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1. Introduction

while adjustment costs have received substantial attention in the
positive theory of trade, as in models of partially-mobile factors,! they have
received less attention in the normative theory, such as the gains from trade.?
Perhaps the reason is that many forms of adjustment costs are fully consistent
with an Arrow-Debreu framework (the adjustment is a “production function”
transforming a factor from one industry to another), and literature on the gains
from trade is meant to deal with these general equilibrium settings. In
particular, we know that by using lump-sum transfers all individuals in an
economy can be compensated for changes in their income due to opening trade,
including compensation for any adjustment costs they face (since these are part
of the Arrow-Debreu framework).3

Recently, literature on the gains from trade has shifted away from the
use of lump-sum transfers, because of their high informational requirements.“
Dixit and Norman (1980, p. 79; 1986) have proposed a scheme of commodity
taxation which can achieve Pareto gains from trade with much less information.
In brief, the Dixit-Norman (DN) scheme is to arrange commodity taxes such that
consumers face autarky prices for goods and factors, while producers face free
trade prices. It turns out that the government raises non-negative revenue

from this tax scheme. and strictly positive revenue so long as production

1 Grossman (1983) uses a model where each unit of capital loses some efficiency as it
moves between sectors. This model is consistent with our framework, where we
emphasize the differences across individuals in their adjustment costs of each factor.
Since our model is static, however, we do not incorporate the dynamic adjustment
analysed by Mayer (1974), Mussa (1974) and Neary (1978).

2 Exception to this statement include the work on on tariff reductions by Leamer
(1980), and on trade adjustment assistance by Diamond (1982).

3 Recent surveys of the literature on the gains from trade are provided by Chipman
(1887) and Kemp (1987).

4 The informational requirements are discussed in footnote 10.



changes from its autarky position, which can then be distributed as a poll
subsidy.S Kemp and Wan (1986) have emphasized that production will not neces-
sarily shift in response to free trade prices, in which case positive revenue is
not obtained, and have critiqued other aspects of the DN scheme.®

Our point of departure from Dixit and Norman is that we consider a
model where all factors of production are imperfectly mobile. As outlined in
sections 2 and 3, we shall assume that at autarky wages no factor of production
is voluntarily willing to move to another industry. Then as in Kemp and Wan
(1986), we argue that the DN plan will not raise positive revenue in this
setting. Rather, it must be augmented by policies which give factors an
incentive to move: hence, the role for trade adjustment assistance (TAA),
which is introduced in section 4.

We demonstrate that by knowlédge of the distribution of adjustment
costs across individuals (but not the costs faced by any particular person), the
government can offer a single TAA subsidy to all individuals willing to move
between industries, while maintaining a non-negative budget. As clarified in
section 4, moving industries means that the individual forgoes any of the DN
factor subsidies in the new location. We argue that the TAA subsidy, combined
with the Dixit-Norman pattern of commodity taxes, can lead to Pareto gains
from opening trade. It should be noted that this result is not completely
general, but relies on certain assumptions and special features of our model
(such as no tabor-leisure choice and a continuum of individuals). A brief

discussion of TAA in the U.S. and conclusions are given in section 5.

5 Dixit and Norman (1986) discuss how Pareto gains can be achieved using just
commodity taxation, without the poll subsidy. See section 3.

8  Brecher and Choudhri (1990) have explored whether the DN plan can be extended to
cover internationally mobile factors.



2, The Model

There are N final goods indexed by i, produced using M primary inputs
indexed by j. under constant returns to scale.” The production function for each
good is given by fi(xi) where xi is the M-dimensional vector of inputs, and the
unit-cost function is gi(wt) where wi denotes the M-dimensional vector of
wages in that industry; these functions are concave and are treated as twice
continuously differentiable. The presence of adjustment costs (modelled below)
means that the equilibrium wage of each factor will generally differ across

industries. In equilibrium, unit-costs will equal the price p! in each industry:

pl = gi(wl),  i=1,..N. (1)

Given output yi, employment of factors in each industry is:
xi = ytugi(wl), i=1....N, (2)

where Vgi(wi)a(agi/awf.....agi/awA) denotes the vector of partial derivatives.
There are H individuals with utility functions uP(ch), where ch > 0 is an

N-dimensional vector of consumption. Each individual is endowed with 'V?

amount of factor j=1....M. We assume that mobility costs prevent factors

from being costlessly transferred between industries. To model the mobility

costs in a general way, suppose there is a transformation function ﬂ' depending

on the individual supplies of factor j to each industry, vjh = (v;”.....v]hN) > 0.

These inputs are measured in efficiency units. The transformation function is
increasing and convex in it arguments, but is constrained by the individual

endowment of each factor:

7 we follow Dixit and Norman (1980, 1986) in assuming the underlying production
functions are concave with constant returns to scale; decreasing returns can be avoided
by defining artificial factors which earn pure profits.



PN < VI i s M (3)
For example, if factors were perfectly mobile then the transformation

function would simply be the sum of that factor supplied to each industry,

N
he b hi —=h : .
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which cannot exceed its endowment. Alternatively, if a factor varies in its
efficiency across industries, then the transformation function would be a
weighted sum, with the weights indicating the inverse of the skill level in each
industry. This case is illustrated in Figure 1. where vi1 is labor supplied to
industries i=1,2, and the set of feasible supplies satisfying (3) is shown by AB.
The steep slope of this “transformation curve® indicates a relative lack of skill
in industry 2. which limits the individual's effective labor supply. With wages
equal across industries, as illustrated by W";/Wl. this individual would supply
all labor to industry 1, at point A. Grossman (1983) has examined a model in
which capital is partially mobile due to efficiency loss between industries, and
this is consistent with a linear transformation curve like AB with a slope that
varies across each unit of capital.

