o

upation at a time. The de
ision isdis
rete; I do not allow for the existen
e of individual agents who are employed in multiple se
tors.15 Usually,this type of non-
onvex de
ision-spa
e would 
reate diÆ
ulties for us in terms of verifying the existen
e of theequilibrium; here however, we are depending upon the result a
hieved by Hildenbrand (1974), who showedthat non-
onvexity 
an be over
ome by having a 
ontinuum of atomless16 individual agents. (For the relevant
ases of a large e
onomy with non-
onvexities, see also Mas-Colell, Whinston and Green (1995, Se
tion 17.I,p. 627).)Ea
h individual agent is a residual 
laimant who 
olle
ts all the residual pro�ts after paying the 
ost ofprodu
tion that is in
urred for any generi
 fa
tor of produ
tion.17 Note that the individuals are residual
laimants for the \a
tual use" of their talents. They may have many di�erent kinds of \latent" (unused)talents, but to these they 
an lay no 
laim. In other words, a person 
hooses to produ
e a good by hiring asmany inputs as ne
essary from the 
ompetitive markets, and he then earns residual pro�ts from his a
tivity.However good he may be at any other job, he 
an lay no 
laim to the residual pro�ts from those a
tivities inwhi
h he is not a
tually engaged. By 
hoosing one job over another, a person forgoes his other opportunities.The opportunity 
ost for the person 
an be said to be the return from his se
ond-best job, given the termsof trade.18 The di�eren
e between his a
tual return and his se
ond-best return will di�er a
ross individuals.Then too, the ranking of the best jobs may 
hange when the environment 
hanges. Nevertheless, I still 
an
laim that a person is a residual 
laimant for his best talent, given the environment.Now that we have depi
ted the nature of the fa
tor endowments held by individual agents, let us nowpresent a simplest possible general equilibrium model, namely the one with two output goods and thus with14In other words, I assume that the individual will make a full e�ort, and thus I believe that the return for this o

upationaltalent will appear in the form of residual pro�ts rather than as market pri
es multiplied by the number of eÆ
ien
y units. Thisis be
ause the use of talent fa
tors is not in the utility fun
tions of individual agents. When the 
ost (disutility) of e�ort is zero,agents will maximize their e�ort-level up to the limit so that they 
an 
onsume as large a set of 
onsumption bundles as possible.For the analysis of 
hoi
e of e�ort level when individual tastes in
lude a disutility from making some e�orts, see Spe
tor (2001).15Remember, Feenstra and Lewis (1994) allow for the supplying of one fa
tor to multiple industries. They do not, however,allow for the existen
e of perfe
tly mobile generi
 fa
tors, as we do in this paper.16\Atomless" means that no point measure has a positive Lebesgue measure.17This notion of residual 
laimant property should not be interpreted too literally. It tries to 
apture the spe
i�
ity of a
ertain fa
tor of produ
tion, and the diÆ
ulty of verifying its magnitude. Any worker in the e
onomy possesses both the generi
fa
tors and the human-spe
i�
 and industry-spe
i�
 talents. One interpretation of this notion of residual 
laimant property is theself-employment of an agent. We are not, however, restri
ted to the self-employment interpretation. For even if the individualis hired by some outside �rm, he still has full negotiating power to get all the residuals from produ
tion, be
ause he still has anoutside option of be
oming self-employed. Thus we 
an assume that all the individuals in the e
onomy are residual 
laimants ofthe talents a
tually used in their 
urrent produ
tion pro
ess.18In this sense the size of the opportunity 
ost, as well as the size of the fa
tor return, 
hanges when there is a 
hange in theterms of trade. 6



two o

upations and one generi
 fa
tor.19 Let X (respe
tively, Y ) denote the output good that is an export(respe
tively, import) good for home, and that is produ
ed with the o

upational ability � (respe
tively, �).Let K denote the total amount of the generi
 fa
tor endowed in the e
onomy. An individual j 2 J 
an be
hara
terized by an o

upational ability ve
tor (�j ; � j) and by an endowment of generi
 fa
tor Kj . Let PXand PY denote the output pri
es for X and Y . Let r denote the market pri
e for the generi
 fa
tor. Givenea
h individual's endowment of ability and generi
 fa
tor, he 
al
ulates the potential residual returns fromevery (here, two) o

upational 
hoi
e.Let �X and �Y denote su
h residual returns from two se
tors. Agents 
an freely trade generi
 fa
tors at themarket pri
e r, in order to maximize their best available o

upational returns. Sin
e agents are pri
e-takers inboth the output and the generi
-fa
tor markets, they 
ompare the expe
ted residual returns between di�erento

upations. Agents will 
hoose whi
h se
tor to produ
e as they 
ompare: �X R �Y . The e
onomy takesthe distribution of the ability ve
tors to be given by (�j ; � j) � F (�; �), where F (�; �) represents the joint
umulative distribution fun
tion. I assume that F (�; �) has a full support over a 
ompa
t and 
onvex set, andthat its shape is 
ommon knowledge. Its density fun
tion f(�; �) is bounded, and 
ontinuously di�erentiable.I also assume that the available te
hnology (produ
tion fun
tions for both X and Y ) is 
ommon knowledgeas well. The te
hnology is 
hara
terized by 
onstant returns to s
ale. Its produ
tion fun
tion is in
reasingin every input and is twi
e 
ontinuously di�erentiable, stri
tly 
on
ave, and satis�es the Inada 
onditions.The tastes of the 
onsumers are assumed to be identi
al and homotheti
. Therefore, I fo
us on the agents'heterogeneity with respe
t to their fa
tor in
omes.Figure 1: Value of marginal produ
t for the generi
 fa
tor.

VMPKx VMPKy

kx ky

r(p) r(p)

πX(p,θ)πX(p,θ) πY(p,τ)πY(p,τ)

19Many parts of this analysis 
an also be applied to the basi
 diagrams used in the spe
i�
-fa
tors model of trade.7



The terms of trade, the relative pri
e between X and Y (
an be represented as PX=PY ), is the key de
isionvariable for ea
h individual. To see this 
learly, we 
an utilize familiar diagrams normally used to des
ribespe
i�
-fa
tor models of produ
tion. (See Fig. 1.) Given both the spe
i�
ation of produ
tion fun
tions andthe individual talents (�j ; � j), we 
an draw 
urves representing the value of marginal produ
t for the generi
fa
tor for both o

upations. Let VMPKX and VMPKY denote su
h 
urves. The verti
al axis represents themonetary value of marginal produ
t for the generi
 fa
tor given the o

upational talents of the individuals.The horizontal axis represents the quantity of generi
 fa
tors being employed in the produ
tion of ea
h output.Let lower 
ase letter k denote the employment (use) rather than the endowment, K, of generi
 fa
tors.Both 
urves are downward-sloping in k, this showing the property of diminishing marginal produ
t of a generi
fa
tor.Both the elements of the ability ve
tor (� and �) and the relative output pri
e (PX=PY ) are the shift-parameters for the VMPKX and VMPKY 
urves. The higher � implies the higher position of VMPKX .Similarly, the higher � implies the higher position of VMPKY . The larger talent indu
es the 
orrespondingvalue-of-marginal-produ
t 
urves to shift up. An in
rease in the relative pri
e of X , relative to Y , will shift theVMPKX 
urve up and the VMPKY 
urve down. A de
rease in the relative pri
e of X indu
es a movementthe other way around. When individuals 
al
ulate their residual pro�ts, they take the generi
 fa
tor pri
e ras given, even though the equilibrium value of r depends on the relative pri
e PX=PY .20 The area below theVMPK 
urves and above the horizontal line at r represents the residual reward (or pro�t) � derived from the
orresponding o

upational talent. Given the relative pri
e, PX=PY , an individual with (�j ; � j) will produ
eX if �X(�j) > �Y (� j), will produ
e Y if �X(�j) < �Y (� j), and will be indi�erent as to produ
ing either Xor Y if �X(�j) = �Y (� j). (Of 
ourse, we 
an deem this indi�eren
e 
ase a measure zero event, given ouratomless-agent assumptions.)Fig. 2 shows the graph of the o

upational rewards (pro�ts), �X (�j) and �Y (� j), for a given individual,(�j ; � j), over the possible range of relative pri
es PX=PY � P . The verti
al axis represents the monetaryvalue of o

upational rewards, given the talent of the individual. The horizontal axis represents the relativepri
e of output. (Note that in Fig. 2's graph the height 
orresponds to the area of the previous graph, Fig.1.) Let P be a shorthand way of denoting PX=PY . Let the interse
tion of the two o

upational-reward 
urveso

ur at P � = (PX=PY )�. The individual will produ
e Y when the level of relative output pri
e is P < P �.When P = P �, he is indi�erent as to produ
ing either X or Y . He will produ
e X whenever P > P �. Notethat, for any trade liberalization, the shifts in terms of trade o

ur in a dis
rete manner. Then, for somepositive dis
rete 
hange � > 0 in the relative pri
e P , we have the ex ante pri
e P 0 and the ex post pri
eP 1 = P 0+�. When P 0 < P 1 < P �, then the individual is a produ
er in se
tor Y in both periods. (One mightsay that he is stu
k in Y produ
tion.) This se
tor-Y -stayer loses out owing to an in
rease in the relative pri
e.When P � < P 0 < P 1, then the individual is produ
ing in the se
tor X in both periods. This se
tor-X-stayerbene�ts from the positive pri
e 
hange. In the 
ase of this parti
ular individual in Fig. 2, he 
hanges hiso

upation when the relative pri
e 
hanges 
ross the P � point. With respe
t to the 
ase of job-swit
hers,20And of 
ourse, the equilibrium value of r depends also on the shape of distribution F (�; �) of the individuals' talents.8



Figure 2: Individual o

upational rewards, given output pri
e.
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P 0 < P � < P 1, the welfare 
hange is ambiguous. Note that, up to this point, our argument has not dependedon the assumption about a spe
i�
 distribution of talents, F (�; �).Figure 3: Ability ve
tor spa
e.
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In order to simplify the exposition, let us assume that the ability ve
tor (�; �) is distributed over thesupport of a unit square [0; 1℄� [0; 1℄. (The support of unit square is not at all 
entral to the results of thisse
tion. It is brought in here stri
tly for graphi
al 
onvenien
e.) Let us also assume that the produ
tion andutility fun
tions ensure that the autarky division of labor will o

ur at a 45-degree line on the unit square.This line divides the unit square in two partitions: one representing the X produ
ers and the other the Y9



produ
ers.21 See Fig. 3.Figure 4: A unit square subdivided a

ording to o

upational 
hoi
e.
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Let PA = (PX=PY )A denote the autarky relative pri
e. In Fig. 4, the 45-degree line OA 
orresponds to therelative autarky pri
e PA. Now let us think of the 
ase of an e
onomy that is opening itself up to free trade.Let PW denote the world (international) relative pri
e. Then, be
ause X is assumed to be a natural exportgood of the home 
ountry, it must hold true that PW > PA. Given the world pri
e PW , some individualagents may de
ide to swit
h their o

upations after they have 
ompared their present o

upational rewardswith those they 
ould expe
t to re
eive in the other se
tor under the new pri
e PW . Thus, as may be seen inFig. 4, we 
an draw a new ray from the origin, OW , that has a steeper slope than OA. While OA 
orrespondsto the autarky division of o

upational 
hoi
e, OW represents the free-trade division of o

upational 
hoi
e.Next, let us partition our unit square into 3 se
tions. CX�X denotes the partition that in
ludes all the job-staying individuals who produ
ed X in autarky and who keep produ
ing X under free trade. CY�Y denotesthe partition of job-stayers in the se
tor Y . The partition CY�X represents all the individuals who haveswit
hed o

upations; for instan
e, someone who produ
ed Y in autarky, and who now produ
es X under freetrade. There are of 
ourse, given the dire
tion of the output pri
e 
hange, no job-swit
hers in the oppositedire
tion.Note that there is a one-to-one 
orresponden
e between Figures 2 and 4. Ea
h individual has a di�erentjob-swit
hing value, P �. The lo
ation of this trigger value depends only on the agent's 
omparative advantage,hen
e the relative size of the talents: �=� . Note also, in Fig. 4, that there is a one-to-one mapping between therelative size of the talents and the slope of the ray from the origin to the point that represents the individual's21This assumption of a symmetri
 autarky division of agents, while not 
entral to our results, does have the virtue of fa
ilitatingmu
h easier expositions, sin
e one need not 
lassify one's results by the various 
ases.10



Figure 5: A 
omparison of three types of individuals.
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endowment. The higher the value �=� , the higher the 
omparative advantage the agent has in produ
ing X ;and therefore, the 
atter be
omes the slope of the ray from the origin at whi
h the agent is lo
ated in theunit square. This 
an easily be seen, be
ause the slope 
 
an be found to be the inverse of �=� by using theequation of the ray from the origin: � = 
�.For the same relative pri
e 
hange, di�erent individuals fa
e di�erent de
isions for their o

upation 
hoi
es.Fig. 5 
ompares the residual reward values for representative agents from the three groups of individualshaving di�erent 
omparative advantages. Note that Fig. 5 
ontains the same diagrams as Fig. 2, showingthree di�erent agents with di�erent trigger values P �: an agent from group CX�X (a job-stayer in se
tor X),an agent from group CY�Y (a job-stayer in se
tor Y ), and an agent from group CY�X (a job-swit
her fromse
tor Y to se
tor X). The agent from group CX�X has a low value of P �, the agent from group CY�X amedium value, and the agent from group CY�Y a high value. Only the job-swit
hers experien
e that relativepri
e 
hange from P 0 to P 1 = P 0+� whi
h 
rosses over the trigger value P �, where � > 0. We 
an 
on
ludethat any rise in the relative pri
e of X will favor the job-stayers in industry X , and disfavor the job-stayersin industry Y . The third graph, however, provides ambiguous results with respe
t to the job-swit
hers from11



Y to X . In fa
t, we 
an 
on
lude that there exist both winners and losers among those who swit
h theiro

upations. Figure 6: Gainers and losers among job-swit
hers.

