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RESUMO

Este artigo andlisa se politicas comerciais podem explicar diferengas na produtividade total
dos fatores (PTF). E construido um modelo dindmico com dois setores e com comércio
internacional onde a adocdo de novas tecnologias é decidida por uma coalizdo de trabalha-

dores. Os resultados mais importantes séo os seguintes: (i ) com livre comércio ou tarifa
a melhor tecnologia é sempre usada e a PTF estd sempre no mdximo nivel. Com quota, isto
ndo ocorre e a PTF estd geralmente abaixo de seu ponto mdximo; (i ) ainda controlando

para diferengas de habilidade do trabalho (nivel de capital humano), trabalhadores na
economia com quota tém produtividade menor do que na economia com livre comércio ou
tarifa.
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ABSTRACT

This paper examines if trade policy can account for the difference in total factor
productivity (TFP) across countries. A two-sector dynamic international-trade model is
developed where technological progress is neutral and a coalition of workers can stop the

adoption of new technologies. The key findings are the following: (i ) With free trade, or
tariff, the best technology is always used and TFP is always at its highest value. Under a
quota, this is not always the case and TFP is generally below its highest value; (ii ) even

controlling for difference of skilled labor (or human capital), workers from the quota
economy have smaller productivity than workers from the free trade economy.
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218 Effects of Trade Policy on Total Factor Productivity

INTRODUCTION

It has been well documented that the technological level (TFP - total factor
productivity) differs over time and across countries at the industry level or
at the national level.! In this paper we develop a dynamic international
trade model to try to account for this persistent difference in TEP. We assu-
me that the knowledge that is being used by the workers of the most
productive countries are available to be used by the workers of any country,

in particular by the workers of the less productive countries.?

We combine two factors to explain the TFP difference across countries:
institutional arrangements and trade policies.®* On the one hand, the
institutional arrangement allows a group to stop the use of new
technologies. On the other hand, the trade policy determine if it is optimum

tor this group to stop or not the adoption of new technologies.

We construct a two sector growth model with international trade. In both
sectors there is exogenous technological progress. In every period a new
and more productive technology is available. Also in both sectors the firms
behave competitively. But the technology used in these sectors differs. One
sector uses skilled and unskilled labor. The productivity of skilled workers
is higher, since we assume that only them have the skills to use the newest
technology available. In this sector unskilled workers just can use
technologies that have been used and abandoned before. Therefore, we
assume that only the skilled workers have the power, as group, to decide if
the new technology will be used or not. The other sector uses unskilled
labor. We assume that every worker can supply unskilled labor and, as a
consequence, that workers of this sector cannot block the adoption of new

technologies.

1 See PRESCOTT (1998), HARRIGAN (1996;1997) and DOLLAR & WOLF (1993).
2 BAILY & GERSBACH (1995) and BAILY (1993) did not find evidences to justify differences
in productivity by differential access to proprietary technology.

3 BAILY & GERSBACH (1995)] and BAILY (1993) show evidences that domestic competition
is not enough to make domestic firmas achieve the highest productivity. LUZIO (1996) shows
the consequences of protection from internatiomal competition over the development of the
computer industry in Brazil.
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Given this environment we study the eftects of three different trade policy:
tree trade, tariff and quota. The results are the following: (i) the TFP of

the sector intensive in skilled labor is higher under free trade and tariff than
under quota; (ii ) even controlling for difference of skilled labor (or human

capital), workers from the quota economy have smaller productivity than
workers from the free trade economy. The intuition for this results is the
tollowing. Under free trade and tariff the domestic prices are determined
in the international market. Besides, domestic firms are in direct competition
with productivity leaders. Skilled workers do not stop the adoption of
technology, since given the price for the good that they produce, if they use
the most productive technology they maximize their income (and their
utility). On the other hand, under quota, prices are determined internally.
Stopping the adoption of new technologies increases the relative price of
the good that skilled workers produce, increasing their income (and their
utility). Since under the quota arrangement the best technology generally
is not used, the TFP of the quota economy is smaller. Besides, since the
best technology generally is not used the skilled workers are not as

productive as the skilled workers of the free trade economy.

This paper follows the approach of Parente and Prescott (1994; 1999)
Holmes and Schmitz (1995) and Prescott (1998). The key ideas of these
papers are the following. First, difterences in TFP across countries are the
main cause of the differences in their income per capita. Second, differences
in TFP are related to interest groups that have the power to stop the
adoption of new technologies. Particularly, in a two period model Holmes
and Schmitz (1995) study the effects of international trade in the adoption
of new technologies under two situations: free trade and no trade (or import
quota equal to zero). We generalize the above models in three aspects. First,
different of Holmes and Schmitz we have a infinite horizon model. Second,
we introduce international trade under more general cases: free trade, and
different levels of tarifts and quotas. These generalizations allow us to com-
pare the effects across time of these different trade policies. For example, in
our model we can see that the equilibrium outcome of a quota is very
different than the equilibrium outcome a taritf with respect the adoption

of new technologies. In the first case, resistance to new technologies will
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220 Effects of Trade Policy on Total Factor Productivity

occur. In the second there will be no resistance. In this respect, our model
show that these different policies have very different outcomes. Last but
not least, our generalizations allow us to compute TFP time series under

these difterent trade arrangements and compare them with the data.