An alternative shape for the transformation curve is AB', which is
strictly concave. Along AB‘ some wages would lead to factor supply in both
industries, such as at C with w?/wl, > 1, This situation of an individual sup-
plying one factor to multiple industries is less common, but may be appropriate
if we think of labor supply from a household, or individual supplies of capital
and land. Note that a convex shape for the transformation curve would be
consistent with fixed costs of moving between industries, such as time lost in
unemployment, but would complicate the existence of equilibrium in our model

and so is not considered.



Letting p denote the N-dimensional vector of goods prices, w the MxN

dimensional vector of wages across all of the industries, and vhi = (v,hi.....vr,?i)
the individual supplies of the M factors to industry i, each consumer solves:

max

chyhisg UMEM) subject to peh < IM(w). (4)

where factor income is given by:

max . .
Mw) = vhiso i wi'vhl subject to (3), (4")

Note that all vectors are treated as columns unless transposed with a prime.
Because we have not put factor supplies in the utility function (so there is no
labor-leisure choice), to maximize utility in (4) the consumer solves the sub-
problem (4') of allocating factors to maximize total income.

Let ch(p.w) and vhi{w) denote the solutions to (4) and (4‘) for person h,
and let c(p,w)=h ch(p.w) dencte the aggregate consumption vector and vi{w)
=T h vhi{w) the aggregate factor supply vector to each industry. Then making

use of (1) and (2), the autarky equilibrium is defined by the conditions:
vi{w3) = vgi{wiz)cilg(w3).wd], i=1...N, (s)

where we define g{w)=lg'(w"),....gN(wN)], which equals prices p from (1). The
left-side of (S) is the supply of factors to industry i, while the right-side is
the demand. Under free trade, the N-dimensional vector z{(p) of goods are

demanded from abroad, where a negative component of z denotes foreign supply.

In contrast to (S), the free trade equilibrium is defined by the conditions:

vitw®) = vgl{wi) {cilg{w™).w" 1+ zi[g(w™)}, i=1....N, (6)



where now the output of an industry yi=ci(p™.w™)+zi(p") is used to satisfy
both domestic and foreign demand. '

The autarky and free trade equilibria are illustrated in Figure 2, where
ABC is the production possibilities frontier (PPF). Under our assumption that
the individual transformation functions (3) are convex and the industry
production functions are concave, the PPF {s also concave. With prices p2 the
autarky equilibrium is at B, and with prices p" the free trade equilibrium is at
D. It is possible for the PPF to have “kinks” due to the mobility costs, as when
a small change in prices and wages does not induce factors to move between

industries, though we do not assume that this is necessarily the case.®

3. Dixit-Norman Policy

The Dixit-Norman (DN) plan involves a system of commodity (i.e. goods
and factor) taxes and subsidies such that consumers face the autarky prices for
goods and factors, while producers face international prices. By construction,
this plan leaves individuals in the same situation as autarky. Dixit and Norman
(1980) show that the government raises non-negative revenue from the policy.
If revenue is positive, and there exists one good for which some consumers are
net buyers and none are net sellers (this is the Weymark Condition of Dixit and
Norman, 1986), then the tax rate on that good can be adjusted so that some
individuals strictly gain, while none lose and the government budget remains
non-negative. Thus, Pareto gains from trade are achieved.

There are two ways to interpret the DN plan in our model. First, we

could regard the transformation functions (3) as production functions, where

8  When all individuals are at a corner solution in the supply of all factors, such as at
point A in Figure 1, then a small change in product prices and wages would not induce any
movement between industries, so the PPF has a kink.



the outputs are the individual factor supplies vjhi to each industry, i=1,...,N, and
the inputs are the endowments 'v'?. The DN plan specifies that the outputs

should not be directly taxed or subsidized, but that the inputs TP should receive

their autarky returns. However, the returns to the inputs are the shadow
prices of the constraints (3) in problem (4°), i.e. the amount by which factor
income of an individual would rise with higher endowments put to their best
use. We have modelled the transformation functions as specific to individuals,
reflecting loss of skills and other mobility costs. In this setting, we would
not expect the government to know the shadow prices of factor endowments.
For this reasons, it is not feasible to apply the DN plan to the individual
transformation functions (3).8

An alternative interpretation of the DN policy is to apply the factor
taxes or subsides at the industry level, giving consumers the same wages wi2 as
in autarky. To this end, let t=(p2-p) denote the N-dimensional vector of taxes
on goods (negative denotes a subsidy), where p are the international prices. Let
siz (wid- wi) denote the M-dimensional vector of industry-specific subsidies
(negative denotes a tax) on the employment of factors, i=1,...N. By construc-
tion, consumers face autarky prices and therefore make the same consumption

and factor supply choices. The DN equilibrium satisfies the conditions:

vilwa) = vgl(wi){cilpa, wal«zilg(w)ll, i=1....N. (7)

Note that w denotes the factor prices paid by firms, which are endogenously
determined in (7), and that the international prices are p=g(W). Thus, the

consumption taxes and factor subsidies required in equilibrium are t'=(p2-p) and

8 This situation is similar to a firm having specific capital, in which case we would
not expect the government to observe the return to this capital; see Dixit and Norman
(1980, p. 80).