0 1θθθθ

1

ττττ

P0

CX-X

CY-X

CY-Y

Gainers in CY-X

Losers in CY-X
πX(θ)πY(τ)

πX(θ)πY(τ)

P0 P1

Losers in CY-X

Gainers in CY-X

P1

Note: There exist both gainers and losers among job swit
hers.Figure 6 shows us that the fa
tor separating the winners from the losers among job-swit
hers is the
omparative advantage of individuals. The left-hand panel in Fig. 6 provide us with �ner partitions of thegroup of agents from CY�X (job-swit
hers from the se
tor Y to the se
tor X) into gainers and losers. Asfor the right-hand panel in Fig. 6, these graphs represent the pro�t fun
tions for the 
orresponding agents(gainers and losers) given a dis
rete pri
e 
hange. Among the job-swit
hers, ea
h individual has a di�erentrelative size of his talents, �=� , and hen
e a di�erent job-swit
hing trigger-value of relative pri
e P �. Giventhe same in
rease in the relative pri
e of X , it will be the agents with a higher �=� value who tend to be thegainers. Here in Fig. 6, I provide an example of two types of agents: a loser among job-swit
hers (the uppergraph on the right-hand panel) and a gainer among job-swit
hers (the lower graph on the right-hand panel).Given that there exists this mixture of gainers and losers among job-swit
hing individuals, we are nowable to explain the diÆ
ulty a government experien
es when trying to 
arry out a fully Pareto improving
ompensation s
heme while not providing over
ompensation to the job-swit
hers. Let the government be
apable of utilizing any taxation and subsidy s
heme, based on the variables it 
an 
urrently observe. Letus espe
ially allow the government to use a tax-subsidy 
ombination for both output goods and fa
tors ofprodu
tion, in
luding a residual return for the talents of individuals. Let us assume further that the tax(subsidy) base for the government 
an be restri
ted to 
urrently observable variables. Thus, a s
heme of wageinsuran
e based on the information about individuals' previous o

upations prior to their job swit
hing is not12



allowed.A Pareto-improving 
ompensation s
heme for job-staying individuals 
an easily be 
reated. The dire
tionand size of gain or loss are 
al
ulated in a manner similar to that seen in the 
ase for spe
i�
 (immobile)fa
tors in the spe
i�
-fa
tors model. The per
entage gain or loss for job-staying individuals is the same for allof the stayers, regardless of the sizes of their talents, whether 
urrently or previously in use.Figure 7: Job-swit
hing individuals.
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Note: The left-hand panel depi
ts the iso-per
entage gain-loss lines, while the right-hand panel depi
ts theiso-
urrent pro�t lines for ex post produ
ers of the se
tor X outputs.As far as the job-swit
hers are 
on
erned, the 
reation of a Pareto-improving 
ompensation s
heme 
annothelp but usher in 
ertain 
ompli
ations. This is be
ause the size and the dire
tion of individuals' gains or lossesare not ne
essary 
orrelated with 
urrently observable variables. Note in parti
ular the per
entage 
hange ino

upational residual pro�ts will be the same for all the individuals on the same ray from origin. Nonetheless,the government 
annot distinguish winners from losers within the job-swit
hing individuals who are reapingthe same amount of residual pro�ts from the 
urrent produ
tion a
tivities. Thus, while in Fig. 7, the iso-per
entage-gain-or-loss lines are the rays from the origin, the iso-pro�t lines from the 
urrent produ
tion arethe verti
al lines showing ex-post produ
ers from se
tor X . (The horizontal lines show ex-post produ
ers fromse
tor Y .) Thus, Fig. 7 depi
ts the 
ase of job-swit
hing individuals who move from se
tor Y to se
tor X .The left-hand panel in Fig. 7 depi
ts the iso-per
entage gain-loss lines, while the right-hand panel in Fig. 7depi
ts the iso-
urrent pro�t lines for ex post produ
ers of the se
tor X outputs. The iso-per
entage gain-losslines are the rays from the origin, while the iso-
urrent pro�t lines for X produ
ers are parallel verti
al lines.The 
loser the iso-per
entage gain-loss lines are to the OA line (and hen
e the 
atter the slope of the rays13



from the origin), the larger are the gains (and the smaller the losses). (Among the many rays from origindepi
ted in Fig. 7, it is the OZ line whi
h represents the zero gain-loss line for job-swit
hing individuals.) Theiso-
urrent pro�t lines, lo
ated toward the right of the panel, have higher values of 
urrent pro�ts than do theones lo
ated toward the left. While the a
tual sizes and dire
tions of individuals' gains and losses depend onthe knowledge of the iso-per
entage gain-loss lines, the government 
an only observe the information based onthe iso-
urrent pro�t lines. For example, when we look at the two points q and r on both of the diagrams, wesee that the points have the same value of � and yet have di�erent values for � . The individual on the point qhas a larger � , while the individual on the point r has a smaller one. The di�eren
e of the value of � is largeenough that, when it 
omes to opening up to trade, the individual on the point q is a loser and the individualon the point r is a gainer. And yet they both appear to be the same from the point of view of the government,sin
e they are making the same 
urrent pro�ts. In other words, although the points q and r are on the sameiso-
urrent pro�t line, they are on di�erent iso-per
entage gain-loss lines.The analysis of the pre
eding paragraph has made it 
lear that the government 
annot both attain aPareto-improving 
ompensation and avoid awarding ex
ess 
ompensation. For the government must give thesame amount of subsidy to r as q, even though the individual on the point r is a
tually a gainer from trade.So too, the government must provide the same amount of subsidy or tax to the individuals on the sameiso-
urrent pro�t line, regardless of their a
tual gains or losses. Indeed, if the government wants to ensurePareto improvement, then it must see to it that the amount of subsidy is the same for all as it is for theworst individuals who are on the upper side of the square in Fig. 7. For this reason it is inevitable that thegovernment will over
ompensate the job-swit
hing individuals, with the ex
eption being the ones seen exa
tlyon the line segment of the upper side of the square.In this se
tion, I have sought to do two things for my reader. First, provide him with an intuitive diagram-mati
 explanation of why there exist winners among those o

upation-swit
hers who are fa
ing the 
hange interms of trade. And se
ond, make 
lear the impossibility of 
arrying out a 
ompensation s
heme that a
hievesPareto improvement without over
ompensating 
ertain job-swit
hers. The formal model will be developed inthe following se
tion, in order to make the 
ase in a more pre
ise manner.3 The Formal ModelConsider a 
ontinuum of agents j 2 J , ea
h of whom is endowed with an individual-spe
i�
 o

upationalability ve
tor (�j ; � j) � F (�; �) and a generi
 fa
tor Kj � 0.22 Let f(�; �) � 0 denote the joint densityfun
tion for F (�; �), and assume that f is integrable over any partition of the ability spa
e �. Agents arepri
e takers in the output and the generi
-fa
tor markets. An e
onomy-wide endowment of generi
 fa
tors isinelasti
ally supplied at K = RJ Kj . Agents trade their generi
 fa
tors freely via the 
ompetitive market. Thefa
tor pri
e is denoted by r > 0. Ea
h element of the ability ve
tor (�j ; � j) represents an o

upational talent;22The distribution of Kj 
an be quite general, sin
e there is a 
ompetitive market for it. Therefore we will not spe
ify itsdistribution fun
tion but instead simply say that the total mass is represented by K.14



their magnitudes measure the innate 
apabilities of the agent j in the produ
tion of X and Y .An agent de
ides either to produ
e X using �, or Y using � . An element of the ability ve
tor (�j ; � j) isindivisible and non-transferable. It 
an be 
onsidered a managerial talent of the owner, if we think of ea
hagent as being a (self-employed) �rm. An ability ve
tor (�j ; � j) 2 � is unobservable to the government, butits aggregate distribution is publi
ly known. � � R2 represents the spa
e of individual 
hara
teristi
s. � isassumed to be a 
ompa
t and 
onvex set.Having stipulated the individual 
hara
teristi
s, we are now ready to des
ribe the te
hnologi
al side ofthe e
onomy. Te
hnology is a nonrival good, and every individual has a

ess to the best available produ
tionte
hniques. Thus, individuals di�er only in the endowment of fa
tors. The timing of de
ision-making andmarket-
learing will be as follows.1. The world market determines the relative output pri
es between PX and PY . The home market takesthem as given. In analyzing domesti
 equilibrium, we will determine relative pri
e endogenously. Butbe
ause all agents are in�nitesimal, they take the equilibrium pri
es as given.2. The individual agent observes one's own type ve
tor (�j ; � j) 2 �.3. The agent forms a 
onje
ture about the market fa
tor-pri
e r, foresees the pro�t-maximizing level ofgeneri
-fa
tor employment, and 
al
ulates the o

upational rewards or residual pro�ts �jX(PX ; r; �j) and�jY (PY ; r; � j) to be gained from both o

upational 
hoi
es.4. The agents de
ide (based on the expe
ted size of rewards) in whi
h se
tor to produ
e, and hire fromthe fa
tor market the pro�t-maximizing level of the generi
 fa
tor. They 
hoose to produ
e either X orY (not both, and not a 
onvex 
ombination of the two) using � or � . This pro
ess will determine thee
onomy-wide size of the spe
i�
 fa
tors.5. The generi
-fa
tor market 
lears. The equilibrium fa
tor-pri
e r should be 
onsistent with the 
onje
turesthe agents have had.236. Given domesti
 produ
tion and domesti
 demand, the home 
ountry engages in trade with the world.Both outputs are assumed to be produ
ed with symmetri
al produ
tion fun
tions24 that are twi
e 
on-tinuously di�erentiable, stri
tly in
reasing, stri
tly 
on
ave, homogeneous of degree one. In parti
ular, let usassume for simpli
ity's sake the following Cobb-Douglas spe
i�
ation:8<: xj(kjX ; �j) = (kjX )a(�j)1�ayj(kjY ; � j) = (kjY )a(� j)1�a where a 2 (0; 1) (1)23This 
onje
ture 
an be thought of as having emerged from the rational expe
tation hypothesis. A
tually, however, anydisequilibrium adjustment pro
ess will do the job, su
h as the assumption of the existen
e of the Walrasian au
tioneer.24This symmetry of the produ
tion fun
tions is not essential to my results. It is just that by delegating all the heterogeneityto the endowment side, we are able to radi
ally simplify the algebrai
 
al
ulations.15



where xj and yj are individual level outputs, where kjX and kjY represent the individual-level uses of thegeneri
 fa
tor, and where �j and � j represent the o

upational talents. Note that the use of the generi
 fa
toris not 
onstrained by the individual endowment Kj , be
ause there exists a perfe
tly 
ompetitive market forthis fa
tor and be
ause agents 
an freely buy from the market and sell portions of their endowments.25Given the output pri
es PX and PY , and the fa
tor pri
e r, individuals are able to 
ompare the expe
tedrewards (net of payments to the employed generi
 fa
tors) �jX and �jY from di�erent o

upations. Based onthe regular pro�t-maximization program, we 
an depi
t su
h a 
omparison in the form of the following twoequations. 8><>: �jX(PX ; r; �j) = maxkX PX � xj(kX ; �j)� r � kX�jY (PY ; r; � j) = maxkX PY � yj(kY ; � j)� r � kY (2)By 
al
ulating the hypotheti
al employment levels of optimized generi
 fa
tors, we arrive at8<: kjX (PX ; r; �j) = �aPXr � 11�a � �j , orkjY (PY ; r; � j) = �aPYr � 11�a � � j . (3)The o

upational de
ision is based on the relative size of the post optimization level of the o

upation rewards;thus, �jX(PX ; r; �j) T �jY (PY ; r; � j). And the post optimization level of the rewards 
an be 
al
ulated as8>><>>: �jX(PX ; r; �j) = �(PX ) 11�a � 1r � a1�a �a a1�a � a 11�a �� � �j , or�jY (PY ; r; � j) = �(PY ) 11�a � 1r � a1�a �a a1�a � a 11�a �� � � j . (4)The size of the o

upational rewards in
reases with the sizes of the agents' abilities and with their own outputpri
es. Note now, in equation (4), the symmetry of the produ
tion fun
tions from (1) neutralizes the e�e
t ofgeneri
-fa
tor pri
e(RuÆn and Jones 1977).Now we 
an partition the ability spa
e � by self-sele
tion of individual. Noting that the notation P 
anbe utilized as a shorthand way of expressing PX=PY , we 
an see that8>><>>: R = �(�j ; � j) 2 � : � j < P 11�a � �j�S = �(�j ; � j) 2 � : � j > P 11�a � �j� ; (5)where the partition R represents the individuals who produ
e X , and the partition S represents the Y pro-du
ers. Note that the ray from origin, whi
h 
an be expressed as � j = 
 � �j where 
 is a 
onstant, is thedivision-line between the two partitions.26Up to now, we have des
ribed how individuals 
hoose their o