This paper is divided into five sections (including this introduction). In
Section 1, we develop a model that studies the adoption of technology.
First we study an economy under free trade, that is, there are no barriers to
trade with other countries. Then, we study the same economy with tariffs.
Finally, we study this economy with quota. Section 2 we make a comparison
between the equilibrium results of the free trade economy, the tarift
economy and the quota economy. Section 3 offers some quantitative results
trom computer simulations of the models developed in section 1. Last
Section concludes.

1. THE ECONOMY

There are two types of agents, i = 1,2 and the measures of the type | are
A >0. Atype (i) agentis endowed with one unit of time of labor of type

(i ). We assume that the labor of type 1 is unskilled and the labor of type 2

is skilled. At each date, there are two goods Y and z.

There is no borrowing and lending and no capital accuamulation. The only
dynamics of the model is the equilibrium selection of policies (that is, the
selection of technologies that will be used). As we will see, to solve the
dynamic policy selection problem, it is necessary to determine the

competitive outcome within the period given the selected technology.

The period commodity space is L =R’ with a point in L being
X= (y, zl y,| Zl,|22). Y and z are the total amount of each of these goods,
|y is the amount of labor used to produce good Y and |Zi the total amount
of labor of type i used to produce good z. We have different types of
labor depending upon the type that supplies the labor and the industry that
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uses the labor. The reason why we have these differences will become clear

when we specify the technology sets and the policy arrangement.

The consumption set of a type 1 is
X, ={x0OL,:1# 1= 11,= ¢ (1)
The consumption set of type 2 is

X, ={x0L, :1j+ I+ 1< 11,= ¢ )

|y is the amount of labor supplied by a worker to industry Y and |, is the

amount of labor supplied to industry z by a worker of type i = 1,2. We
should notice that there is no difference between type 1 and type 2 in the y

industry. The reason is that we are assuming that this industry just uses
unskilled labor and any worker can supply it. Clearly, in equilibrium is not

optimum for a type 2 to supply unskilled labor for the z industry.

I Prefevences

The period utility function for both types is

(yz=)

3
5 3)

u(y,z)=

where y,z>0 and p <1. Besides, we are assuming that preferences are

time separable. In a dynamic environment preferences are represented by

ZB‘ e (4)
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! Technologies

There are three technologies. The first technology produces good Y. Its

production set is

Xs(t):{xDL+:ys ml, = (} (5)
where 1T >1. An implication of Equation ( 5 ) is that there is an exogenous
technological progress in the Y production sector.

The second technology produces good z.Its production set is
X,(ab)={xOL,:= v+ VI, ¥ ¢ (6)

where y >1. Elements a <b are integers that index the z-production in a

period. These elements are determined by past policy selections. We are

assuming that Y > 7T. We should notice that in the Z industry workers are

different. A Type 2 worker, the skilled type, is more productive and a type
1, the unskilled type.

The third is a foreign trade technology that transtorms one good into the

other at a rate p,, in period ¢. Its technology set is

Xs(t)={xOL:y p,z 0l,.1.1,> ¢ 7)

The implications of this technology assumption are that there are no

borrowing or lending and no transportation cost.

The rate at which z can be transformed into Y with international trade is

. Ond
Pz = ng;% (8)
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We are treating the rest of the world as a competitive environment. That is,
all agents are price takers. Therefore, the relative price of good z (in units
of good Y) is equal to the ratio of the marginal cost of z and Y. Since we

have technological progress the path of this ratio is given by the ratio of
the technological progress (7'[ over y) in both sectors. The constant n
represents the constant part of the ratio of the marginal costs in sectors Z
and Y.

The reason why ownership of technologies is not considered is that all
technologies displays constant return to scale. Therefore, profits in

equilibrium must be zero.

! Policy Arrangement

The integers a and &, where 2<& index the technology set X 4(a, b) , which
produces good z. These integers 2 and & at date ¢ belong to the set

{o,...t—1,t}.

During the period ¢, type 2 decides what technology to use next period;
that is, type 2 chooses b’ D{b,...,t,t+]} . If b’ >Db, that is a better

technology is selected, then @ =b. If, however, b’ =b, then & =a. Thus,

it the type 2 choose a better technology the type 1 gain access to the
technology that the type 2 were using. If the type 2 choose to continue

using the b technology, type 1 does not get access to the b technology.*
! Definition

We will say that the group of type 2 is blocking the adoption of new

technologies or there is blocking of technologies if b <t.

4 In period zero, since no technology has being abandoned, we are assuming that type 1 can work
in the production of good Z with technology - 1
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1.1 Period Competitive Equilibrium

To facilitate the understanding of the definition of equilibrium, we can
divide it in two parts. One part is static and competitive. We will call it
period competitive equilibrium. In this part, agents take the prices as given
to maximize their objective functions. The other part is dynamic. The period
competitive equilibrium can be determined as a function of the state
variables s = (a, b,t), since there is no borrowing or lending and no capital

accumulation.?