stz (wia-wh), i=1....N. We shall suppose that this equilibrium exists, as has
been analysed by Dixit and Norman (1988).
Letting c®=c[p® wal, vi3=vi(w?) and §=clp?,wal+z[g(W)], Dixit and Norman

show that the government budget is non-negative:

BON - (pa-p)ca - 5 (wia-wiyvia

= ¥ whvia - pice

p(y -yd) > 0. (8)

The second line of (8) follows since the value of autarky consumption pa‘ca
equals factor income ¥j wia'via, The final line follows from c2=y@ in the
autarky equilibrium, and ¥j wi'via = p*§ since payments to factors equal product
revenue under constant returns to scale. ln the last line § and y@ are both
produced with the same inputs vi3, but since { is profit-maximizing for the
prices p we must have p'§ > p'yd. This establishes that (8) is non-negative, and
strictly positive only if § differs from y2.10

Kemp and Wan (1986) have pointed out that BPN =0 occurs when production
occurs at a “kink" in the production possiblities frontier, so that outputs do not
change in response to world prices p. In our model, a related situation arises
when all factors are imperfectly mobile, and are unwilling to move between
industries at autarky wages. Let us define an individual to be imperfectiy

mobile between industries if (4') yields a unique solution for vh at the autarky

10 our results can be compared to a system of tump-sum transfers. Suppose that
consumers and producers face free trade prices, but each individual receives the transfer
5i (pl - playchia o i (wia - wiyvhia | Adding this to factor income in (4) we see

that the autarky consumption and factor supplies are feasibie, so each individual is no
worse than in sutarky. Moreover, summing these lump-sum transfers across individuals
we obtain -BDN < 0, from (8), so the transfers are feasible for the government. The
information required to compute these transfers are the autarky consumption and factor
supply vector for each individual, in addition to the autarky and free trade prices.



wages. This simply means that at constant wages, people are unwilling to
change jobs. This occurs in Figure 1, for example, with the unique factor
supply decision at point A. If the transformation curve were AB’', and autarky
wages led to a factor supply decision at C, then we would still call this
individual imperfectly mobile. The case we are ruling out is when the
transformation curve is linear, such as AB, and had a slope just equal to the
autarky relative wages.!! That would indicate multiple solutions for the
autarky factor supplies, or perfect mobility between industries.

We shall consider the extreme case where all individuals are imperfectly

mobile. Formally, we shall assume:

Assumption 1 vP(w?3) is unique for all h=1.....H.

Under this assumption, the factor supply decisions in the DN equilibrium are
equal to those in autarky, so that outputs are the same, and BPN=0 from (8).

Thus, we have established:

Proposition 1
Under Assumption 1, the DN plan applied to industry prices and wages yields the

autarky equilibrium with zero government revenue.

This result is illustrated in Figure 2, where with the international
prices p the DN equilibrium is at B. The non-tangency between the price line p
and PPF can be understood in two ways. First, with wages facing consumers
fixed at w@, and factor allocations to each industry uniquely determined by

Assumption 1, we can treat each factor as if it were fully sector-specific.

11 The leading example is when a factor can be costlessly transferred between
industries, so that AB has a slope of unity, and wages are equal across the industries.



That is, the PPF reduces to the kinked line A'BC', with the equilibrium at B.
This interpretation may give the mistaken impression, however, that we are
assuming large adjustment costs. In fact, Assumption 1 can hold even when
individuals have only very slight costs of adjustment between industries. The
sector-specific interpretation of our model comes from having the (smail)
adjustment costs combined with wages rigidly fixed at their autarky level.

A second interpretation of the nonténgencg in Figure 2 is obtained by
arguing that the DN commodity taxes and subsidies are, in this case, equivalent
to prohibitive tariffs. To see this, note that with z(p)=0 in (7). the factor
demands Vgi(wi2) and Vgi(w!) are equal in (5) and (7). Since the partial
derivatives vgi(wi) are homogeneous of degree zero, wages wl under the DN plan
are therefore proportional to wi2 12 since the unit-cost functions are homo-
geneous of degree one in (1), we then have wi = (pi/pi2)wia, The employment
subsidy to each factor j is thus §}/W} = (w]:la - W}:)/Wji = (pia - pi)/pi, which
is exactly the ad valorem consumption tax on good i. In other words, the factor
subsidies in each industry are uniform across all inputs, and are therefore
acting as a production subsidy, equal in value to the consumption tax. This
policy is identical to a tariff on every good, which is prohibitive since trade is
zero. This helps to understand there is a non-tangency between international
prices p and the PPF.

The assumption that all individuals are imperfectly mobile is obviously
quite strong, and in reality we would expect that some factors would move
between industries at the autarky wages. In this case Pareto gains can be
achieved in the DN equilibrium. However, since the goal of theorems on Pareto

gains is normally to achieve this result in any well-behaved economy, we find

12 This solution for wi is unique if the matrix of second-derivatives of each unit-cost
function is of rank equal to the number of employed factors less one.



that Assumption 1 is a valid case to consider. It is of interest that this
condition directly violates Assumption 1 of Diewert, Turunen-Red and Woodland
(1989), which states that for fixed quantities of all non-traded goods and
factors, there must be a change in the initial tariffs which will raise the
value of traded goods at (fixed) world prices. In our model, factors are distin-
guished by their industry of location, so the factor supply vector is actually a
MxN-tuple specifying the quantity supplied to each industry. Holding this vector
constant, there is no feasible change in the value of outputs, so their method of
obtaining Pareto gains cannot be applied. In the next section we examine
whether an additional instrument - trade adjustment assistance - can be used

to obtain Pareto gains through encouraging the relocation of factors.