upations and get involved in a produ
tionpro
ess. In (5), the partition of individual agents represents an endogenous determination of the allo
ation of25The size of the endowment Kj matters only with respe
t to out 
al
ulation of the fa
tor in
ome for an individual. Agents
an buy more than they possess, be
ause we are impli
itly assuming the existen
e of a perfe
t 
apital market in whi
h peoplefreely borrow money to pay for generi
 fa
tors in ex
ess of their possession.26I am using a stri
t inequality for both partitions, simply be
ause the measure of the line � j = (PX ) 11�a(PY ) 11�a � �j is zero.16



spe
i�
-fa
tors available in the e
onomy as a whole. We now begin to examine the e
onomy-wide allo
ationof spe
i�
 fa
tors.Let AR (respe
tively, AS) denote the area-integration of the region R (respe
tively, S). This area-integration represents the mass of individuals in the 
orresponding partition. Let V R� (respe
tively, V S� )denote the volume integral with respe
t to the variable � (respe
tively, �) on the region R (respe
tively, S).This volume integral represents the e
onomy-wide employment size of ea
h spe
i�
 fa
tor. Our next equationsbring us the mass of the individual agents in partitions R and S, respe
tively:8<: AR � RRR 1 � f(�; �)d�d�AS � RRS 1 � f(�; �)d�d�:The e
onomy-wide size of the spe
i�
 fa
tors 
an be expressed by the following equations.8<: V R� � RRR � � f(�; �)d�d�V S� � RRS � � f(�; �)d�d�: (6)When the joint density fun
tion f(�; �) has a full support and is 
ontinuous, it is not diÆ
ult to show thatboth AR and V R� are stri
tly in
reasing in P and that AS and V S� are stri
tly de
reasing in P .Given the self-sele
tion 
ondition of individual o

upational 
hoi
e as depi
ted ba
k in equation (5), thegeneri
-fa
tor market will 
lear, and its full-employment 
ondition is expressed by the following equation.ZZ(�j ;�j)2R kjX(PX ; r; �j)f(�; �)d�d� + ZZ(�j;�j)2S kjY (PY ; r; � j)f(�; �)d�d� = K. (7)The fa
tor-market demand, as represented by the left-hand side of equation (7), is an aggregation of all theindividuals' fa
tor-demand over ea
h partition, R and S.By plugging the optimized values seen in equation (3) for the employment-level generi
-fa
tors into (7),we arrive at �aPXr � 11�a � ZZR �jf(�; �)d�d� +�aPYr � 11�a � ZZS � jf(�; �)d�d� = K: (8)By utilizing the notation in (6), we 
an rewrite equation (8) as�aPXr � 11�a � V R� +�aPYr � 11�a � V S� = K: (9)Note that both V R� and V S� depend upon the relative output pri
e P . Thus, equation (9) impli
itly tell usthat r, the reward for generi
 fa
tor, is a fun
tion of the output pri
es, with K and a being parameters. Wethen assume that the solution of (9) for r is unique, and 
an be written asr = r(PX ; PY ): (10)In order to derive in a simple manner the properties of the reward fun
tion (10) for the generi
-fa
tor, wewill postulate a spe
i�
 fun
tional form for the demand side of the e
onomy.
17



3.1 Demand SideGenerally, ea
h 
onsumer j's problem 
an be depi
ted thus:max
X ;
Y u(
jX ; 
jY ) s.t. PX � 
jX + PY � 
jY � Ij ;where (
jX ; 
jY ) represents the 
onsumption bundle for the individual j. His in
ome is expressed asIj = r �Kj +maxX;Y f�jX(PX ; r; �j); �jY (PY ; r; � j)g:In general, the utility fun
tion shall be twi
e 
ontinuously di�erentiable, stri
tly quasi-
on
ave, homotheti
,and stri
tly in
reasing. For simpli
ity of exposition, let us assume the following Cobb-Douglas form. (Notethat the 
onstant term has been added in order to make both the Walrasian-demand and the indire
t-utilityfun
tions simple.) u(
jX ; 
jY ) = 2q
jX
jY : (11)We now 
an utilize the pri
e-normalization of PX = p PY = 1=p. Note that P = PX=PY = p2. Given thepri
e normalization, the indire
t utility fun
tion 
an be normalized to the in
ome of the individual (in termsof the parameter p). v(PX ; PY ; Ij) = IjpPXPY = Ij(p) (12)Note that the last equality takes into a

ount the dependen
e of in
ome on relative output pri
e.By utilizing the above normalization of pri
e parameter p, we 
an express the equilibrium level r as thefollowing equation. r(p) = a �K�(1�a) hp 11�a � V R� (p) + p� 11�a � V S� (p)i1�a (13)Note that the value of the e
onomy-wide employment of the spe
i�
 fa
tors, V R� (p) and V S� (p), depends onthe relative-output-pri
e parameter p.The equilibrium-level national in
ome 
an also be expressed as a fun
tion of relative output-pri
e p.I(p) = Z(�j ;�j)2� Ij(p) = r(p) �K + ZZR �jX � f(�; �)d�d� + ZZS �jY � f(�; �)d�d� (14)We now 
an state an intermediate result, 
on
erning the relationship between national in
ome and fa
torin
ome for the generi
 fa
tor.Lemma 1 Generi
-fa
tor in
ome is proportional to national in
ome with this relationship being expressed asthe equation: r(p) �K = a � I(p): (15)This follows dire
tly from equations (4), (13) and (14). This proportional relationship in (15) holds truebe
ause the produ
tion fun
tions for the two se
tors are Cobb-Douglas and symmetri
. Its proof is in theAppendix.It also is to be noted that the national fa
tor-in
ome is equal to the gross national produ
t:I(p) = PX � ZZR xj(p; r; �j) � f(�; �)d�d� + PY � ZZS yj(p; r; � j) � f(�; �)d�d�: (16)The relationship seen in (15) 
an also be 
on�rmed by using (16).18



3.2 Goods Market EquilibriumLet us now investigate the goods market equilibrium. There are two equilibria: one for autarky and the otherfor free trade. We will seek for the goods-market-
learing 
onditions for the autarky equilibrium, and examinethe expression of trade volumes for the trading equilibrium.A trading equilibrium is represented by a net import ve
tor m(p), for a given relative pri
e p:m(p) � (EDX (p); EDY (p)) = (CX(p)�X(p); CY (p)� Y (p)) ;where EDX(p) and EDY (p) are the ex
ess demand fun
tions for se
tors X and Y , respe
tively, and whereCX(p) = ZZ� 
jXdF (�; �) and CY (p) = ZZ� 
jY dF (�; �)and X(p) = ZZR xjdF (�; �) and Y (p) = ZZS yjdF (�; �):Autarky is a spe
ial 
ase where m(pA) = 0. Let us now derive the 
onditions for the autarky equilibrium.By using the given utility fun
tion (11), we 
an see that the Walrasian-demand fun
tions for goods X and Ywill be written respe
tively as8<: 
jX(p; Ij) = Ij2p
jY (p; Ij) = p�Ij2 =) 8<: CX (p) = I(p)2pCY (p) = p�I(p)2where the left panel shows the individual demand fun
tions and the right panel shows the market demandfun
tions. By utilizing the previous results [derived by plugging (3) into (1)℄, we 
an depi
t the aggregateprodu
tion in terms of p.8><>: xj(kjX ; �j) = � a�pr(p)� a1�a � �jyj(kjY ; � j) = � ap�r(p)� a1�a � � j =) 8><>: X(p) = � a�pr(p)� a1�a � V R� (p)Y (p) = � ap�r(p)� a1�a � V S� (p)Thus, when p = pA, the following equations must hold true.8><>: I(p)2p = � a�pr(p)� a1�a � V R� (p)p�I(p)2 = � ap�r(p)� a1�a � V S� (p) (17)By using the result seen in (15), and the 
ondition seen in (17) 
an be rewritten as8><>: V R� (p) = K2 � � r(p)a�p � 11�aV S� (p) = K2 � �p�r(p)a � 11�a : (18)When we plug the equilibrium-level generi
-fa
tor return (13) into (18), we get the following autarky 
onditionfor the e
onomy-wide employment of the spe
i�
 o

upational fa
tors.p 11�a � V R� (p) = p� 11�a � V S� (p) jp=pA (19)In autarky, we see that p = pA and this expression is expli
itly noted in equation (19).19



We know that the 
hange with respe
t to ea
h spe
i�
 fa
tor's e
onomy-wide employment has the oppositesign; that is, sign�dV R�dp � = �sign�dV S�dp � for some dp:Then, by taking the total derivative of the autarky 
ondition seen in (19) with respe
t to p, and after reassuringourselves that the sign will be adjusted, we arrive at1p(1� a) � hp 11�a � V R� (p)� p� 11�a � V S� (p)i+ �p 11�a � dV R�dp + p �11�a � dV S�dp � = 0; (20)when p = pA.When we look at the 
ase p > pA, we know that the home 
ountry exports the good X . Therefore theex
ess demand for X is negative { i.e., EDX(p) < 0 { while the ex
ess demand for Y is positive: EDY (p) > 0.This relationship 
an be expressed asX(p) > CX (p), p 11�a � V R� (p) > p� 11�a � V S� (p) jp>pA : (21)Similarly, we now 
an say that p 11�a � V R� (p) < p� 11�a � V S� (p) jp<pA : (22)We also 
an derive an intermediate result, with respe
t to the return for the generi
 fa
tor K.Lemma 2 Let pA be the autarky-level pri
e parameter. The fa
tor pri
e r(p) 
an be written as a fun
tion ofthe relative-output-pri
e parameter p. Its value is U-shaped around p = pA; i.e., it is in
reasing in p whenp > pA, de
reasing in p when p < pA, and it has a slope 0 at p = pA.Its proof is in the Appendix. When we take the above lemma along with the 
ondition (15), we arrive atanother important result about the existen
e of aggregate gains from trade.Proposition 1 Given the setup of the model, there exist aggregate gains from international trade. That is, thereal-valued national in
ome I(p) is U-shaped around p = pA. In other words, any deviation from the autarkypri
e will raise the level of real valued national in
ome.Proof. It is obvious from, Lemmas 1 and 2.Our trade model 
an attain gains from trade at the level of the overall e
onomy, even if it 
onsists ofa large number of heterogeneous individuals who have multi-talents and who are allowed to 
hange theiro

upations.27We have demonstrated the equilibrium property of this model 
hara
terized by heterogeneous agents whofa
e o

upational 
hoi
es. We also have shown that there exist aggregate produ
tion gains from trade in thise
onomy. Now we must shift the fo
us to the welfare 
hanges of various groups within the e
onomy.27Note that su
h a non-
onvex de
ision spa
e for an individual agent is usually a problem, but it turns out OK for us.20



4 Welfare Changes of Individual GroupsThus far in this paper, we have analyzed the equilibrium properties of the model, with the fo
us being on the
omparative stati
s of the aggregated variables. Now we shift the fo
us, to the individuals within the e
onomy.More spe
i�
ally, we will be 
omparing the well-being of various groups (of the individuals) when there is adis
rete 
hange in output pri
es. The �rst result 
on
erns the welfare property of the group of job-stayingindividuals.Proposition 2 Job-stayers will gain from an in
rease in the relative pri
es of their own outputs (those pro-du
ed using applied talent). Job-stayers will lose from a de
rease in the relative pri
es of their own outputs.These results are the same as the ones for spe
i�
-fa
tor owners in the spe
i�
-fa
tor model of internationaltrade. In Fig. 8, the relative-pri
e 
hange from autarky to free trade { a 
hange from pA to pW { is representedby a shift in the division-of-labor line from OA to OW . Partitions CX�X and CY�Y ea
h show a 
olle
tionof job-staying individuals. Be
ause the pri
e-
hange is favorable to the exporting se
tor, the se
tor-X-stayersgain and the se
tor-Y -stayers lose. Formal proof is in the Appendix. Note that this proposition is exa
tlyabout the monotoni
ity of the reward values shown in Fig. 2. When the relative pri
e p of X goes up, thereward from Y de
lines and the reward from X in
reases.Figure 8: Individual gains and losses.
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The se
ond result 
on
erns the well-being of job-swit
hing individuals.Proposition 3 Among those who 
hange their o

upations, there exist both gainers and losers from tradewithout 
ompensation. When there is a 
hange in the relative pri
es, whether the job-swit
hing individual winsor not depends on the ratio between the use of his applied and his latent talent.21