A period competitive equilibrium is a price system p = (py, Py Wy, Wy, W22)>
~ I ~AK

allocations {x}i:l , imports and exports {y (S), 5 (S} such that, given (1, p;),
the external prices of the goods Y and z

(i) Fori=1,2, % maximizes u(y, z)
st. X OX,

y+tp,zs Wylyi +W,l,

(i) For j=3,4,5
X! Dargmax{pyy+ P,Z =W, =Wyl —W,,l,, 1 x' O Xj}

(iii) Market Clearing
ARXR + AR = +%+%°
1.2 Dynamic Equilibrium

Now, let us study the dynamic part of our equilibrium. Type 2 collectively

chooses whether to shift to a better technology or not.°

5 In the subsequent definition of equilibrium the S argument is implicit for all the equilibrium
elements.

6 We are rulling out the possibility of a free rider. That is, the coalition (the labor union) has the
power to decide and to impose the technology that will be used by all firms. Individuals cannot
deviate and adopt new technologies. If groups could deviate, and agents are not patient, we
would be back in a equilibrium the best technology would always be used. Clearly, as a repeated
game, a second equilibrium could exist. Using the Folk Theorem, we can always create an
equilibrium where groups always cooperate (use the technology defined by the labor union)
since in the long run they are better off. Basically we are using a shortcut and we are rulling out
the first equilibrium. This shortcut simplifies the algebraic manipulations.
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The dynamic programming of this group can be written as

() =mex{U () + pu(s)
St. bsb' <t+1
b, if b > b
T Haif b =b (©)

s =(a,b,t+1)

I

a

where U (s) OR is the period equilibrium utility of a type 2.7

! Dynamic Recursive Equilibrium

A dynamic recursive equilibrium is a set of price functions

p= {py (S), p, (S), W, (S), Wzl(s), W, (S} , a value function v (S) , allocations
functions for consumers {yl(s), Y, (s), zl(s), zz(s} , {l yl(S),lzl(s),ly2 (S),l22 (S} ,
allocations functions for firms {Iy(s),ll(s),lz(s} , a transition dynamics

tunction g(s) and imports and exports {y* (s), z (s} , such that: consumers

maximize utility, firms maximize profits, markets clear. In addition, function

V(S) satisfies (9).

1.3 The Economy With Free Trade

In this section we will study the equilibrium path for this economy. We are

assuming the Home Country, is a small open economy?® and there is no

7 For the case of the parametric class of economies considered here the period equilibrium exists, is
unique and U (S) is a function.

8 In the sense that it takes the international prices as given.
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transportation cost or any other cost to trade with the rest of the world.
The state variable S determines the available technologies. Consequently
the endogenous variables are function of S. In the following exposition
this function dependency is implicit, unless it can create some

misunderstanding.

To study the equilibrium path of this economy we have to find the optimum
decision rule for the type 2 group, that is, we need to specify s = g(s) :
Given g(S) the other choice variables can be determined. The specification
of g(s) is introduced in Proposition 1. The rest of the proof of the existence

of Dynamic Recursive Equilibrium is presented in Proposition 2.

Before we go any further we should explain one point. Since both types of
workers can work in both sectors, in equilibrium we could have difterent
distribution of workers across sectors. In what follows, we will look for an
equilibrium path where there is a complete specialization of workers. That
is, workers of type 1 work in the production of good Y and workers of
type 2 work in the production of good z. This approach facilitates our
proofs but our results do not depend on this specialization. We will prove
the existence and uniqueness of an equilibrium for this case, since we will
tocus our analysis in this segregated equilibrium (the same proof can be

extended to the other cases).’

The next proposition shows that under free trade, workers of type 2 will
not block the adoption of new technologies. The intuition for this result is
the following. First, the higher is the income of a type 2 agent, the higher
is his consumption and his utility. The income of a type 2 is equal to the
marginal productivity of labor of type 2 times the price. With free trade,
the internal price is exogenous since it is given by the price in the rest of the
world. Therefore, the higher is the marginal productivity of labor of type 2

the higher is his income. Given the production function, the group of type

2 has to pick the highest possible value for b, thatis b=t .

9 Assumption 1< n <y guarantees that workers of type 1 work in the Y sector and workers of
type 2 work in the Z sector since W,, > W, > W,; .
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Proposition 1: If there is firee trade, that is the agents have access to the Xs(t)
technology and 1< n<y, then the best strategy for workers of type 2 is not
blocking the adoption of the new technology. That is, b =1, for all t.

Next proposition will conclude the proof of the existence of a dynamic
recursive equilibrium under free trade. The intuition is straightforward once

we understand Proposition 1. That is, since there is no blocking there is

technological progress and growth. We define E = B(yl"" n )p .