4. Trade Adjustment Assistance

We begin with the DN pattern of consumption taxes t=(p2-p) and factor
subsidies Si=(wi2-Wi), so the economy is initially in the autarky equilibrium
as in Proposition 1. It will be convenient to choose a numeraire to establish
known signs on these tax instruments. Considering first the consumption taxes,
for any initial choice of numeraire let iy denote a good with the minimum value
of ti. Then choosing iy as the numeraire, we divide all domestic autarky prices
by pio? and all international prices by Ple, implying that iy has the price of
unity in both cases and all other goods have pi2 > pi. Thus, relative to this
choice of numeraire all other goods have non-negative consumption taxes.

Turning to the factor subsidies, from our discussion below Proposition 1 the ad

valorem subsidies are EJ-'/W} = (pia - pi)/pl > 0, so that all factors receive
non-negative subsidies. This means that wjla > WJ‘ with equality in the
numeraire industry.

with these instruments in place, we add a relocation subsidy R, which is



provided to individuals who agree to forgo the factor subsidies si in all
industries. However, this relocation subsidy will not be made available to all
workers, since if it were then those in the numeraire industry (with zero wage
subsidies) could simply take it and remain in their industry, implying a direct
budgetary loss for the government. We will restrict the individuals eligible
for the relocation subsidy to a set heQC{1....H}. We can think of these
individuals as employed in industries for which pi@>pi, so that under the DN
plan they are receiving strictly positive wage subsidies.13

Consider offering a TAA subsidy of R to all individuals he Q. Initially -
before any factors have chosen to move between industries - the minimum value
of R at which some individual would be indifferent between taking the TAA

subsidy and not is given by:

Ro = peq 1IN(W2) - INGEIL. (9)

We shall make the following assumption related to this minimum subsidy:

Assumption 2
There is a unique individual hy for which Ry = INo(w?2) - 1ho(W), and:
(a) vho(w) is unique and continuously differentiable in a neighborhood of W;

(b) vho(w?) = vho(Ww).

The assumption that there is a unique individual who is indifferent
between moving and not at the minimum subsidy rate is made for technical
convenience, and does seem to have much economic content. Assumption 2(a)

means that this individual is imperfectly mobile at wages around W, in the

13 The identification of these individuals supposes that the government knows who is
working in which industries. ’
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sense that their factor supply decision is unique: this condition is analogous to
Assumption 1. Assumption 2(b) is particularly important, and states that the
individual's factor supply choices at the wages w2 and W differ. This condition
is more likely to be met if the persons h included in Q are initially employed
in industries which face large reductions in the international prices from pia to
pl, so that the wages Wi are significantly below wi2, In addition, if some
individuals in these industries have adjustment costs which are not too great.
then they would find it optimal to change (at least partially) their industry of
location when faced with the wages W.

A preliminary result which will be useful is:

Lemma 1

Under Assumptions 1 and 2, the minimum subsidy satisfies Ry > O.

Proof:

We have INo(w?) = wa'vho(w2) > wa'vho(W) > W'vho(w) = IPo(w), where the first
inequality holds since vPo(W) is a feasible factor supply choice for individual hg
at the wages w3, but cannot yield income equal to IPo(w3) from Assumptions 1
and 2(b); and the second inequality follows since w2 > W from our choice of

numeraire. QED

Our next task is to specify the egquilibrium conditions for the economy in
the presence of the relocation subsidy. For some values of R there may be many
individuals who wish to accept it and f{orgo receiving the wage subsidies st.
For convenience, we shall restrict our attention to an equilibrium where oniy
person hy chooses to accept the relocation subsidy. Of course, we Will need to
demonstrate that no other individuals want to take the subsidy.

However, even with only this one person changing their factor supply



choices, there will be a discontinuous change in the aggregate factor supply
vector as we adjust R from slightly betow Ry to stightly above. This could tead
to serious difficulties for the existence of equitibrium, which we deal with in
the following way. Let us suppose that there is a unit-mass of each of the
individuals 1,..H. That is, we can think of a continuum of agents on a tine
from O to H, with those located between h-1 and h being of type h. This
specification does not affect the way we have written our eartier equitibrium
conditions. For example, in Assumption 1 vD(w?) refers to the (unique) factor
supply decision of a type-h individual at the wages w2, and with a unit-mass of
these persons their total factor supply is stitl vh{w?).

The advantage of assuming a unit-mass for each type is that now only a
fraction - which we denote by X\ - of the hg-type individuats may choose to
take the TAA subsidy, while the remaining (1-X) choose to not do so. In this

case the factor market equilibrium conditions become:

Avhoi(w) + (1-A)vhei(w?a) + 2 vhi{wa)
hzhp

= vallwi){ciipa,wal+zilg(w)l},  i=1,...N. (10a)

The left-side of (10a) is the aggregate factor supply, with X of the hy-type
persons making their optimal factor supply choices at the equilibrium wages w.
wWhen A=0 then w=W and we are back in the DN equilibrium, but for A>0 wages
w will differ from w due to the movement of factors between industries.