Contrary to popular belief, there are gainers among those who are \for
ed" to 
hange their o

upations.The sket
h of the proof of this proposition goes as follows.Proof. The proof is in three steps. First, let us show that there exist individuals who are indi�erentbetween se
tor X and se
tor Y in autarky, i.e. { with respe
t to Fig. 8, this means those who are individualsright on the OA line. Under autarky, those individuals re
eive equal o

upational returns from se
tor X andY . Thus we 
an see, on the basis of Proposition 2, now even if they start from se
tor Y and swit
h to se
torX , they will inevitably be winners from the pri
e-
hange.Se
ond, let us show that there exist individuals who are indi�erent between swit
hing to se
tor X andstaying in se
tor Y after free trade { i.e., the individuals on the OW line. Under free trade, those individualsmust have equal o

upational returns between se
tor X and Y . Therefore, regardless of whether they swit
hedjobs or not, they are equally lost, as job-stayers in a time of trade liberalization. (This too is derived from theresult in Proposition 2.)Third, let us show that there exist individuals who are neither gainers nor losers from trade liberalization{ i.e., the individuals on the OZ line. To do this, we must express the gain-loss as a fun
tion of �=�, theparameter of 
omparative advantage, and show that the fun
tion is 
ontinuous a
ross the domain of thefun
tion. Then we 
an use the intermediate value theorem.The gain-loss for a job-swit
her 
an be expressed as ��(pA; pW ; � j ; �j) � �jX (pW ; �j)� �jY (pA; � j), where�jX(pW ; r; �j) = "pW 11�a � 1r(pW )� a1�a �a a1�a � a 11�a�# � �j = g(pW ) � �jand �jY (pA; r; � j) = "pA 11�a � 1r(pA)� a1�a �a a1�a � a 11�a�# � � j = g(pA) � � j :For the given values of K; pA; pW , the terms in the square bra
kets, whi
h 
an be simpli�ed by the fun
tionalnotation g(p), will be 
onstant. Therefore, the gain-loss fun
tion 
an be written as �� = g(pW ) ��j�g(pA) �� j ,where g(pA) and g(pW ) are the 
orresponding 
onstants given pri
es. As for the per
entage-
hange of gain-loss,it will be %��� �j� j� = ���jY = g(pW ) � �j � g(pA) � � jg(pA) � � j = g(pW ) � �jg(pA) � � j � 1 = g(pW )g(pA) � �j� j � 1: (23)Apparently, equation (23) is a 
ontinuous fun
tion of �=�. The value of the per
entage 
hange of gain-lossfun
tion %�� ��j=� j� is positive when the value �=� equals the slope of the OA line, but negative when thevalue �=� equals the slope of the OW line. Sin
e the fun
tion is 
ontinuous, we 
an be sure there exists avalue �=� that will give %�� = 0. This value equals the slope OZ seen in Fig. 8. The size of gain or loss willbe determined by the relative size of the a
tually used and the latent talents.While the gains and losses for job-stayers have the same properties as those for spe
i�
-fa
tor owners, thegains and losses for job-swit
hers depend on the relative size of their a
tually-used and unused-latent talents.Therefore we 
an state the following result, with respe
t to the limits on government poli
y.Corollary 1 When the government 
an observe only the 
urrent (not the past) pro�t, the 
al
ulation of gains22



and losses for job-stayers is an easy matter. The 
al
ulation of gains and losses among job-swit
hers,however, be
omes formidably diÆ
ult.The gains or losses for the job-staying individuals 
an be easily 
al
ulated from Proposition 2. The diÆ
ultyof 
al
ulating the gains and losses among the job-swit
hers may be seen from Fig. 8. In Fig. 8, look at twopoints q and r. The individual q, as a produ
er for se
tor Y , has a higher ability level than does the individualr. And yet as produ
ers for se
tor X , these two are equivalent. Still, the individual q belongs to the groupof losers, while the individual r belongs to the group of gainers. While the government is able to observe the
urrent pro�t of X , it is not able to tell the di�eren
e between q and r be
ause their di�eren
e appears onlywith respe
t to their latent talents. Whi
h of them will gain and whi
h of them will lose will depend upon therelative strengths of their a
tually-used versus unused-latent talents. (For that matter, the iso-per
entage-gainlines would be the rays from origin, while the iso-
urrent-pro�t lines would be the verti
als.)What we have learned here is that the unobservability of latent talent makes it impossible for the govern-ment to distinguish gainers from losers. And it is this impossibility whi
h will prove su
h a nuisan
e to anypoli
ymaker 
onsidering a Pareto-improving 
ompensating redistribution s
heme. We defer our dis
ussion ofsu
h a 
reation of the 
ompensation s
heme, however, to se
tion 5.5 The Creation of Compensation S
hemesThe results of the pre
eding analysis have shown us that there exist both gainers and losers among those whoswit
h their o

upations. Now that we have looked at the e�e
t of a terms-of-trade 
hange without 
ompen-sation, let us turn our attention to a government redistribution poli
y that aims at both Pareto improvement(from opening up to trade) and a balan
ed budget (in other words, the avoidan
e of over
ompensation).Now that we are looking at the 
reation of a 
ompensation s
heme by the light of the informationalstru
ture of our model, we must begin by 
omparing the two situations: autarky (prohibitive tari�s) and freetrade. The ex post situation should not ne
essary be the one of free trade. It 
an be the one of some restri
tedtrade, but for the sake of simpli
ity we will fo
us on the autarky-versus-free-trade 
omparison.28 The initialequilibrium is the one in autarky. The un
ompensated free-trade equilibrium was analyzed in se
tions 3 and4. When the poli
ymaker ena
ts a 
ompensation s
heme, the free-trade equilibrium be
omes a 
ompensatedfree-trade equilibrium.In 
hoosing the instruments of our 
ompensation s
heme, let us follow the trend in the literature ofavoiding the use of lump-sum 
ompensation, owing to its formidable information requirement.29 Therefore,we will examine a 
ompensation s
heme whi
h is based on fa
tor taxes and 
ommodity taxes (Atkinson andStiglitz 1980, p.20).30 Let us now formally de�ne the 
ompensation s
heme.28For the same reason, the ex ante situation 
ould be one of some restri
ted trade.29See for example Feenstra and Lewis (1994, p.202).30Of 
ourse, the negative taxes are the same as the subsidies. This notions of fa
tor taxes and 
ommodity taxes has beenadopted from the standard publi
 e
onomi
s textbook of Atkinson and Stiglitz.23



De�nition 1 The 
ompensation s
heme � is a 
ombination of taxes and subsidies levied on the followingvariables: (1) output pri
es, (2) generi
-fa
tor pri
es, and (3) o

upational rewards. Tax-subsidy rates 
aneither be linear or non-linear.The taxes (or subsidies) on output pri
es are 
ommodity taxes, and the taxes on both generi
-fa
torpri
es and o

upational rewards are fa
tor taxes. (In Dixit and Norman, \
ommodity taxes" embra
es both
ommodity and fa
tor taxes, simply be
ause they use a general approa
h that does not distinguish outputsfrom inputs.) Following in the footsteps of Dixit and Norman (1986) and Feenstra and Lewis (1994), I tooadopt a two-stage 
ompensation pro
edure. Be
ause both Dixit-Norman and Feenstra-Lewis aim to implementPareto-improving 
ompensation s
hemes, the �rst stage of their s
hemes fo
uses on making everyone in thee
onomy as happy as they would be under autarky. To arrive at this end, a poli
ymaker must utilize both
ommodity taxes and fa
tor taxes { adding to these, in the 
ase of Feenstra-Lewis, and relo
ation subsidies.Both Dixit-Norman and Feenstra-Lewis proved that not only will the government revenues from su
h �rst-stage s
hemes be
ome non-negative, but they will be redistributed ba
k to individuals in the e
onomy duringthe se
ond stage.De�nition 2 The 
ompensation s
heme � 
an be implemented in two stages: (1) In the �rst stage, thegovernment tries to minimize the rents that a

rue to individual agents; in other words, it seeks to 
apture allthese rents in the form of positive revenue. Let us 
all this stage's result a �1 equilibrium { and (2) In these
ond stage, the government sends this positive revenue ba
k to the individual agents by means of eithera poll subsidy or a redu
tion of some 
ommodity taxation. Let us 
all the result of this se
ond stage a �2equilibrium. This �2 equilibrium 
an also be 
alled a � equilibrium, sin
e the result of the se
ond stage is alsothe �nal result of the whole 
ompensation s
heme.The purpose of the �rst stage is to ensure Pareto gains from trade by setting as 
lose as possible to anequilibrium in whi
h all the individual agents in the e
onomy are as well o� as they are in autarky. The�rst stage may leave the government non-negative revenue (or stri
tly positive, if there exist stri
t produ
tiongains from trade). The se
ond stage tries to distribute ba
k to individual agents the non-negative governmentsurplus from the �rst-stage equilibrium. This 
an be done either by poll subsidy or by lowering 
onsumptiontaxes (raising fa
tor subsidies). Sin
e the te
hni
al requirements for the se
ond-stage redistribution { notableamong these being the Weymark 
onditions { are 
losely examined in the work by Dixit and Norman (1986),I take these results as given and will not be dis
ussing them in this paper. Our primary fo
us of analysis willbe on the �rst-stage equilibrium.At this jun
ture I also would like to introdu
e several desirable and undesirable properties of the 
ompen-sation s
heme. Its single most important property is related to the 
on
ept of ex post Pareto eÆ
ien
y.De�nition 3 The 
ompensation s
heme � is said to be weakly Pareto improving if every individual is atleast as well o� as he or she was under the autarky situation.24



Formally, the requirement for the weak Pareto improvement is written as a 
omparison of the welfaremeasure W of the individuals: (W j)� � (W j)A;8j 2 J; (24)where the supers
ript � means the individual's welfare \in the situation given the 
ompensation s
heme �,"and A means the individual welfare \in the autarky situation." On both sides,W , a welfare measure, indi
atesthe real in
ome of ea
h individual in either situation, for in our model real in
ome represents the value ofindividual's indire
t utility fun
tion. [See equation (12).℄Another important property of the �rst-stage equilibrium is its rent neutrality. A positive rent from aparti
ular poli
y or environment 
hange is de�ned as an in
rease in the individual's welfare from su
h 
hange.It is a premium or windfall pro�t, in the nature of Marshallian rents. As a 
on
rete example, if an inequality(W j)� > (W j)A (25)holds true for some agent j, then we 
an see that this agent j has a stri
tly positive rent of the value(W j)� � (W j)A, given the poli
y-shift from autarky to free trade under the 
ompensation s
heme �. One ofthe reasons the previous literature has adopted a two-stage 
ompensation pro
edure is the typi
al e
onomist'slove of dis
ussing eÆ
ien
y without getting into the dis
ussion of equity issues. And indeed, we all wouldlike to keep any e
onomi
 poli
y rent-neutral. In other words, we 
ertainly don't want to see an arbitraryredistribution of wealth arising out of a poli
y that has tried to target a di�erent obje
tive { in this 
ase, thepoli
ymaker's obje
tive of ensuring a Pareto improvement by opening his nation up to trade.We 
annot say mu
h about the se
ond-stage redistribution of positive government revenues in this paper.We must simply 
ontent ourselves with asserting, on
e again, that rent-neutrality is a desirable property ofany �rst-stage 
ompensation equilibrium, as eviden
ed by the fa
t that both Dixit-Norman and Feenstra-Lewis did attain rent-neutrality in their respe
tive �rst-stage equilibria. Let us now 
odify our de�nition ofrisk-neutrality.De�nition 4 The �rst-stage 
ompensation equilibrium �1 is said to be rent-neutral if every 
onsumer is leftat exa
tly the same utility level as he or she was under autarky. In other words, all the positive rents shalla

rue as government revenues.We know that the original Dixit-Norman s
heme's �rst-stage equilibrium is rent-neutral, be
ause all the
onsumers fa
e exa
tly the same situation as they did in autarky in the �rst stage. In Dixit and Normanthis s
enario is arrived at by setting both the output and input pri
es equal to the pri
es of the autarky.Fixing input pri
es at the autarky level guarantees autarky-level in
omes for the 
onsumers. If we were to �xour output pri
es at the autarky level, then the 
onsumers would be in exa
tly the same utility-maximizingsituation as under autarky, given that in
ome and output pri
es are the only parameters of the 
onsumer'sprogram. The same observation holds true for the Feenstra-Lewis s
heme. The only di�eren
e is that, in theirpaper, the relo
ation subsidies are given to some of the 
onsumers to 
ompensate them exa
tly for that lossof in
ome that arose out of the positive adjustment 
osts asso
iated with their movement of fa
tors from one25



industry to another. Under the assumptions of Feenstra and Lewis (1994), the government 
an pi
k a minimumamount of relo
ation subsidy su
h that some of the 
onsumers are indi�erent between moving and not movingto a new industry. Hen
e, the �rst-stage equilibrium in the Feenstra-Lewis s
heme is also rent-neutral.As we shall later see in greater detail, the government in this paper's model is unable to 
reate the rent-neutral �rst-stage equilibrium. In order to a
hieve Pareto improvement from autarky, it is ne
essary for thegovernment to give positive rents to some groups of individual agents. For our present purpose, we will be
alling this undesirable property over
ompensation.De�nition 5 A s
heme is said to over
ompensate a group of individuals if some within that group aregetting positive rents in the �rst-stage 
ompensation equilibrium �1.Note that the de�nitions we have arrived at of over
ompensation and rent-neutrality are two sides ofthe same 
oin. When the s
heme is rent-neutral, it is not over
ompensating any group of 
onsumers; andby reverse token, when the s
heme is over
ompensating some group, it 
annot be rent-neutral. We 
an,however, spe
i�
ally identify the group for whi
h positive rents are a

ruing, in a

ordan
e with our de�nitionof over
ompensation.The other important property of the 
ompensation s
heme 
on
erns the budget of the government.De�nition 6 The 
ompensation s
heme � is said to be self-�nan
ing if it leaves non-negative governmentrevenue in the �rst-stage equilibrium �1: B�1 � 0; (26)where B�1 is a net government balan
e from only the �rst-stage equilibrium of the s
heme; i.e., the revenuefrom taxes minus the 
ost of subsidies.This de�nition of a self-�nan
ing s
heme has been adopted from the de�nition of self-�nan
ing tari�s thatwas introdu
ed by Ohyama (1972, p.49). A 
ompensation s
heme 
ontaining taxes and subsidies on variouse
onomi
 variables is said to be self-�nan
ing if the government is able to balan
e the budget stri
tly from thenet revenue earned within the s
heme. The reason equation (26) does not have to 
ontain a stri
t equal signis that any positive revenue 
an be distributed ba
k to the individuals in the se
ond stage.The pro
edure of implementing a 
ompensation s
heme that we will be 
onsidering here is similar to theones 
onsidered in Dixit and Norman (1986) and Feenstra and Lewis (1994). It boils down to these two aspe
ts.(1) A system of subsidy and taxation that leaves every 
onsumer of the e
onomy in the same situation asautarky, and this poli
y may a

rue positive revenues for the government. (2) If there are some positiverevenues, the government will redistribute these ba
k to the individuals. It will do the latter via either a pollsubsidy for everyone or an adjustment of the tax or subsidy. The latter is possible be
ause, in the tradinge
onomy presumed here, the Weymark 
ondition31 of Dixit and Norman (1986) is automati
ally satis�ed.31The Weymark 
ondition tells us that there exists one good for whi
h some 
onsumers are net buyers and none is a net seller.In the traditional trade model, in whi
h 
onsumers are net sellers of fa
tors of produ
tion and net buyers of 
onsumer outputgoods, the 
ondition will automati
ally be satis�ed. 26