Proposition 2: If 1< n<y, E O (0,1) and there is fiee trade, then there is a

unique dynamic recursive equilibrium wherve all of type 2 work in the z industry

(that is,| , =0,1,, = A,) and

*

Yo _ Ve _ Y _

= === 10
Yoo Yea Yia (10)
Z _ 2z, _Z% _
=== 11
Z, Z. Z, (1)

By a balance growth path we mean an equilibrium where all variables are

growing at a constant growth rate. From Proposition 2, more specifically,
trom Equations (10) - (11) we see that in equilibrium the free trade economy

is in a balance growth path.

2.4 The Economy With a Tariff

In this subsection we will introduce a tariff on the imports of good z.
Then we will analyze what happens in this economy with respect to adoption

of technology.

Proposition 3 specifies sufficient conditions for the country to be an

importer of good z absent tariffs. We are interested in this case because if
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z were not imported when the tarift was zero, nothing would change if a
tariff is imposed on the imports of z. Let

AZ and A’ El_—a
AtA, l-a+na

A=

Proposition 3: If 1< n<y, there is no borrowing or lending and there is no

barriers to trade amonyg countries then:

( [ ) If A > A", the Home Country will export good z;
( ii ) If A <A’ itwill import good z;
( i ) If A =A', there is no trade.

The intuition of the proposition above is as follows. Given the relative
prices and the preferences, the larger is A, the larger is the production of

good z. Therefore, it A is very high the Home Country would export

good z. On the other hand, given A, if a is small, that is, if A is big,
then the proportion of the income spend on consumption of good z is big

and the Home Country will be an importer of good z.

It should be noted that the results given by Proposition 3 is in agreement
with the Heckscher-Ohlin Theorem. That is, if A is high, the country tends

to be an exporter of good z.

Now, suppose that the government imposes a tarift 7 on imports of good
z . In this case, without any transportation cost or any cost to trade between

countries, we have

P, =(1+7) Py (12)

where p; is the external price of good z.
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With the introduction of a tarift the definition of a equilibrium will change.

But, I will not repeat the definition here, since we just need to introduce a

sequence {T} .., of tariffs and the fact that p, is given by Equation (12).

Moreover, I am assuming that the government throws away the income
that it collects from the tax over the imports. Therefore, the market clearing

conditions will not change.

Given the linearity of the production functions used here, the introduction
of a tarift can have big effects in the internal production of goods Yy and
z. The following proposition show these changes.

Proposition 4: If (i )1<n<y; (ii )A <A';(iii ) transportation costs ave
zero; and ( \Y ) the government introduces a tariff in the imports of good z
then in equilibrium

(i ) If y< (l+ T) n then, there is no production of good Y. In this

case, the growth rate of the production of good z in period T is

z _ A
PRRAPY (13)
-1 2

andfort>T,z/z_ =y

( [ ) If y< (1+ T) N, there is no reallocation of workers between sec-

tors. The growth path of the variables of this economy is still given
by Equations (10) — (11).

In any case given by Proposition, after the introduction of a tarift we still
have some effects over the relative wages. This is shown in the corollary

below.'?

10 While producing good z, workers of type 2 will gain with the increase in the relative price of Z.
But, simultaneously, they will loose as consumers of good Z . The larger is o , that is, the larger
is the proportion of the income that a labor of type 2 expends with good Y, the smaller is his loss
as a consumer. In the same way, the smaller is 0, that is, the larger is the inter temporal elasticity
of substitution, the larger is the workers of type 2 are better or worse with the introduction of a
tariff.
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Corollary 1: Take all the assumptions of Proposition 4. If there is an intvoduction

of a taviffin the imports of yood Y , then therve is an increase in the velative waye

of the workers of type 2 with vespect to the workers of type 1.

With the wedge that the tariff creates between the internal and the external
prices, there is room for the group of the workers of type 2 to block the
adoption of new technologies. But, as we will see below, the introduction
of a tariff is not sufficient to make the workers of type 2 to block the
adoption of the new technology in the sector that produces good z. The
intuition is the same given for Proposition 1. That is, since the internal
price is defined by Equation (12), any resistance to new technologies will
just reduce the marginal productivity of labor of type 2, reducing the income

of workers of type 2.

The above ideas are the intuition behind the next proposition. Remember

that we define E = ﬁ(yl‘“n" )ﬂ .

Proposition 5: If (i M<n<y;(ii )B80O(0,1)(iii A <A;(iv) trans-
portation costs are zero; and (V ) the government introduces a tariff in

the imports of good z, then there is a dynamic recursive equilibrium where

workers of type 2 do not block the adoption of new technologies.

Proposition 5 shows that as long as the internal price of good z is linked
with the external price as in Equation (12), then it is never an optimal
choice for workers of type 2 to block the new technology. In this case, the
block of new technologies will just have the effect of reducing the marginal
productivity and the income of a type 2 worker. The important conclusion
here is that in our model, for any level of tarift, the connection between

internal and external prices is not broken.!!

11 Section 2 discuss this point in more details.
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One way to break the linkage between the external and the internal price is
through the introduction of non-tariff barriers such as quotas. Therefore,
in the next section we will try to see how the introduction of a quota in the

international trade can interfere in the technology adoption.