In order for (10) to describe a valid equitibrium, {t must be that hg-type
individuals are indifferent between accepting the TAA subsidy or not, since
otherwise it would not be possible for only a fraction of them to choose it.

Thus, a second condition which must be satisfied in equilibrium is:



R = lho(w?) - hol{w). (10b)

With the TAA subsidy specified as in (10b), the total income INo(w?2) received
by the hg-type individuals who do not accept the TAA subsidy is identicat to
R+ Iho(w) received by the individuals who do take it. Since we are assuming
that these are the only persons willing to accept the subsidy, a final condition

which must be satisfied in equilibrium is that:

R < IN(w?3) - INw), for all hzhy, heQ. (10c)

Conditions (10), with 0<X <1, define a TAA egquilibrium. It is useful to
simplify condition (10a) slightly. Of the M primary factors in the economy,
many industries could use only a subset of them. So suppose that industry i has
Mi<M factors in positive demand at the wages W. We shall suppose that no
input is borderline between being demanded or not, so that g}(wl)>0 in a neigh-
borhood of wi if and only if g}(wi)>o. Then the MxN conditions in (10a) reduce
to K= XMl relevant equilibrium conditions. For A=0 these are simply the DN
equilibrium. In order to establish the existence of equilibria for small values

of X>0, we shall make use of the following regularity conditions:

ssu i 3
(a) V2gi(w!) has rank (Mi-1) in a neighborhood of Wi;

(b) 9z/dp is negative semi-definite with rank (N-1) around 7.

Assumption 3(a) rules out fixed-coefficients in the production functions,
since in that case the corresponding unit-cost function is linear and so V2gi(wi)
would not have its maximum rank (Mi-1) (this matrix cannot have rank Mi since
V2gi(wi)wi=0).. Assumption 3(b) means that income effects on foreign demand

are weaker than substitution effects. We can then establish:



Lemma 2
Under Assumption 1-3, there exist values R>0 and O0<X<1 satisfying the TAA

equilibrium (10).

The proof of this result is in the Appendix, and is an application of the
Impticit Function Theorem. That is, we show that for small values of x>0,
the equilibrium conditions {10a) - combined with a numeraire condition -
determine a continuously differentiable function w(\), where w{0)=W are
wages in the DN equilibrium. Substituting this function into (10b) we obtain
R(X) with R(0)=Ry>0. By choosing A>0 sufficiently small, we obtain R(\)>0
and the strict inequalities in (10c) will continue to hold. Thus, the TAA
equitibrium with R>0 and 0<X <1 {s obtained.

Next, we argue that output evaluated at international prices is higher in
the TAA equilibrium than in autarky, so that the subsidy is causing persons to

change their factor supplies in an efficient manner:

emma_3
Under Assumptions 1 and 2, when X >0 then p'y>p'y2, where p=g(w) and y are
evaluated in the TAA equilibrium.
Proof:
we have: py - py? > Ty plrwritxi)(xi - xia)
= % willvitw) - vi(wa)]
= ¥ wi'lvhoi{w) - vhoi(w?)]

> 0,

where the first line is from concavity of the production functions with ¥fi(xi)

evatuated in the TAA equilibrium; the second line since wages facing firms are



wi=v{i(xi); the third line since vN(w) differs from vh(w?3) only for person hg;
and the last line since vho(w)zvNo(w?) is the unique solution to maximizing

factor income at the wages w, from Assumption 2. QED

It is worth noting that Lemma 3 would not hold if the relocation subsidy
R was made conditional on a person changing their factor supply choice from
autarky. In that case, an individual such as hg could choose vho(w) = vho(wa) in
order to receive R, even though the original supply vho(w2) may still maximize
factor income at the wages w. In other words, the factor supply choice would
be influenced by the criterion imposed to receive R (i.e. changing industries),
and so it need not be the case that w'vho(w) > w'vho(w?a). Then we could not
conclude, as in Lemma 3, that the relocation subsidy is causing persons to
change their factor supplies in an efficient manner. For this reason we have
made the relocation subsidy unconditional on whether an individual changes their
factor supplies or not, but have ensured that this change takes place by
Assumption 2(b).14

We can now investigate the government budget in the TAA equilibrium.
Let c?=clp3,w2] and vi2 =3 vhia =5 vhi(w3) denote the autarky values, with
y=clp?,wal«zlg(w)] and vi = Divhoi(w) « (1-X)vhoi(w?) + Then, vhi(w2)] denoting
values in the TAA equilibrium. With X of the hg-type individuals choosing to
accept the relocation subsidy R, and the remaining (1-X) choosing to retain the
factor subsidies si=wi2-wi and their autarky factor supplies, the government

budget is:

14 we discuss Assumption 2(b) again in section 5. The distinction between conditional
and unconditional subsidies, and their effect on efficiency, is the focus of the paper by
Brander and Spencer (1989).
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n

(p?-p)'c? - Ti(wld - wi)[Tnan, vPi2 « (1-X)vNoi3] - AR

(p2-p)cd - i (wiz'via cwityi) o AR + AT j(wlarvhoia - wiryhol)

= p'y - PR, an

where the second line foilows from the above definition of vi3 and vi; and the
third line since pa'c? = Tjw!a'via in the autarky equitibrium, p'y=Tiwi‘vi in the
TAA equilibrium, and R=1ho(w?) - Iho{w) = Tj (wia-vhoid - wi'yhoi) from (10b).
Thus, using Lemma 3, we see that the government budget is positive in the TAA

equilibrium. We have therefore established:

Proposition 2
Under Assumptions 1-3, there exists a relocation subsidy R>0 such that in
equilibrium all individuals receive the same utility as in autarky, and the

government raises positive revenue.