When we dis
uss the 
ompensation s
heme, our fo
us will be on the �rst step of 
reating a system of subsidyand taxation that aims to leave all the 
onsumers at least as well o� as they were under the autarky. As forthe a
tual implementation of the se
ond step, this is already fully dis
ussed in the literature.Another important property of any 
ompensation s
heme is its feasibility. Despite the fa
t that mu
h ofthe literature dis
usses the 
on
ept of \feasibility" in terms of non-negativity of governmental budgets (self-�nan
ing), this paper separates the governmental budget issues (dis
ussed above) from the issues asso
iatedwith the feasibility of a 
ompensation s
heme. In this paper, feasibility o

urs when the poli
y instruments ofthe government are based on the observable variables.De�nition 7 A s
heme � is said to be informationally feasible if it is based solely on the 
urrently ob-servable variables.This de�nition of informational feasibility is based on the observability of the variables by the government.But what are the observable variables? And whi
h 
hara
teristi
s of the individuals are observable to thepoli
ymakers? I propose the following realisti
, three-step assumption about observability: (1) The governmentkeeps tra
k of aggregate variables in re
ord. (2) Therefore, it remembers the sizes of aggregate variables inthe autarky situation. (3) The individual data 
an be observed at no 
ost only in the 
urrent situation.This assumption makes sense, be
ause while most aggregate data is available in various forms, it is verydiÆ
ult to go ba
k and �nd a past data-point that is spe
i�
 to an individual. For example, the bulk of thein
ome tax rate will be determined by the 
urrent year's in
ome, and yet the tax rate does not usually dependupon the a

umulation of multi-year in
ome, in
luding previous years' in
omes.32 Thus, individual data inthe autarky period are presumed to be 
ostly to verify, in the free-trade period.Let us suppose that the government 
an observe the following variables:Y1 Output pri
es PX ; PY (both at the autarky and the free-trade levels)Y2 Generi
-fa
tor pri
es r (both at the autarky and the free-trade levels)Y3 Residual return (pro�t) from the individual's 
urrent (free-trade) o

upationAlso, we shall suppose that the government is able to observe these two 
hara
teristi
s of individuals:Y4 Whi
h industry the individual is 
urrently working in.Y5 Whether the individual has 
hanged his or her o

upation.Let us further suppose that the government 
annot observe the followings variables:N1 Individual 
onsumption ve
torN2 Individual generi
-fa
tor endowment32This is indeed the la
k of 
umulative-pro�t-tax system of whi
h Columbia's late William Vi
krey had been a proponent eversin
e the 1940s. 27



N3 Individual o

upational-ability ve
torN4 Residual return (pro�t) from the individual's previous (autarky) o

upationMost of the above assumptions about observability are standard in the literature. [See for example Gues-nerie (1995).℄Given the assumption about observability of pro�t, the following result will be utilized in the ensuinganalysis.Result 1 Given the produ
tion setup of the model, and given that the government 
an observe the residualpro�ts of individuals, the pro�t tax will not distort their behaviors. In other words, the individuals will maximizetheir pro�ts truthfully, given that the elasti
ity of the after-tax (subsidy) share, with respe
t to the pro�t, islarger than �1. Formally, they will do so whenever" = �T=T��=� > �1; (27)where T (�) = 1� t(�), where � is the residual pro�t, and where t(�) is an ad valorem tax rate (or if t(�) isnegative, a subsidy rate).Please see the Appendix for the proof. Note also that the linear tax has an elasti
ity of " = 0, and thussatis�es 
ondition (27). Also, given that the individual agents are assumed to be a
ting truthfully, we 
an
on
lude that their 
urrent use of their talents is revealing.Remark 1 Given the previous observation in Result 1 as to the truthfully maximized 
urrent levels of individ-uals' residual returns, the government 
an re
al
ulate the size of � for X-produ
ers, and of � for Y -produ
ers.The planner 
an infer the size of the a
tual use of talent, as opposed to an agent's endowment of latent talent.This is straightforward. If poli
ymakers 
an 
ondition their poli
y on the 
urrent pro�t, then either8>><>>: �jX(PX ; r; �j) = �(PX ) 11�a � 1r � a1�a �a a1�a � a 11�a �� � �j , or�jY (PY ; r; � j) = �(PY ) 11�a � 1r � a1�a �a a1�a � a 11�a �� � � j .given the observability of su
h aggregate variables as the output pri
es PX ; PY and the generi
-fa
tor-return r,the inversion of pro�t to type is a simple 
al
ulation. One might also say that the pro�t is a stri
tly in
reasingfun
tion of the size of the type, in whi
h 
ase any tax-subsidy rate that is proportional to the observed pro�t
ould be used, almost as if the government were observing the type itself.Now that we have de�ned all the ne
essary properties of the 
ompensation s
heme and looked at all therelevant results, we 
an pro
eed to examine the results of the possible 
ompensation s
hemes. In order to do sowe will investigate two distin
tive 
ases with respe
t to the timing of implementation. In the �rst 
ase, 
alledan unanti
ipated 
ompensation s
heme, the trade openings are implemented prior to the announ
ement thatthe government will 
ompensate the losers from trade. In the se
ond 
ase, 
alled an anti
ipated 
ompensations
heme, all the individual agents expe
t the 
ompensation s
heme to be provided later by the government,after the e
onomy opened up its borders. In the following se
tion we begin to look at the �rst su
h 
ase.28



6 An Unanti
ipated Compensation S
hemeDespite the tradition stipulating that a regular lump-sum 
ompensation must be given prior to opening up totrade [or opening the market℄ (Mas-Colell et al. 1995, p.328), a more plausible and realisti
 poli
y option mustin
lude a \post-trade 
ompensation s
heme" (Kemp and Wan 1986, p.99) whereby the government �rst opensthe border, then 
reates the 
ompensation s
heme in order to assist the losers from trade. In fa
t, I 
laimthat this sort of unanti
ipated 
ompensation s
heme is pretty mu
h what we saw o

urring ba
k in the 1960s.For in response to the Kennedy round of GATT multilateral tari� redu
tions, the United States governmentintrodu
ed the �rst TAA (trade adjustment assistan
e) program, in order to a

ommodate the high numberof workers displa
ed by the tari� redu
tion.In this se
tion we explore a possible unanti
ipated post-trade 
ompensation poli
y, given the informationalrestri
tion on the e
onomy that we have posited in this paper. I will postpone to the next se
tion both anexamination of the 
ase in whi
h the individuals anti
ipate the existen
e of the 
ompensation s
heme, and ananalysis of the way this anti
ipation alters individual in
entives.Whenever one goes in sear
h of the optimal 
ompensating redistributing s
heme, the most important
riterion to be kept in mind is Pareto improvement from autarky. At the same time, in pursuing the 
reationof su
h a s
heme, the poli
ymaker must always be aware of the informational feasibility 
onstraint, given thelimited observability of the unused talents of individual agents. When the s
heme 
omprises two stages, thepoli
ymaker tries to a

rue all the rents in the form of governmental revenues in the �rst stage. Thus theideal �rst-stage equilibrium is rent-neutral. Owing to the informational feasibility 
onstraint, however, this
hapter's model does not posit any a
hievement of rent-neutrality in the �rst-stage equilibrium. That said,let us begin to explore the pro
ess of 
reating a 
ompensating s
heme.For analyti
 
onvenien
e, we fo
us on the 
ase in whi
h the pri
e-
hange o

urs in one dire
tion (the other
ase being 
ompletely symmetri
). More spe
i�
ally, this is the 
ase in whi
h the post-trade pri
e is p > pA,and therefore there are job-swit
hers from se
tor Y to se
tor X . Given the setup of our model, as des
ribedba
k in Se
tion 3, we are 
ognizant of the following �ve 
ases (Case I. - Case V.) with respe
t to the gainsand losses for di�erent groups of individuals:Case I. Generi
-fa
tor owners are all gainers, sin
e r(p) > r(pA). More parti
ularly, the amount of gain for thosewho own Kj is given by�r(p)� r(pA)� �Kj = a �K�(1�a) � n[s(p)℄1�a � �s(pA)�1�ao �Kj > 0; (28)where s(p) = p 11�a � V R� (p) + p� 11�a � V S� (p): (29)Note that this group's amount of gain from trade is proportional to the agent's endowment of generi
fa
tor Kj . The multiplier part, a �K�(1�a) � n[s(p)℄1�a � �s(pA)�1�ao ;29



is invariable a
ross all agents. Both a and K are the parameters of the model. Given the relativepri
e 
hange pA =) p, the values for both s(pA) and s(p) are determined in the aggregate equilibrium.Be
ause the poli
ymaker knows the joint distribution of the talent ve
tor (�; �), he also knows the valuesof V R� (p) and V S� (p) and hen
e of s(p) and s(pA). Thus, by imposing on the market for generi
 fa
torsan ad valorem tax rate of tr(p) = [s(p)℄1�a � �s(pA)�1�a[s(p)℄1�a ; (30)the poli
ymaker 
an make the status of all the owners of generi
 fa
tors the same as it was under autarkyin the �rst-stage equilibrium.Case II. The job-staying individuals in se
tor X { those who are in the area � < (pA) 21�a � { are all gainers, sin
e�jX1(p) > �jX0(pA) when p > pA. More parti
ularly, the amount of gain for those who have talent �j isgiven by �jX1(p)� �jX0(pA) = Ka(1� a) ��p 11�a [s(p)℄�a � pA 11�a �s(pA)��a� � �j > 0; (31)where the de�nition of s(p) is the same as it was in equation (29). Mu
h the same as in Case I, theamount of gain from trade, for the group of job-staying individuals in se
tor X , is proportional to theagent's endowment of used talent �j . The multiplier part,Ka(1� a) ��p 11�a [s(p)℄�a � pA 11�a �s(pA)��a� ;is invariable a
ross all of these agents. Thus, by imposing upon the return-from-talent of job-stayers ofse
tor X an ad valorem tax rate oft�X = p 11�a [s(p)℄�a � pA 11�a �s(pA)��ap 11�a [s(p)℄�a ; (32)the poli
ymaker 
an make the status of these individuals the same as it was under autarky in the�rst-stage equilibrium.Case III. Among the job-swit
hing individuals, a part of them { all those who are in the area (pA) 21�a �j < � j <g(pW )g(pA) � �j { are gainers, sin
e �jX1(p) > �jY 0(pA) when p > pA. More parti
ularly, the amount of gain forthose who have the talent-ve
tor (�j ; � j) is given by�jX1(p)� �jY 0(pA) = g(pW ) � �j � g(pA) � � j > 0; (33)where g(pW ) = p 11�a � 1r(p)� a1�a �a a1�a � a 11�a �and where g(pA) = pA 11�a � 1r(pA)� a1�a �a a1�a � a 11�a � :Contrary to Cases I and II, the amount of gain for the job-swit
hing individuals is no longer proportionalto their endowments of used talent �j . It is true that both g(pW ) and g(pA) are invariable a
ross all theseindividuals, and that the poli
ymaker 
an 
al
ulate the values for g(pW ) and g(pA), but the amount of30



gain, g(pW ) � �j � g(pA) � � j , depends upon both elements of the talent-ve
tor (�j ; � j), whi
h itself isunobservable to the poli
ymaker. Of 
ourse the poli
ymaker 
ould always re
al
ulate the value of usedtalent �j based on his observations of the pro�ts that have a