2.5 The Economy With a Quota

Suppose now that the government in the Home Country introduces a quo-
ta Q, in the imports of good z."?1 will assume that only the government

has the right to import and export. The income that the government collects,
given by the difference between internal and external prices, is thrown

away.?

The introduction of a quota changes our previous framework. First, since
we do not have borrowing or lending, from the equilibrium condition of

the Balance of Payment we get

P A
t Hp;t zt

Second, we should define Q,, . To be effective, that is, to reduce the imports

of good z, Q, has to be smaller than the amount that would be imported
if we had a free trade. From Equations (10) — (11), in a balance growth
path, Zt / z, is constant. Defining Z[ lz = N, we will define a quota as a

proportion of the domestic production, that is

12 Clearly, this discussion makes sense only if the Home Country is an importer of good Z . Therefore,
in this section we are assuming that the Home Country is an importer of good z . Following the

notation developed in the section before, we are assuming that A <A’

13 As in the section above, this change the definition of equilibrium. We just need to introduce a
change in to trade technology. Therefore, we will not redo the definition.
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Q =/, (15)
where A O ( O,/\* )

Finally, since a quota breaks the link between the internal an the external
price, we need to determine the internal price of good z (price of good Y
is taken as numeraire). The production of z will increase in the Home
Country with the introduction of a quota. This increment is made through

switching labor of type 1 from the Y sector to the Z sector. But, in
equilibrium it can not exist any wage differential between type 1 in the Y

and in the z sector. That is, in equilibrium we would have
W, =W, (16)
From Equation (16 ) and the firm’s problem

n.t

pZt = ya (17)

Given the above changes, now I will show that with the introduction of a
quota, the workers of type 2 will be better off if they block the adoption of

the new technologies. In the next proposition, d =b—a is the difference
of age between the technology used by workers of type 2 and the technology

used by workers of type 1 working in the production of good z. In
equilibrium this difference will be constant.

Once a quota is introduced the linkage between internal and external prices
are broken. But, we still have a maximum number of periods that workers
of type 2 could block the new technology. First, because the opportunity
cost of not using the newest technologies available increases as the sector
z falls behind the frontier. Second, because we are assuming that the
coalition of type 2 has to treat each type 2 equally and therefore it will keep

every type 2 working in the Z sector.'*Therefore, if Z is very far from the

14 See DEBREU & SCARF (1963).
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trontier p, is too high and the quantity demanded of good z is smaller

than the amount produced by the type 2 workers. The upper limit generated
by the last assumption is given by the equilibrium in the domestic market

of good z. Using the market clearing condition for good z and Equation

(15) we get an upper bound for d .

d< |Og§\1(1_a)§_|ogg’\2(a +AE =d
B logy

(18)

It is straightforward from Equation (18) how a and A affect d. But,
Equation (18) also shows two other important relations. First is the relation
between the size of the group that can block (}\2) and the size of the rest of
the country (}\l) in the decision whether to resist or not to new technologies.
As we will see in Proposition 6, a group finds better to resist new
technologies the bigger is d . In Equation (18), given A, , the bigger is A,
the bigger is d . In this case, it is better for type 2 to resist new technologies.
The intuitive reason for this result is as follows. It is good for type 2 to
block the adoption of new technologies because the blocking increases the
price of good z, transferring income from the rest of society (}\l) to type
2 group (/\2). If the rest of society (/\1) is small this transfer is very small.
In this case it is not optimum blocking since the increment of P, harms

any type 2 as a consumer.

The second relation showed by Equation (18) is between the rate at which
the technology is advancing (}\) and the decision to resist new technologies.

As we can see in Equation (18), if the technology is advancing very fast it
is not optimal for the type 2 group to resist (since d is very small). The
intuition is that the bigger is ()\), the bigger is the opportunity cost to

resist to new technologies.

Before I state the next proposition I want to remind a definition stated

previously: B = ﬁ(yl“’r[" )p
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Proposition 6: If ﬁ/ ul (O, l),)\< A", and that the govermment introduces a

quota in the imports of yood z then for d, a and ﬁ sufficient lavye the workers
of type 2 will block the adoption of the new technology for any value of P .

We could state the maximization problem of type 2 group using a Bellman

equation. In this case we would have (define ¢ =1)

(1-a)(d-t)+a+ad
)= !
H p

ﬁ.qsdsa

+B,,(9)

(19)

MO

Clearly, type 2 group would block if a, E and d are large enough.

We should stress some points. First, once a quota is introduced the country
will have less trade. That is, the ratio of export plus imports over GDP
reduces. Second, Equation (18) shows that big groups of small countries,
independent of the institutional arrangements of these countries, have less
incentive to block the adoption of new technologies. On the other hand,
small groups of large countries will demand much more protection from
the external competitors.