This result is illustrated in Figure 1. Suppose that in the TAA equili-
brium, wages in industry 1 (w:) are neither taxed nor subsidized, while wages
in industry 2 (wf) are subsidized. Let C be the factor supply choice of an hg-
type individual at the subsidized wages wf/w:>l, while Wf/W}:l are the
wages faced by firms. Since wages in industry 1 are not distorted by taxes, we
shall use them as numeraire and measure income along the v: axis. Then {n the
TAA equilibrium an hg-type individual earns factor income of D. However, at
the undistorted wages Wf/W: =1 the income earned at C would be E, and so the
factor subsidy sfvf given to an hg-type individual is measured by D-E.

If he-type individuals were faced with the undistorted wages Wf/'\&: =1,
then they would choose to supply all labor to industry 1, with factor income

equal to A. They would be just indifferent between this choice and the original

18



location at C provided that the relocation subsidy equalled R=D-A, in which
case even after moving to A they would still receive income of D. Moreover, by
giving the relocation subsidy R=D-A the government saves D-E in direct factor
subsidies, and so the net budgetary gain is A-E>0. Note that this magnitude is
equal to the increase in factor income measured at undistorted wages when
moving from C to A. Thus, the net budgetary gain is precisely reflected in the
production gain experienced by the economy, as we found in (11).

It may be useful to review the informational assumptions needed to
obtain Proposition 2. We have assumed that the government can identify a set
Q of individuals who are potentially available for adjustment assistance, and
that within this set the person who is willing to accept the lowest relocation
subsidy will change their factors supplies in response to unsubsidized wages.
while this assumption is a strong one, we have not assumed that the government
can identify such a person. That is, the relocation subsidy of R is available to
all persons in the set Q, and the individuals of type hy who wish to accept this
subsidy come forward and identify themselves. There is no incentive for any
other agent to claim to be hg-type individual and accept the subsidy, since this
would (only lower their welfare. Thus, the TAA policy we have proposed is
“incentive compatible,” and does not rely on the government having knowledge
of the adjustment costs or other characteristics of agents.

To compute a value of R satisfying Proposition 2, the government would
need to know the distribution of adjustment functions 4)“ across the agents in Q
(so as to compute Rg). and the general equilibrium structure of the economy (so
as to compute how wages and R depend on X). Of course, in practice we do not
imagine that this information is available, but the government could perhaps
determine by trial and error the minimum relocation subsidy Ry which persons

would be willing to accept. Then by using a subsidy slightly higher than this,



it could induce movement of factors out of a protected industry.

while we have argued that the relocation subsidy is positive, we have not
actually established that R>Rg. The reason that this result does not hold in
general is that as hp-type individuals move between industries, the resulting
change in product and factor prices could lower the value of R computed from
(10b). It is possible to establish that R>Rp, however, if we are willing to add

the following conditions:

Assumption 4 if v§‘°i(wa)>o and vDoK(W)> 0 then izk and 3z!/3pk = 0.
Assumption 4 is stronger than Assumption 2(b), and requires that there be no
overlap between the industries i and k which hp-type individuais supply factors
under the wages w2 and w. respectively. In addition, we rule out any interac-
tion in foreign demand between these industries. Under these strong conditions,

we can restate Proposition 2 as:

Proposition 2°
Under Assumptions 1-4, there exists a relocation subsidy R>Rp such that in
equilibrium all individuals receive the same utility as in autarky, and the

government raises positive revenue.

To prove this result, we show in the Appendix that the function R(X)
obtained in a neighborhood of A=0 from from Lemma 2 satisfies R'(0)>0. Thus,
for x>0 sufficiently small we will have R(X\)>Rp.

while Proposition 2 demonstrated that the government budget will
improve through using the relocation subsidy R, it is desirable to pass this gain
onto individuals. In our model this is easily established, since the Weymark

Condition used by Dixit and Norman (1986) is automatically satisfied: all
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individuals 1,...H are demanders of some goods, and none are suppliers. Then
consider a slight reduction in this tax vector satisfying dt<0 and dt'c? <0,
These conditions ensure that taxes are slightly reduced on at least some goods
demanded by domestic consumers, and these consumers would therefore gain.
Let us assume that the aggregate consumption c(p,w?3) is continuously differen-

tiable in prices around p2. Then as argued in the Appendix, we can establish:

Proposition 3
With a small reduction in commodity taxes from the TAA equilibrium satisfying
dt <0 and dt'c?® < 0, some individuals are better off than in autarky, while none

are worse off and the government budget {s positive.

The changes to consumption taxes used in this result leads to the question
of whether Pareto gains can be secured in our model by only adjusting the
consumption taxes, and without relying on TAA. We believe this question can be
answered in the affirmative. In brief, suppose that starting in autarky the
government announced the formation of a “duty free zone,” where consumers
could pay a single fee S in order to purchase goods at international prices. The
resale of these goods to others would need to be prohibited. Then analogous to
(9). we could calculate the maximum value of S at which an individual would be

just indifferent between purchasing their goods duty free or not:

max ~
So = pee (EN(PAUNZ) - EN(pUNR)Y,

where © is a set of persons eligible for the duty free zone, and EN(p,uh2)
denotes the expenditure needed by individual h to obtain the autarky utility uh2
at prices p? (autarky) or p (international).