rued from produ
tion of X . The value of� j , however, is unknown to the poli
ymaker. To help us all see this in a more 
on
rete manner, let usnow suppose that the poli
ymaker would like to impose an ad valorem tax rate oft�X�Y = g(pW ) � �j � g(pA) � � jg(pW ) � �j = 1� g(pA) � � jg(pW ) � �j ; (34)in order to make all of these Case III individuals as happy as they were ba
k in the autarky. The a
tualtax rate that the poli
ymaker 
an impose, however, should be in the form of t�X�Y (�X(�)), meaningthat it should be based only on the 
urrently observable �X(�), whi
h will in turn depend upon the
urrent use of talent �.Case IV. The other part of the job-swit
hing individuals { who are in the area g(pW )g(pA) � �j < � j < p 21�a �j { are alllosers sin
e �jX1(p) < �jY 0(pA) when p > pA. More parti
ularly, the amount of loss for those who havetalent (�j ; � j) is given by���jX1(p)� �jY 0(pA)� = g(pA) � � j � g(pW ) � �j > 0: (35)This 
ase is quite similar to Case III, when it 
omes to both the amount of loss for ea
h individual andthe subsidy rate. The infeasible subsidy rate that the poli
ymaker would like to impose on this group iss�X�Y = g(pA) � � j � g(pW ) � �jg(pW ) � �j = g(pA) � � jg(pW ) � �j � 1; (36)whereas the feasible subsidy rate must of 
ourse be in the form of s�X�Y (�X (�)).Case V. The job-staying individuals in se
tor Y { those who are in the area p 21�a � < � { are all losers, sin
e�jY 1(p) < �jY 0(pA) when p > pA. More parti
ularly, the amount of loss for those who have talent � j isgiven by ���jY 1(p)� �jY 0(pA)� = Ka(1� a) � �pA �11�a �s(pA)��a � p �11�a [s(p)℄�a� � � j > 0: (37)Similarly to Cases I and II, the amount of gain from trade for se
tor Y 's job-staying individuals isproportional to their endowments of used talent � j . The multiplier part,Ka(1� a) ��pA �11�a �s(pA)��a � p �11�a [s(p)℄�a� ;is invariable a
ross all of these agents. Thus, by imposing on the return-from-talent of the se
tor Y 'sjob-stayers an ad valorem subsidy rate ofs�Y = pA �11�a �s(pA)��a � p �11�a [s(p)℄�ap �11�a [s(p)℄�a ; (38)the poli
ymaker 
an make the status of all the job-staying individuals in se
tor Y the same as it wasunder autarky in the �rst-stage equilibrium. 31



It is always instru
tive to look at a �rst-best 
ase, even if in reality it is impossible to implement su
h as
heme. Thus let us now posit the following �rst-best s
heme:S
heme 1 As a �rst-stage equilibrium, tax the winning groups (Cases I,II, and III) and subsidize the losinggroups (Cases IV and V) in amounts equal to their gains and losses, so that every individual is in the samesituation as he or she was ba
k in autarky. Su
h tax and subsidy rates have been well expressed by our equations(30), (32), (34), (36), and (38).If we 
ould implement this �
titious �rst-best 
ase, we would have a rent-neutral s
heme. But while thetaxation and subsidy s
hemes for Cases I,II, and V are feasible, the determination of the tax and subsidyrates for the job-swit
hers, Cases III and IV, must be based on a 
ombination of observable and unobservablevariables. The government 
annot distinguish between the Cases III and IV groups be
ause it 
annot observethe relative size of (�j ; � j) for ea
h individual. The poli
ymaker 
an observe only the pro�t that is a

ruingfrom 
urrent produ
tion, and thus 
an observe, in this 
ase of p > pA, only the pro�t from se
tor-X-produ
tion.The poli
ymaker 
annot observe (or 
ondition his taxation s
heme on) the 
ounter-fa
tual pro�t from se
torY that is proportional to the agent's unused latent talent � . In terms of Fig. 8, for instan
e, this means thatthere is no way for the government to distinguish the points q and r, be
ause in the equilibrium the individualsat both q and r earn the same pro�t and produ
e the same amount of produ
t X . All of whi
h leads us tothe following result.Proposition 4 Given the setup of the model in this 
hapter, if the government is aiming to a
hieve a Paretoimprovement from autarky, there is no informationally feasible �rst-stage 
ompensated equilibrium thatis rent-neutral.By 
onsulting our equations (28), (31), and (37), whi
h depi
t the gains and losses for the various groupsof individuals, we are able to establish the taxation and subsidy rates for, and to make as happy as theywere ba
k in autarky, these three groups of individuals: (a) generi
-fa
tor-K owners at the rate (30); (b)se
tor-X job-stayers at the rate (32); and (
) se
tor-Y job-stayers at the rate (38). We 
an do this be
ausethese individuals' gains and losses are proportional to their fa
tor-returns (both their residual-pro�ts andgeneri
-fa
tor returns), and thus also proportional to the sizes of their a
tually employed talents (or fa
torendowments). In this 
ase, all we need to do is simply setup a linear tax or subsidy system. (We re
all, fromResult 1 in se
tion 5, that any linear tax-subsidy system is in
entive 
ompatible.)As we shift our fo
us now to the job-swit
hing individuals, we �nd that things are not so easy. Look atequations (33) and (35), showing that the amount of an individual's gain or loss depends on the relative sizeof his a
tually used talent � and his unused latent talent � . Be
ause the poli
ymaker does not have a

essto ea
h individual's data { history of pro�ts and losses { he 
an only base the taxation-subsidy s
heme onthe 
urrently observable variables. In this 
ase, the 
urrent pro�t from se
tor-X produ
tion is observable.In e�e
t, the poli
ymaker 
an observe �, but not � . (The poli
ymaker observes the pro�ts of the individualagents. If a pro�t is reported truthfully, the poli
ymaker 
an re
al
ulate the size of the used talent. See32



Remark 1 in se
tion 5.) Thus, the poli
ymaker 
annot make all the job-swit
hing individuals exa
tly as happyas they were under autarky, with the ex
eption of one border 
ase that we will be looking at shortly. Givenall of this, we 
on
lude the following.Proposition 5 Given the setup of the model in this 
hapter, if the government is aiming to a
hieve a Paretoimprovement from autarky, the informationally feasible sort of post-trade 
ompensation poli
y mustover
ompensate the group of job-swit
hing individuals in its �rst-stage equilibrium.If the poli
ymaker's most pressing 
on
ern is to ensure a Pareto improvement over the autarky, then theinformationally feasible s
heme must over
ompensate the job-swit
hing individuals. The pre
eding points havetaught us that the poli
ymaker 
an tax and subsidize job-stayers in the rent-neutral manner, but 
annot doso for the job-swit
hers simply be
ause in their 
ase he 
an observe only �, not � .Let us go ba
k for a moment to Fig. 7, in whi
h we posit the unit-square support for the joint distributionof talents. The left-hand side of the �gure 
ontains the lines that represent a same per
entage-
hange of gainor loss from trade. The right-hand side 
ontains the lines indi
ating that those individuals are making thesame amount of residual pro�t. The iso-per
entage gain-loss lines are the rays from origin, and the iso-
urrentpro�t lines for X produ
ers are the parallel verti
al lines.While this �rst-best �rst-stage s
heme requires that there be a linear taxation-subsidy system imposedalong the iso-per
entage gain-loss lines, the poli
ymaker 
an observe only the di�eren
es among individualsalong the iso-
urrent pro�t lines. This is be
ause the job-swit
hing individuals appear to be the same whenthey are earning the same amount of pro�t, and hen
e show up on the same iso-
urrent pro�t line.Among those who are earning the same pro�t, it is the individual on the upper bound of the iso-
urrentpro�t line who has gained the smallest (lost the largest) amount from trade. Sin
e the poli
ymaker 
annotdistinguish among the individuals on the same iso-pro�t line, he must 
ompensate all the individuals on thesame pro�t line at the same level as the least lu
ky individual who is on the upper bound of that line. Andyet, apart from that least happy individual exa
tly on the upper bound, those who re
eived the same amountsof 
ompensation dispensed by the poli
ymaker must 
arry positive rents, sin
e their iso-per
entage gain-losslines are higher than that of the upper-bound individual.Looking again at the two points q and r in Fig. 7, we see that they are on the same iso 
urrent-pro�t line.Thus they appear to be the same from the poli
ymaker's view point, and yet one of them, q, is a loser whilethe other, r, is a gainer. Still, the amount of 
ompensation must be the same for both points q and r. Even ifthe individual at r is in fa
t a gainer, he must be re
eiving the same amount of subsidy (as oppose to payingany tax) as the individual at point q. The point again being that the government whi
h aims for a Paretoimprovement will unavoidably over
ompensate the job-swit
hing individuals.To help us to see this in a more 
on
rete manner, let us de�ne the iso 
urrent-pro�t set ICP (��).De�nition 8 The iso 
urrent-pro�t set ICP (��) is the set of all those job-swit
hing individuals who have thesame size of talent ��: ICP (��) � �(�j ; � j) 2 CY�X : �j = ��	 ;33



where CY�X is a partition of job-swit
hers; i.e.,CY�X � �(�j ; � j) 2 � : (pA) 21�a � < � j < p 21�a �� :Note that ICP (��) is a linear, one-dimensional subspa
e of R2 . Let �(��) be the lower bound for the valueof the element � in a set ICP (��), and let �(��) be the upper bound for the same subspa
e. Note that �(��)is always equal to (pA) 21�a ��, whereas �(��) depends on the size of ��. In parti
ular,�(��) = sup�p 21�a ��;�� (��)� ;where �� (��) is a upper bound for the element � in the whole � spa
e when �j = ��. In the 
ase of aunit-square support for the joint distribution, �� (��) = 1.Be
ause all of the individuals in the set ICP (��) are the job-swit
hers from se
tor Y to se
tor X , they are
urrently produ
ing output X . And sin
e all the members of the set ICP (��) have the same size of talent��, their pro�t will be the same: �jX(p; r(p); ��). Their individual gains or losses, however, will be di�erentbe
ause they have di�erent sizes of the latent talent � . By working out of (33) and (35), we �nd that theamount of individual gains or losses 
an be expressed as ��g(pW ) � �� � g(pA) � � j ��. Whether the individual j(who has the talent ��) gains or loses, and how mu
h he gains or loses, will depend upon the size of � j . Butamong those who belong to the set ICP (��) there are all spe
tra of the individuals who have the latent talent� in the interval h�(��); �(��)i. The poli
ymaker, however, 
annot distinguish among them.If the poli
ymaker would like to ensure Pareto gains from trade, he must be sure he makes the least happyindividual as happy as he was ba
k in the autarky. Note also that this least happy individual must have had thelargest talent in the previous se
tor Y , and hen
e have been the one with the largest latent talent �(��). There-fore, for all individuals (��; �) 2 ICP (��), the amount of subsidy or tax must be ���g(pW ) � �� � g(pA) � �(��)���.The ad valorem rate for any individual having the pro�t �(��) would then bet�X�Y (�(��)) = �����g(pW ) � �� � g(pA) � �(��)g(pW ) � �� ����� : (39)If g(pW ) � �� � g(pA) � �(��) > 0, equation (39) represents a tax rate. If g(pW ) � �� � g(pA) � �(��) < 0, itrepresents a subsidy rate. With the ex
eption of the individual at the point (��; �(��)), whi
h is measure zero,all of the individuals in the set ICP (��) are going to over
ompensated, sin
e the inequalityg(pW ) � �� � g(pA) � �(��) < g(pW ) � �� � g(pA) � � (40)must hold for all those having the latent talent � 2 h�(��); �(��)�.From (40), we 
an see thatZ �(��)�(��) ng(pW ) � �� � g(pA) � �(��)o f(��; �)d� < Z �(��)�(��) �g(pW ) � �� � g(pA) � �	 f(��; �)d�:Then we also 
an integrate over all the job-swit
hing individuals, thus,ZCY�X Z �(��)�(��) ng(pW ) � �� � g(pA) � �(��)o f(�; �)d�d�� < ZCY�X Z �(��)�(��) �g(pW ) � �� � g(pA) � �	 f(�; �)d�d�� ;(41)34



with the integration over �� being done for all the job-swit
hing individuals. The di�eren
e between theright- and left-hand sides of the inequality (41) is the total amount of over
ompensation for the job-swit
hingindividuals.Given the pre
eding over
ompensation results, we 
an go on to state the following proposition.Proposition 6 An informationally feasible post-trade 
ompensation poli
y that a
hieves weak Paretoimprovement may or may not be self-�nan
ing, depending upon the joint distribution of the individuals'talents.A

ording to Ohyama (1972), a Pareto-improving 
ompensation s
heme will be self-�nan
ing so long asthe aggregate 
onsumption possibilities set is larger than the one under autarky, if we allow for a lump-sumtransfer. In this model, however, when we impose the informational feasibility 
ondition, a 
ompensations
heme without a lump-sum transfer may or may not be self-�nan
ing. This is be
ause over
ompensating thejob-swit
hing individuals may absorb the positive aggregate rents the e
onomy has seen owing to an openingup to trade. Whether the amount of over
ompensation is large will depend upon the shape of the jointdistribution of talents. In parti
ular, if the total mass of job-swit
hing individuals is large, then the totalamount of over
ompensation will be large as well. We 
an then �nd parameter values su
h that the total
ompensation s
heme will not be self-�nan
ing.Figure 9: The informationally feasible post-trade 
ompensation s
heme.
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Let us now look at an example where the support of joint distribution is a unit square. Figure 9 illustratesthe s
heme for this 
ase. For this unit-square 
ase, we introdu
e a di�erent, �ner separation of the partitionCY�X into two groups: a group of absolute gainers and a group 
ombining gainers and losers { based only onthe observable variables. To help us make this matter more 
on
rete, 
onsider the following:35