2. COMPARISONS OF FREE TRADE, TARIFF AND QUOTA

Generally there is an equivalence between tariff and quota. That is, for a
given tariff, there is a quota that generates the same amount imported and
the same internal price. Besides, equivalent to a quota equal to zero, there
1s a minimum level of a tarift above which there is no international trade

and the internal price is set independent of the external price.'®

15 See WOODLAND (1982, pages 330-40) for a discussion about the equivalence between tariffs
and quotas.
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Let us check if there is a tariff that generates the same price level of the
quota economy (and therefore the same consumption of both goods). That

is, is there a T such that

t
T
F - (1+T)n% ? To answer this question, just rearrange the above

expression to get

In the above expression T is a function of time, since t —a is not constant.
Under the economy with quota a is constant for many periods and t is
varying. Therefore, for the case studied here where T is constant, there is no

equivalence between the economy with quota and the economy with tariff.

Finally, a quota equal to zero shuts down the international trade in the
Quota economy. As we saw, there is no tarift (finite number) that can shut
down international trade in the economy with tarift. As tariff increases the
economy moves from importer of good z to exporter of good Z and
trade still happens.

In our model, there is no equivalence between tariffs and quotas with respect
to the adoption of new technologies. As we saw in Proposition 4 with
tariff there is a linkage between internal and external prices. For 7 = 0 the

Home Country imports good z. Once we start raising T the domestic

price of Z also starts increasing (pZ = (1+ T)p;), reducing domestic

consumption of Z. We can keep raising T , reducing consumption of Z,
until domestic production and domestic consumption of good Z are equal
(that is, there is no trade). After this point new increments in T will have
no effect on the domestic price of z. To see this notice that if the domestic
price of Zwould increase above the value for which domestic supply equal

domestic consumption the Home Country would become an exporter of

good Z. But, in this case P, < (1+ T) P, , that is, the domestic price is higher
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than the international price. Therefore all producers would try to sell in the
domestic market, reducing the domestic price until supply is equal demand.
In any case, since for any value of T the coalition of workers cannot affect
domestic prices, the best strategy for any level of tariffs is to use the best

technology available.

On the other hand, after the introduction of a quota the internal and the
external prices of good z differ since the quota breaks the connection
between them. The reason for this change in prices is the following. To

move workers of type 1 from the Y sector to Z sector the wage paid to a

type 1 must be equal among these sectors. Since a quota has to reallocate
the workers the internal price of Zis set in a way to guarantee this
equalization. In this case, workers of type 1 are indifferent between where
to work. Since they are indifferent, in equilibrium they are allocated across

sectors to satisfy the demand for both goods.

3 COMPUTER SIMULATION

In this section we will analyze the results from the computer simulation of

the model under the free trade policy and under the quota policy.'¢

Before we start the analysis, we want to explain some points. First, we are
not doing a calibration exercise. Instead, we just want to show the potential
of the model to explain persistent quantitative differences in TEP. The values
of the parameters were chosen to satisfy the assumptions of the propositions
proved before. To have a more rigorous analysis we would need data that

unfortunately are not available.!” Second, we just carry sensitive analysis

16 Since the conclusions of the tarift arrangement is the same as the free trade arrangement I will not
repeat then here.

17 For example, to my knowledge, there is no data available to calibrate O , the proportion of the
income that gents spend on goods produced by unskilled workers. One alternative would be to
calibrate @ for the share of the national income spend on domestic produced goods. For the
Brazilian economy CUNHA & TEIXEIRA (2002) use a value of 92%. Therefore we are not
overestimating the value of 0 according to this interpretation. As Equation 18 and Proposition
6 show the bogger is @ the bigger is the effect of the introduction of a quota, our simulations
are not overestimating the potential of our approach to generate difference of TFP.
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tor changes in A because the results are not very sensitive for changes in

the other parameters.

Third, the TFP for the z sector of our model economy is computed in the

tfollowing way. It is a weight average of y* and yb. That is,

TFP = &% +(1-&)° (01)
where & = IIZlI . The TFD, as computed above, is the product per worker
71 + z2

in the z sector. We can see this looking at the production set of good z.

Third, after each variable we introduce a letter f or ( indicating that the
value of the variable is from the free trade economy or the quota economy,
respectively. For example, TFP f (t) is the value of the TFP of the z sector

in the free trade economy in period t.

Using the above notation and the parameter values shown in Table 1, we

get the following results:

1) The TEP of the Z sector is smaller in the quota economy than in the

tree trade economy. This difference increases with the level of protec-

tion. The smaller is A (more protection) the bigger is the difference

in TFP between the quota and the free trade economy (see Table 2).

2) Even controlling for difference in the skill levels, workers in the quota
economy are less productive than workers in the free trade economy
(see Table 3).

Results (1)—(2) are in agreement with Baily (1993) and Baily and Gersbach
(1995). That is, the more opened is the economy, the more productive are
the workers. Besides, as (2) indicates, even controlling for different levels

of skills (or human capital), workers of closed economies are less productive.
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The intuition behind these results is the following. With free trade, the
price is determined in the international market. Domestic producers are in
competition with foreigner producers that are using the best technology
available. In this case skilled labors do not stop the adoption of new
technologies, since given the prices, producing with the most productive

technology available maximizes their income and their utility.