Let hy now denote the individual (assumed to be unique) for whom
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Sg = Eho(pa,uhed) - Eho(p,UNe3),  So long as the autarky consumption che? is not
the optimal choice for person hy to obtain utility UNe2 at the prices p, then
ENo{pa,Uhed) - ENo(p,UNa3) > (p2 - p)'chod, where the right-side of this expression
is recognized as the consumption taxes obtained from person hg in the DN
equilibrium. Thus, by charging Sy as the fee for the duty free zone, person hg
is willing to purchase all goods there and the government's budget will then
improve. The intuition of this results is that by charging a flat fee rather
than distorting taxes, the government can collect more revenue while keeping
the individual's utility constant. This result has been established more
formally in a simple, pure exchange economy by Feenstra and Lewis (1991), who
allow more than one type of agent to use the duty free zone.

Thus, even when adjustment costs lead the DN equilibrium to coincide
with autarky. the government could generate gains from trade by the use of
consumption taxes. The scheme we have outlined requires, however, that
persons buying at the duty free rates be prohibited from reselling these goods
to others, and such a requirement may be very difficult to enforce. Further-
more, in order to enjoy any production gains the government will have to
introduce policies to encourage the reallocation of factors, such as the TAA
program we have analysed. In the next section we compare the assumptions of

our theoretical model with the actual experience of TAA in the U.S.

5. Discussion and Conclusions

The Trade Adjustment Assistance program in the U.S. began in 1962 and
has evolved erratically over the following decades. Initially, this program was
designed to compensate workers for tariff cuts under the Kennedy Round of
multilateral negotiations, and facilitate their adjustment out of import

competing industries. Stiff eligibility criterion limited its use in early years.



The program was expanded in the Trade Act of 1974 and expenditures rose,
reaching a record high of $2.2 billion in 1980 with a large part of these funds
going to unemployed auto workers.!S  Under the 1981 Amendments to the 1974
Trade Act the program was cut back, with greater emphasis given to job search
and relocation allowances, such as we have modelled. More recently, the Trade
Act of 1888 has made job training a condition for receiving weekly cash
benefits, and allows for a $0.8 billion annual expenditure for training financed
by an import fee.!®

The large payments to unemployed auto workers around 1960 led to
dissatisfaction with the program, since many of these people went back to work
in that industry when domestic demand recovered: thus, the TAA benefits were
seen as simply an income transfer, without encouraging the reallocation of
workers in an efficient direction.!7 This issue arises in our model through the
key Assumption 2(b): that the person willing to accept the minimum subsidy
will choose to move some factors into other industries. This assumption was
essential in showing that the value of output (at world prices) rose due to the
reallocation of factors, so that the government budget was positive.

Whether or not this assumption is satisfied in practise depends on
features of the industry and workers involved. Bednarzik and Orr (1984)
emphasize that TAA has worked best - in the sense of encouraging movement of
workers to other industries - in industries facing large potential reductions in
international prices. To make the analogy with our model, we can think of the

subsidized wages as those occurring under some (temporary) import protection,

15 Much of the information in this paragraph is drawn from Bednarzik and Orr (1984).
16 summary of the Conference Agreement on H.R. 3, "The Omnibus Trade and
Competitiveness Act of 1988, April 19, 1988, Government Printing Office.

17 Evidence on the extent to which workers return to their original industries is
presented by Richardson (1982).
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and the unsubsidized wages in this industry as those occurring under free trade.
If these unsubsidized wages are low, and some individuals have skills trans-
ferable to other industries. this would be a setting where our Assumption 2(b)
is satisfied (at the unsubsidized wages some people will move). However, when
this condition does not hold so that individuals return to their former jobs
after receiving TAA compensation, then we should not expect the theoretical
result of Pareto gains to hold. Thus, there is a close connection between the
conditions needed to obtain Pareto gains in our model, and the criterion by
which TAA has been judged in practice.

The most recent revisions to the TAA program, whereby job training is a
condition for receiving weekly cash benefits, can be interpreted as an attempt
to self-select individuals into those which have low adjustment costs - and
therefore are willing to take advantage of the job training - and those which do
not. Incentive mechanisms of this type are recognized as having desirable
properties, as compared with simple cash payments, in settings where the
government has incomplete information about the agents involved (see Blackorby
and Donaldson, 1988). In our model we have assumed that the government knows
the distribution of adjustment costs across individuals, but cannot identify
which person has the least difficulty in moving between industries. While the
TAA subsidy we have proposed is “incentive compatible” in the sense that no
person will want to misrepresent their adjustment costs, it is perhaps the
simplest example of such a truth-revealing policy. More sophisticated policies
- such as using job training as a condition of obtaining benefits - can lead the
government to learn more about the adjustment costs faced by each individual,

and this information could be used to develop other Pareto improving poticies.
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Appendix
roof of Lemma

We have chosen good iy as the numeraire, so that 1=glo(Wle), with W denoting
wages in the DN equilbrium. Let us renumber iy as good N, where W:N denotes
the wage of the last input in industry N. We shall now change the numeraire
and specify that this wage remains constant at wrrN EW:N. Using *™ to omit

the last element of a vector, we let w denote the vector w with the last
element omitted, and wN denote wN with the last element omitted. Since the K
conditions (10a) are not independent (by Walras Law), we omit the last equation

and obtain:

VPO (W, W S )« (1-0)vhoi(w?) « 3 vhi(w2)- Dgilwilyl = 0, i=1..N-1. (A1)
h=hg

XTNONCE, & M) + (1-0) ThoN(wa) o 3 9nN(wa)- gNCaN. W duN = 0, (A2)
h=zhg
where outputs are yi=cilpa,walezi[gM(w),,...gN-1(wN-1),gN(&N W :N)], and ¥ in
(A2) denotes the vector of partial derivatives with respect to wN. By the
Implicit Function Theorem, these conditions determine a continuously differen-
tiable function W(\) in a neighborhood of X=0 if the corresponding Jacobian

matrix is non-singular. The Jacobian can be written as A+«B+C, where:

_ VZglg'I o] . o]
N 0 vigy? - - 0
A= [AT o], B =
0 . -0 ﬁZgNgN

where ¥ in A denotes the vector of partial derivatives with respect to W, and

vho is the (K-1)-dimensional vector vho with the last element omitted: and,



az! 1 1 az' 1 AN
- B—p‘VQ vy ' ' FVg Vg
C=
azN azN -
E;VgNVg" . . a—nggNVgN‘

We shall argue that A+B+C is positive definite, which establishes that the
Jacobian has full rank.

Factor income in (4') is the maximum of a linear function over a convex
set, and so it is a convex function of wages. In addition, ViNo(w)=vho(w). It
follows that v2I1ho(w)= vvho(w) is positive semi-definite, and then this
property also holds for the matrix A obtained by omitting the last row and
column of V2lhe(w). Similarly, B is positive semi-definite from concavity of
the unit-cost functions.

Letting e denote a (K-1) dimensional column vector, partition e into
(e'.e2?,....8N) where el is of dimension Mi, iz1,...N-1, and &N {s of dimension

MN-1. Then:

N-TN-T o N-1

) ) - ozt Ve - N o
eCe = -3 —f(el'vgi)(vgiel) - 23 ﬁ(e“Vg‘)(VgN‘eN) - ﬁ(eN'VgN)z.

apl

{=1 j=1 i=1

which is non-negative from Assumption 3(a). We conclude that C is positive
semi-definite, so this property also holds for the Jacobian, and we need to
check that it is positive definite.

Suppose to the contrary that e'(A+B+C)e=0, ez0, which implies that
e'Ae-e'Beze'Ce=0. From Assumption 3(b) we know that e'Be=0 implies that
el=0 or el=wl for i=1....,N-1, and also that eN=0 since ¥2gN has full rank.
Since e=z0 there must be some goods izN for which el=w!, and let us number

these goods as i=1,...L with L<N. Then evaluating e'Ce we obtain:
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e'Ce = —i% z: a—pj(w‘ vgiy(vgi'wi) = z] 21 S—

which is positive from Assumption 3(a). This contradicts our hypothesis that
e'(A+B+C)e=0 with ex0, and so we conctude that the Jacobian is positive
definite. Thus, there exists a continuously differentiable function w(\) in a
neighborhood of A=0. Substituting this function into (10b) we obtain R(\)
with R(0)=Rg>0. By choosing X >0 sufficiently smatl, we obtain R(\)>0 and
the strict inequatities in (10c) will continue to hold. Therefore, the TAA

equilibrium with R>0 and 0<X <1 is obtained. QED

Proof of Proposition 2°

Continuing from the proof of Lemma 2, use the Implicit Function Theorem

to evaluate dW/dX\ at A=0 as:

IW

ax

= =(B+ )" [TNO(W. W) - Who(w2)l,
A=0

since A=0 at Az0. Then using (10b) we obtain,

3R

ax | F Tolw) B eC)t [Who(w, W) - Tho(wa)), (A3)
=0

since ﬁIhOI(W.W:Nh Vho(W.Vv:N). Let S2 denote the set of industries to which
ho-type individuals supply some factor in autarky, and S the set of industries
to which hg supplies some factor at the DN wages W. Then with S8n§= @ and

dzi/3pk = 0 for ieS2 and keS§, the matrix C is block-diagonal between the
factors supplied to industries S2 and §. Since the cotumn vectors VhD(W.W:N)

and Vhro(wa) do not have any row which is positive in both vectors, we can

rewrite (A3) as,
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= Tho(W)' (B + €)1 Vho(Ww
TN = vho{w) (B +C)~1 Vio{w),

A=0

which is strictly positive since B+C is positive definite as argued in Lemma 2.

it follows that R(A\)>0 for x>0 sufficiently small. QED

Proof of Proposition 3

The equilibrium conditions are specified as (A1) and (A2). and choose a
small value of A;>0 such that the equilibrium exists with wages wiEw(X).
Corrésponding to this equilibrium is a vector of consumption taxes given by
t;=p3-g(w;). Then keeping X fixed at X, and using the methods in Lemma 2,
we solve (A1) and (A2) far a continuously differentiable function w(t) in a
neighborhood of t;. Then w{t;)=w; by construction, and at this equilibrium the
government budget is positive while {10b) and (10c) hold. Now consider a small
reduction in the consumption taxes satisfying dt <0 and dt'cd<0. This will lead
to a change in wages of (dw/dt)dt, so the new value of the relocation subsidy
is calculated from (10b). By choosing dt sufficiently small, the inequalities in
(10c) will continue to hold, and the government budget will remain positive.
since dt'cd<0, consumption taxes have been reduced for some gaods consumed in
positive amounts by domestic individuals, and so these individuals experience an

increase in welfare. QED
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