(i) Generi
-fa
tor owners; same as Case I.(ii) All of the individuals in partition CXX ; same as Case II.(iii) Those individuals in partition CY X who meet the 
ondition � > g(pA)g(pW ) .(iv) Those individuals in partition CY X who meet the 
ondition � < g(pA)g(pW ) .(v) All of the individuals in partition CY Y ; same as Case V.Note that in Fig. 9, the dotted line OZ stands for the gain-zero line: � = g(pA)g(pW ) � � . This 
ategorizationuses only the observable variables, be
ause the distin
tion between the partition (iii) and the partition (iv) isbased solely on �, whi
h 
an be re
al
ulated by looking at the 
urrent pro�ts of the individuals. Given thisnew 
ategorization, let us propose a revised post-trade 
ompensation s
heme.S
heme 2 As a �rst-stage equilibrium, tax (i), (ii), (iii) and subsidize (iv) and (v). Note in parti
ular thatthe tax and subsidy rates are as expressed in the equations: (30) for (i), (32) for (ii), (39) for groups (iii) and(iv), and (38) for (v).This s
heme is all done with the observable variables. Thus, it is feasible. And yet it is only a se
ond-best,be
ause the groups (iii) and (iv) bring us into over
ompensation. This is inevitable, given that we have noway to distinguish among the gainers and losers in this 
ategory.In order to �nd the appropriate tax-subsidy rate, let us seek both the minimum subsidy rate and themaximum tax rate for ea
h group that satis�es the weak-Pareto-improvement requirement shown in (24).Be
ause the model in this paper uses the pri
e normalization that assures us that the nominal in
ome is equalto the real in
ome, we 
an easily �nd the tax-subsidy rate for all the groups that makes everyone as well-o� asthey were ba
k in the autarky. Note that the tax-subsidy base must be the observable variable or the variablethat is easily re
al
ulated. Thus the nature of the tax-subsidy for ea
h group will be:(i) (Linear) fa
tor (
ommodity) tax on the generi
 fa
tors.(ii) (Linear) pro�t tax on the o

upation-rewards for the job-staying produ
ers of output X .(iii) (Nonlinear) pro�t tax on the o

upation-rewards for the job-swit
hing produ
ers of output X .(iv) (Nonlinear) pro�t subsidy on the o

upation-rewards for the job-swit
hing produ
ers of output X .(v) (Linear) pro�t subsidy on the o

upation-rewards for the job-staying produ
ers of output Y .The linear fa
tor tax for generi
-fa
tor owners is the same as the one we saw in the �rst best 
ase. Nowwe would like to fo
us on the individual heterogeneity of talents. Based on the above 
ategorization, let usdenote the partitions of the ability ve
tor spa
e in a �ner way:1. CX�X � �(�j ; � j) 2 � : � j < (pA) 21�a �j� 36



2. H = CHY�X � �(�j ; � j) 2 � : p 21�a � > � j > (pA) 21�a �j and 1 > g(pW )g(pA) � �j�3. M = CMY�X � �(�j ; � j) 2 � : p 21�a � > � j > (pA) 21�a �j and 1=(p 21�a ) < �j < g(pA)g(pW )�4. L = CLY�X � �(�j ; � j) 2 � : p 21�a � > � j > (pA) 21�a �j and 0 < �j < 1=(p 21�a )�5. CY�Y � �(�j ; � j) 2 � : p 21�a � < � j�The job-stayer groups CX�X and CY�Y will fa
e the same linear tax-subsidy s
heme as we saw in the�rst-best 
ase. Thus, our fo
us here will be on the groups of job-swit
hers, H , M and L, all of whom are
urrently produ
ing the output X . Be
ause the government 
annot distinguish among those earn the samepro�t from their produ
tion of X , the poli
ymaker must take from (give to) ea
h individual as little tax (largesubsidy) as the least gainer (worst loser) among those who earn the same pro�t. For a given pro�t-level, theleast gainers are those who possess the largest latent ability to make Y produ
t. For the group H and M , theleast gainers (largest losers) are the individuals with �(��) = 1. For the group L, they are �(��) = p 21�a ��.Next, we must e�e
tively 
he
k the optimal tax rate for those who have an ability ve
tor (��; 1) where1 � �� > 1=(p 21�a ), and the optimal tax rate for those with a ve
tor (��; p 21�a ��) where 0 < �� < 1=(p 21�a ).Thus, the individuals in the group H who earn �(��) will have imposed upon them a tax rate oftH(�(��)) = g(pW ) � �� � g(pA)g(pW ) � �� � Æ(��);while the individuals in group M who earn �(��) will be given a subsidy at the rate ofsM (�(��)) = g(pW )� g(pA) � ��g(pW ) � �� + Æ(��);where Æ(��) > 0 represents an arbitrary, very small number that has a property of Æ0(��) > 0. The purposeof this additional small term is to avoid brea
hing the 
ondition " = �T=T��=� > �1, arrived at Result 1 in theprevious se
tion. Without this term Æ(��), the 
ondition must inevitably be
ome " = �1. (For the formalproof, see the Appendix.) The group-L individuals will fa
e the linear subsidy rate:sL = g(pA) � p 21�a �� � g(pW ) � ��g(pW ) � �� = g(pA) � p 21�a � g(pW )g(pW ) :This 
ompletes the des
ription of the tax-subsidy s
heme for the �rst-stage equilibrium in the unit-square
ase.7 An Anti
ipated Compensation S
hemeIn the previous se
tion, our 
ompensation program was ena
ted after trade openings. The introdu
tion ofthe program is assumed to have been a surprising (unpredi
ted) one. It may indeed be rather 
lose to whata
tually o

urred in the 1960s, and yet su
h an analysis still may not des
ribe at all well the more re
entsituations. On
e a 
ompensation s
heme is in pla
e, the individual agents start taking its very existen
e into37



a

ount. They 
hange their behaviors simply be
ause the existen
e of the program alters their in
entives.33In this se
tion we analyze what we shall 
all an anti
ipated 
ompensation s
heme.We begin by looking at the situation in whi
h individual agents expe
t the 
ompensation program to exist,and behave a

ordingly. In the previous se
tion, we saw some agents swit
h their o

upations before they knowwhether there would be a 
ompensation s
heme. In this se
tion we posit that some of the individual agentswho had 
hanged their jobs under that s
enario [without 
ompensation℄ may not swit
h their o

upations ifthey expe
t a 
ompensating subsidy that will be given only when they stay in their de
lining industry. This isinevitable, sin
e any 
ompensation s
heme must spe
ify the tax and subsidy rates not just for job-swit
hers butfor job-stayers as well. When job-stayers stay in their own industry, poli
ymakers 
annot tell if they are the
ounter-fa
tual job-swit
hers. Indeed, there would be no way for us to tell whi
h agents among the job-stayershave 
hanged their jobs, were it not for the 
ompensation s
heme. Noting this diÆ
ulty/
ompli
ation, let usturn to the 
reation of an anti
ipated 
ompensation s
heme.We adopt the same strategy as before. In the �rst-stage equilibrium, the poli
ymaker will try to makeagents as happy as or happier than they were ba
k in the autarky situation.34 We try to generate non-negativerevenues for the government, whi
h later the poli
ymaker 
an redistribute ba
k to all agents in the se
ondstage. Let us �rst announ
e the following tax s
heme for the produ
ers of X under autarky.1. For those who stay in X industry, there will be a linear tax rate oftant = �jX1 � �jX0�jX1 = p 11�a [s(p)℄�a � pA 11�a �s(pA)��ap 11�a [s(p)℄�a :This tax-rate 
an make the job-stayers in X indi�erent from the autarky situation.2. For those who swit
h from X to Y industry, there will be a linear tax rate oft�ant > �jX1 � �jY 0�jX1 = p 11�a [s(p)℄�a � pA �11�a �s(pA)��ap 11�a [s(p)℄�a :In reality, there will be no job-swit
hers in this dire
tion, given the 
hange in terms-of-trade.Thus, all the members of CX�X will stay in X industry, and all must pay the amount of tax that makesthem indi�erent from the autarky situation. No one will swit
h from X to Y , sin
e paying tax at the rate t�antmakes no sense.Now, in order to make sure that those in group CY�Y are at least as well o� as they were in the autarkysituation, we announ
e the following subsidy s
heme for the produ
ers of Y in autarky.33The argument here is analogous to the Friedman-Phelps hypothesis of the natural rate of unemployment. If poli
ymakerstry to take advantage of the Phillips 
urve by 
hoosing higher in
ation in order to redu
e unemployment, they will su

eed inredu
ing unemployment only temporarily. Several years of a high in
ation rate will shift the augmented Phillips 
urve upward,be
ause people's expe
ted level of in
ation rate at the natural rate of unemployment will also rise. Thus, poli
ymakers must waitfor a long time before they 
an take advantage of surprise in
ation. By a similar logi
, the poli
ymaker 
annot take advantage ofan unanti
ipated 
ompensation s
heme for a long time.34We may have to provide some positive surplus, for informational reasons.38



3. If any Y -produ
er in autarky 
hooses to stay in se
tor-Y -produ
tion after the opening up to trade, thegovernment will provide him or her a positive subsidy { one that is proportional to his or her o

upationalreturn in Y produ
tion. The linear subsidy rate will besant = �jY 0 � �jY 1�jY 1 = pA �11�a �s(pA)��a � p �11�a [s(p)℄�ap �11�a [s(p)℄�a :This o�er by the government will surely guarantee that no one is made worse o� by the opening up tofree trade, for the autarky produ
ers of Y now have the option of staying in the same industry, with thesame return as before.The government is left to spe
ify the tax-subsidy s
heme for those who swit
h from se
tor Y to se
tor X{ namely, the group CY�X . Now, in order to make our analysis a more 
on
rete one, let us look at Fig. 10,whi
h shows a 
ase of unit-square support.Figure 10: An ex ante 
ompensation s
heme with its partitions.
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We now 
an divide the unit-square into �ve partitions. With the ex
eption of the natural job-stayers {the groups CX�X and CY�Y { there are three new groups among the 
ounter-fa
tual job-swit
hers: (1) D,
omprising the individuals who were job-swit
hers, under free trade but who will stay in industry Y ; (2) L,
omprising those who were winning job-swit
hers under free trade but whose 
urrent pro�ts are indistinguish-able from those of the losing job-swit
hers; and (3) H , 
omprising those who were winning job-swit
hers underfree trade and whose 
urrent pro�ts must surely be larger than those of the losing job-swit
hers.With respe
t to the group D, the government 
annot do anything better than it did by implementing theabove subsidy s
heme, targeting industry-Y -stayers. As long as the latter de
ide to stay in se
tor Y , theyare indistinguishable from all the other natural stayers in that se
tor. Therefore, let it be said that our taxs
heme targets two groups above all: L and H . This entails the following:39



4. Tax Exemption for group L. Those who are in this group are natural gainers from trade. Therefore, evengiven the subsidy for job-stayers in se
tor Y , the agents will �nd it pro�table to swit
h their o

upations,
onditional on the tax-exemption in the new se
tor.5. Tax the group H at the same rate as that used in the post-trade unanti
ipated s
heme:t��ant(�(��)) = �jX1 � �jY 0 j�=1�jX1 = g(pW ) � �� � g(pA)g(pW ) � �� � Æ(��):Then, everyone ex
ept for those who have � = 1 will surely gain a positive rent. Thus, this tax rate isin
entive-
ompatible for those who are in group H . The term Æ(��) has the same property as it did inthe previous se
tion.We 
an state that the s
heme presented here satis�es all three 
onditions: informational feasibility, weakPareto improvement, and being self-�nan
ing. It is informationally feasible, sin
e all the tax and subsidy ratesare in
entive 
ompatible. It is weakly Pareto improving, sin
e every agent is at least as happy as he or she wasunder autarky. If there exist aggregate gains from trade, the tax revenues from this s
heme will be larger thanthe 
osts of subsidy. It is likely that net government revenues that have been brought in by the job-stayingindividuals in both se
tors X and Y would be positive. With respe
t to the job-swit
hers, who 
reated aover
ompensation problem in the unanti
ipated 
ase, this s
heme will either tax some of them or exempt somefrom tax; hen
e, the poli
ymaker will be left with stri
tly positive tax revenue. Although there exist somepositive rents, and hen
e over
ompensation in the form of smaller taxes for the groupH , this over
ompensationwill not negatively a�e
t the government budget sin
e it takes the form of a smaller-than-ideal tax rate.Nevertheless, the allo
ation a
hieved in this s
heme is not without its 
osts. The s
heme attains threedesirable properties { informational feasibility, weak Pareto improvement, and being self-�nan
ing { 
reatesaggregate-level ineÆ
ien
y, namely, the smaller aggregate 
onsumption possibility set, evaluated at the world-pri
e level. This smaller aggregate-gains arise out of the fa
t that there is a smaller number of job-swit
hingindividuals.Proposition 7 There exists an anti
ipated (ex ante) 
ompensation program that is informationallyfeasible, weakly Pareto improving, and self-�nan
ing. The aggregate 
onsumption possibilities set issmaller than the one under the unanti
ipated (ex post) 
ase.Furthermore, when we look at the 
urrent TAA program, we �nd a striking result. Noting that our modeldoes not have any fri
tional 
osts for o