With quota, the domestic price is set independent of the international price.
Skilled workers can increase the relative price of the good that they produce,
stopping the use of new technologies. In this way, they increase their income
and their utility.

CONCLUSIONS

In this paper we try to explain why the TFP differs over time and across
countries. To answer this question we used institutional arrangements and
international trade.

The institutional arrangement would allow groups to stop the adoption of
new technologies. The trade policy would make it optimum or not to
exercise this power. International trade (free trade) would generate
competition among firms independently of the country where they are

producing.

In our model economy, the TFP of free trade economies would be higher
than TFP of closed economies. The reason is that firms operating under
tree trade policy would always use the most productive technology available.
Under free trade the workers would not stop the adoption of new

technologies. The same is also true for economies with tariff.

The reason, as explained above, is that under both arrangements the internal
price is given and it is determined by the external price. In this case, the
best for all the workers is to produce with the most productive technology

available, maximizing their income and their utility.
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On the other hand, under the quota arrangement the skilled workers can
increase the relative price of the good that they produce if they stop the
adoption of new technologies. In this case, firms will be using old and less
productive technologies. Therefore, under the quota arrangement the TFP
of the protected sector is always smaller than the TFP of this sector under

the free trade (and tarift) arrangement.

Finally, even controlling for difference in the skill level of workers the
productivity is smaller under the quota agreement than under the free trade
agreement. That is, the skilled workers are less productive under the quota
agreement than under the free trade agreement. The reason is the use of
old technology by the skilled workers when new and more productive
technologies were already available. This result is in line with the well
documented difference in productivity across countries, even when we

control for differences in human capital.

Finally for future research we should add capital in the model. Clearly, this
would add another constraint for the coalition of workers. With capital,
resistance to new technologies would reduce marginal productivity of ca-
pital, reducing investment and the capital labor ratio. Therefore, we should
expect that with capital, the resistance should reduce (the distance from the

frontier d, should be smaller for the same levels of trade barriers).
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TABLE 1 - PARAMETERS

Parameters Values

0.7
0.5
0.96
0.05
1.02
1.015
1.01
98

2

A< 00O Q

> > 5
=

N

Est. econ., Sao Panlo, 33(2): 217-247, abr-jun 2003



Arilton Teixeira

241

TABLE 2 - TFPF / TFPQ FOR DIFFERENT LEVELS OF PROTECTION

A Average TFPf/ TFPq
0.5 36.9
1 21.8
15 14.8
2 11
25 8.4
3 6.8

TABLE 3 - DIFFERENCE OF PRODUCTIVITY FOR TYPE 2 FOR
DIFFERENT LEVELS OF PROTECTION

N Average Difference in Productivity for Type 2
0.5 4.4
1 35
15 2.9
2 2.6
25 2.3
3 2.1
APPENDIX

Proof of Proposition 1: We are assuming that the Home Country is a

small open economy. In this case, the Home Country and the rest of the

world will have the same prices (the star indicates the value of a variable in

the rest of the world)

P, = P, =1

P2 = Pz

(20)

(21)
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Since 1<n <y it follows that W, <W, <,, and |, =0 and |,, =A,.
Therefore, the income of any labor of type 2 is pz( ))\b_ Since p, (S) = p;

is exogenously given, the best that workers of type 2 can do is to increase

their productivity choosing the most efficient technology, making ph =t .

Proof of Proposition 2: With the notation previously defined, the standard
techniques to prove existence and uniqueness of equilibrium do not work,
since we do not have bounded functions. Therefore, we will redefine the
variables making possible to use the bounded return techniques. This proof
will follow these steps. First, we will show that the consumers and firms
demand functions calculated for the period economy satisfy the market
clearing conditions (since they clearly solve the firms and consumers
problem of maximization). Then I will show that there exists a unique
value function that solves the group 2 dynamic problem, given those
tunctions of the period equilibrium (as before, the functional dependency
of sis implicit).

Define
>7t=2:iand2=;i (22)
Vi = Iﬁ and 7 = )Z/‘t (23)
andfori=12
Vi i/[I and 7, = ;‘ (24)

By assumption, 1< <y . But,if ) <y, then W, < W, and the type 1 work
in the production of good Y. On the other hand, if 1) =1then W,, 2 W,
and the type 2 just work in the production of good Z. This shows that

|, =0and |, =A,.
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From the technologies defined for production of goods Yand Zand

Equations (22) — (24), since 1SN <y.
y,=A and Z = A, (25)
Now, let us show that the market clearing condition is satisfied. It is easy to

see that the labor markets are in equilibrium. We need to verify for other

goods. For good Y we get

AVt ALY, = Alﬁt + y* (26)

Dividing Equation (26) by 71T, using the definitions given by Equations

(24) — (25) and the consumer maximization problem, we get
y = _(1_ a)/\l +anA 2yb_t (27)
Repeating the some steps for good z we get

nz' =@-a)\ +anAy " (28)
Adding up Equations (27) — (28), we get from the technological set Xs(t)
V1 =0~y +piZ =0 29)

Equations (27) — (29) conclude the proof that markets clear.

From Equations (25), (27) — (29) and the demand functions of the

consumers we get the growth rates given by Equations (10) — (11).

Now, we just need to show that there exists a value function solving the

type 2 problem. From the consumer utility function (see (4)) and Equations

(24) for j = 2, we get
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ZB y2tzit )D ZB (ygt’zzlta)p (30)

where 'E O (0,1) by assumption.

From the period equilibrium we get the demand functions for consumer of
type 2 Y, and . Z, Substituting these period demand functions into

Equation (30) we get

> VZZ =5 B %g (31)

where W = [a"(l—a)l_”]p/ P

Define b=t-b,4=t-a and { =0. The consumers of type 2 problem

can be written as

:max%-l)%g+ Av(3
b i b

Where b' [0 X ={b—t,___,t+1—t} ={— 6,___,]}. But from Proposition (1),

(32)

w2
S—
M

X :{oyj},since b=t.

To prove existence and uniqueness we will work with the convex hull of
X , that we call X = [0,1] . Clearly, X is convex. Now, define [ : X - X
by r(b) = X. Thus, r() is nonempty, compact-value and continuous.
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Define, A={5,5)0x xxM 0[5} and EA -, R where F(5,6)= w%g F(,) is
continuous and bounded. Therefore, X, [" and F satisfy the assumptions of

Theorem 4.6 of Stokey and Lucas (1989). It Follows that there exists a

unique value function V(S) that solves the type 2 problem.

It just remains to be shows that this solution satisfies our original problem,
since we use X = [0,1] , instead of X = {0,]} . But, this comes
straightforward, since by Proposition 1, b =t and F(X) = {C} .

Proof of Proposition 3: From the equilibrium condition in the market of

good Y, no trade requires

AYy + Ay = nlAl

The demand for type 1, that is, Y, , is a7 and the demand Y,, is ap,y' .

Substitution above yields
(1-A)art' +Aap,y' =t (1-A)
Further transformation with the use of Equation (8)

_ l-a _ X
1-a+an (33)
I now show that for a smaller ) the country imports good Z. If we reduce

A we see that the left hand side of the first bigger then the right hand side.

This happens because the reduction of A decreases the proportion of the
workers that consume good Y with respect to the workers that produce it.
Everything else constant this makes the production of Y bigger than the
domestic consumption. By the equilibrium in the trade balance this country

imports good z. The some applies to the case where ) increases.
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Proof of Proposition 4: We will give the following steps in this proof.
First, we will show that it is not a optimum strategy for the type 2 to block
the adoption of new technologies. Then, given that there is no block, we

will show that there exist an equilibrium.

Suppose the government introduces a tarift 7 in the imports of good z in
period T . To see if the workers of type 2 are better off if they block the

new technology we just need to compare the utility from period T on.

Call U} the utility of a representative a gent with labor of type 2 from

period T on, when there is no block of the upcoming technology. In the

same way, UZ2

is the utility of workers of type 2, for the same period, if
they block the new technology. Now, since ﬁ(yl""n")ﬂ <1 y: > 0 it follows

that both U,ﬁ and U are finite.

.
The price of good zis given by (1+ T)nn—T . If the workers of type 2 block
y

or not the adoption of new technology, the falling in the relative price of
good zis not affected. On the other hand, the productivity of workers of
type 2 will be smaller if they block the new technology. Therefore, the
income of workers of type 2 will be smaller in each period if they block the
new technology. Since the marginal utility is positive, it is easy to see that
workers of type 2 will be better off it they do not block the adoption of the

new technology, that is, U,i —Ué < 0. This concludes the proof that is it

not an optimum strategy to block the adoption of new technologies. Given
that there is not block, the proof of the existence of an equilibrium follows
the same steps given in the proof of Proposition 2 (therefore, I will not
repeat it here). To understand that, notice that we just multiplied the external

price by a constant and repeat the same steps.

Proof of Proposition 5: Given the assumptions (i) (iii) from Proposition

3 the Home Country is an importer of good z. From Proposition 5 we
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know that there is an equilibrium for each case where there is no block.

Now, suppose that the government introduces a tariff 7 in the imports of

good z. If (l+ T)] >y, then

1< @+1h
y

and after some manipulations,

EbTﬂ _
m<(1+1 !
( )’751;%)’(

Since W, =7'and W, = (1—T)7% y' it follows that W, >W,.

Therefore, |, = A, and y = 0. Clearly, the reallocation of workers toward
the Z sector from period T on explain the growth rate of the Zsector.

Following the same steps we can show that if (1+ T)] <y, then
W, =W, and |,, =0. That is, in this case the tariff does not effect the
allocation of workers across sectors.

Proof of Proposition 6: By hypothesis, the Home Country is an importer

of good Y and at period T the government introduces a quota. To see if
the workers of type 2 are better off if they block the new technology we

just need.
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