upation-swit
hing, we propose taxing at a positive rate or at zero(tax exemption) those who swit
h o

upations. This 
ontradi
ts the results in Feenstra and Lewis (1994),whi
h suggests a relo
ation subsidy for job-swit
hers. Our optimal s
heme suggests that, to the 
ontrary, thepoli
ymaker should give no subsidy to the job-swit
hers. We propose that the subsidy be given only to thosejob-stayers who 
hoose to remain in the de
lining industry. Given the way we have set up our model to haveno fri
tional moving (between-se
tors) 
osts, we are not surprised to arrive at the following negative resultabout the 
urrent TAA, whi
h provides a poll subsidy to o

upation-swit
hers.40



Proposition 8 The poll subsidy for those who have 
hanged industries has a disin
entive problem. It indu
esan ineÆ
ient allo
ation of individuals.Given the setup of the model in this paper, the minimal subsidy for the job-swit
hing individuals mustbe non-positive; i.e., it must 
ontain a tax exemption for group L and a positive tax for group H . Bygiving a positive subsidy to the job-swit
hing individuals, some of the job-stayers in se
tor Y (espe
iallythose individual agents who are 
loser to the gain-zero line OZ) may �nd it pro�table to move to se
tor X .And yet, while this positive subsidy is su

essful in terms of indu
ing some 
ounter-fa
tual job-swit
hers toa
tually move to a more eÆ
ient se
tor (in the post-trade world), it also 
reates a huge side-e�e
t. Be
ausethe poli
ymaker 
annot distinguish the 
ounter-fa
tual job-swit
hers from the natural (winning) job-swit
hers,a positive subsidy 
reates the over
ompensation problem all over again, for the job-swit
hers who are on thesame iso 
urrent-pro�t lines. It turns out that the poli
ymaker must o�er the same menu of tax-subsidyrates as that seen in the unanti
ipated post-trade 
ompensation s
heme, if the government is to observe themaximum number of job-swit
hers, and hen
e see the maximum aggregate produ
tion gains in the e
onomy.With this subsidy, the same over
ompensation problem, and the same ambiguity as to a violation of thes
heme's self-�nan
ing, be
ome problems.When the poli
ymaker's 
on
ern is in budget balan
ing, then some positive taxation on the job swit
hingindividuals may also be a poli
y option.35 Positive tax on job swit
hers, if not too large, may still indu
esome natural job-swit
hers to 
hange their o

upations. Sin
e we 
olle
t taxes from these job swit
hers, thispoli
y will ease the budget problem while it may indu
e smaller number of individuals to swit
h to an eÆ
ientindustry. There will be a larger number of individuals who will stay in de
lining industry. Thus, trade o�between government budget and aggregate gains will still remain.The pre
eding analysis has shown us, in the 
ase of an anti
ipated 
ompensation s
heme where the govern-ment aims to attain a Pareto improvement from autarky, that there exists a tradeo� between size of aggregateprodu
tion gains from trade and amount of over
ompensation.8 Con
lusionThis paper has developed a model that attains aggregate produ
tion gains from trade. The model aims todepi
t a realisti
 situation whi
h individual agents often a
tually �nd themselves in. It assumes that anindividual agent must 
hoose one job at a time, and that he is endowed with a multi-valued ve
tor of talentsin various se
tors. The produ
tivity of the agents is assumed to di�er a
ross the agents. This setup 
ertainly
reates gainers and losers from trade, but the amount of the gains and losses is based on the relative strengths ofthe agents' talents, between their a
tually-used ones and their unused-latent ones. If the government 
hoosesto impose a realisti
 taxation-subsidy s
heme on 
urrent fa
tor-pri
es and pro�ts, then poli
ymakers mustfa
e up to an unavoidable tradeo� between Pareto improvement and over
ompensation. In other words, if the35I thank Professor Eii
hi Miyagawa for pointing out the possibility of this type of poli
y .41



poli
ymakers do attain a Pareto improvement, the 
ompensation s
heme will ne
essarily be over
ompensatingthe job-swit
hing individuals. If, on the other hand, they rigorously avoid over
ompensation be
ause they
are about a balan
ed-budget, their 
ompensation program will not attain any Pareto improvement.In addition to this tradeo�, it is the 
ase that when a 
ompensation s
heme is anti
ipated by the individ-ual agents, there emerges another tradeo�, this one being between over
ompensation and size of aggregateprodu
tion gains. Most poli
ymakers are vaguely aware of all these tradeo�s, but there still haven't beenmany serious studies done on this issue. Thus this paper has taken as its appointed task the proposing of atheoreti
al framework that 
an explain the tradeo�s the governments fa
e when trying to set up 
ompensatingredistribution s
hemes.This paper also provides its readers with an explanation for the diÆ
ulty we all fa
e in distinguishingwinners from losers in the wake of an opening up to trade. Su
h identi�
ations have been attempted su

essfullyfor su
h a basi
 trade model as that of He
ks
her-Ohlin or spe
i�
-fa
tors model. As for Feenstra and Lewis(1994), they noted their own diÆ
ulty of the identi�
ation, in their imperfe
tly mobile fa
tors model, and setup as part of their investigation into heterogeneous adjustment 
osts. And while Feenstra and Lewis assumedpositive adjustment 
osts for all of their imperfe
tly mobile fa
tors, my model has found 
ases in whi
h theadjustment 
osts for some agents among those who swit
h their o

upations may be
ome negative and hen
e,there are gainers. Thus, the poll subsidy for job-swit
hing individuals (supported as a remedy by Feenstra andLewis) may not be a good 
ompensation poli
y under the setup of my model. Furthermore, any observation of
urrent pro�ts will not re
e
t the a
tual gains or losses from trade openings. This makes it highly diÆ
ult forany government to put in pla
e a reliably Pareto-improving 
ompensation s
heme that bases the tax-subsidyon 
urrent variables.This paper has provided its readers with a model of individuals' o

upational-
hoi
es and welfare-
hangeswhen the e
onomy fa
es a 
hange in terms of trade, and espe
ially, one from autarky to free trade. We havefound that there exist both winners and losers among the job-swit
hers. And yet, although this paper's analysis
an explain individuals' long-run gains and losses from moving to a new se
tor, the model does not take intoa

ount the short-run 
osts arising out of the labor adjustment pro
ess. (We have impli
itly assumed thatfri
tional unemployment 
osts are zero.) Therefore the paper's 
hief theoreti
al result { no positive subsidyfor job-swit
hing individuals, in a self-�nan
ing 
ompensation s
heme { should not and must not be taken tooliterally. Indeed, the a
tual government 
ompensation provided by the United States Department of Laborthrough its trade adjustment assistan
e (TAA) program involves a relo
ation subsidy for those who move toa new lo
ation when job-swit
hing owing to trade openings. Su
h a program may be justi�ed, to the extentthat there exist short-run fri
tional 
osts asso
iated with job-swit
hing.One of the simplifying assumptions of the paper is that o

upational talents are exogenously given forea
h individual. In reality, people may invest mu
h of their time in expanding their skills. I have left outthe possibility of su
h dynami
 development of individual talent via a human-
apital investment. Grossmanand Shapiro (1982) looked at the determinants of individual talent-training, when the individual agents areidenti
al ex ante. An interesting extension of this paper's model would bring a greater ri
hness to a dynami
42



formation of spe
i�
 fa
tors, by allowing for investment in individual o

upational talents. Surely this is oneof the most promising areas for future resear
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with respe
t to p. Let s(p) � p 11�a � V R� (p) + p� 11�a � V S� (p). The derivative of equation (42) 
an then beexpressed as (1� a) [s(p)℄�a ds(p)dp :Sin
e (1� a) [s(p)℄�a > 0, we need to 
he
k the signs of s0(p) = ds(p)dp :s0(p) = 1p(1� a) � hp 11�a � V R� (p)� p �11�a � V S� (p)i+ �p 11�a � dV R�dp + p �11�a � dV S�dp � : (43)We know from autarky 
ondition (20) that s0(p) = 0 when p = pA. By utilizing the 
onditions (21) and (22),and by noting that the se
ond term in (43) is very small 
ompared to the �rst term, we also 
an 
on
lude thats0(p) < 0 when p > pA and that s0(p) > 0 when p < pA. This 
on
ludes the proof.Proof of Proposition 2. We express the o

upational return for X produ
ers:�jX (p; r; �j) = "p 11�a � 1r(p)� a1�a �a a1�a � a 11�a �# � �j (44)By plugging equation (13) into (44), we obtain an expression of o

upational reward in terms of outputpri
e: �jX (p; �j) = �a �a1�a �a a1�a � a 11�a �Ka� � p 11�a � hp 11�a � V R� (p) + p� 11�a � V S� (p)i�a � �j= Ka(1� a) � p 11�a [s(p)℄�a � �j :Sin
e the 
onstant termKa(1�a) is positive and �j is nonnegative by assumption, the derivative of p 11�a [s(p)℄�ahas the same sign as the derivative of �jX (p; �j) with respe
t to p. Therefore, showing thatd�p 11�a [s(p)℄�a�dp > 0 (45)is equivalent to 
arrying over the truth of the above proposition to the 
ase of the job-stayers in se
tor X :d�p 11�a [s(p)℄�a�dp = s�a � p a1�a � a �� 1a(1� a) � p � s0(p)s(p) � :Be
ause we know that 0 < a < 1 and that p > 0, it is 
lear thats�a � p a1�a � a > 0 and 1a(1� a) > 0:And be
ause we know, from p > pA, that s0(p) < 0, we 
an 
on
lude that� 1a(1� a) � p � s0(p)s(p) � > 0:In this way, we have shown that (45) holds. A similar analysis 
ould easily be 
arried out of the o

upationalrewards for Y , and hen
e the proof is omitted.
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B A Pro�t Tax SystemLet us assume that the produ
tion fun
tion is x = X(k; �); (46)where x is a quantity of output, k is the amount of generi
 fa
tor employed by the �rm, and � is the spe
i�
o

upational fa
tor that is indivisible and embodied in the individual agent. Let X(k; �) be in
reasing in botharguments, stri
tly 
on
ave, in�nitely 
ontinuously di�erentiable, and with 
onstant returns to s
ale.Let p be the output pri
e of x. Let r be the market pri
e for the generi
 fa
tor k. The agent's pro�tmaximization program will then be writtenmaxk �(k; �; p; r) = p �X(k; �)� r � k: (47)Note that the 
hoi
e variable for the agent is k only, be
ause � is embodied and indivisible. The regular�rst-order 
ondition is written ���k = 0() p � �X�k = r: (48)Stri
t 
on
avity of the produ
tion fun
tion X(�; �) guarantees that the se
ond-order 
ondition for the regularproblem (47) holds with stri
t inequality: �2��k2 < 0: (49)Now, 
onsider the pro�t-tax system on the pro�t of the agent, given equation (47). If the ad valorem tax rateis t, then the pro�t-maximization program is written asmaxk (1� t) fp �X(k; �)� r � kg : (50)When t does not depend on k or �, the pro�t-maximization problem fa
ed by an individual is un
hanged.Hen
e, the �rst-order 
ondition will be the same as (48).B.1 Tax Rate Proportional to Pro�tNow let 1 � t = T (�) be the pro�t-tax s
hedule. The rate of tax depends on the observed pro�t of theindividual. The program is now writtenmaxk fT (�) � �g = T (�) fp �X(k; �)� r � kg : (51)The �rst-order 
ondition for (51) will be�T�� � ���k � � + T � ���k = ���k � ��T�� � � + T� = 0: (52)Condition (52) implies that ���k = 0, ex
ept for the 
ase where�T�� � � + T = T �1 + �T�� � �T � = T (1 + ") = 0;46



with " � �T=T��=� being an elasti
ity of the tax rate with respe
t to pro�t. Thus we �nd that, unless " = �1, the�rst-order 
ondition (52) implies the same 
ondition as (48).The se
ond-order 
ondition for the pro�t-maximization will be�2��k2 ���T�� � � + T�+ ���k � ��k ��T�� � � + T� � SOC < 0: (53)The se
ond term of SOC will be ���k � ��2T��2 � ���k � � + 2��T�� � ���k�� :This is evaluated around the optimum point, where ���k = 0. Thus, given (49), we see that the relevant
ondition for the program's se
ond-order 
ondition will be�T�� � � + T = T (1 + ") > 0:And sin
e we know that T > 0, the 
ondition also 
an be shown as" = �T=T��=� > �1: (54)So, unless the pro�t-tax rate de
reases by more than 1% as the pro�t simultaneously in
reases by 1%, theagent will maximize the pro�t even after the tax has been imposed on the pro�t.B.2 Tax Rate Proportional to OutputNow let 1 � t = T (x) be a new pro�t-tax s
hedule. The rate of tax depends on the observed output of theindividual. The program is now writtenmaxk fT (x) � �g = T (x) fp �X(k; �)� r � kg : (55)The �rst-order 
ondition is now written�T�x � �X�k � � + T � �p � �X�k � r� = �X�k ���T�x � � + pT�� rT = 0: (56)Note that the optimal level of k is smaller than the no tax 
ase (47), be
ause�T�x � �X�k � fp �X(k; �)� r � kg < 0;together with r > 0 and T > 0 implies that �p � �X�k � r� > 0:Thus, the pro�t tax system that is based on observed output will inevitably be distortionary.
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