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ABSTRACT: This paper examines the effects of trade policies on the adoption of 
new technologies. A two-sector model with international-trade is developed where 
technological progress is neutral. A group of interest (suppliers of skilled labor), 
acting in coalition, decide which technology will be available for firms. The key 
findings are the following. ( )i  With free trade, or a tariff, the best technology is 
always used; ( )ii Under a quota, generally the best technology is not used. In other 
words, with respect to adoption of new technologies we have equivalence between 
free trade and tariffs. A quota generates resistance to new technologies while with 
free trade or tariffs this resistance is eliminated.   
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1. INTRODUCTION
 

here is evidence that total factor productivity (TFPhenceforth) differs across 
countries.1 It has been argued that part of this difference is due to the resistance to the 
adoption of new technologies. That is, interest groups (coalitions) in the domestic 
economy would stop the adoption of new technologies. Empirical evidence of this 

resistance has been documented by Mokyr [11,12,13] and Olson [15]. 
In this paper we study how trade policy (free trade, tariffs and quotas) affects 

resistance to new technologies. We construct a two sector model with exogenous 
technological progress and international trade. The economy is small compared to the 
international market (that is, the domestic economy takes the international prices as given). 
One sector uses only unskilled labor. The other sector uses unskilled and skilled labor. The 
skilled workers are the only ones able to use new technologies in this sector. Since they are 
the only ones able to use the new technologies, we assume that the skilled workers as a 
coalition decide which technology the firms will be allowed to use. The main results are the 
following: ( )i  Under free trade or tariffs there is no blocking of new technologies; ( )ii  under 
quota there will be resistance to the adoption of new technologies.  

This paper follows the research line of Holmes and Schmitz [9] and Parente and 
Prescott [16,17]. In these papers, groups or coalitions can affect the relative prices through 
resistance to new technologies, thereby transferring income from the rest of the society to the 
coalition members. In Parente and Prescott [16,17], in a closed economy, the labor unions 
have the power (they called it monopoly rights) to decide which technology will be used. In 
Holmes and Schmitz [9] workers have the power to resist to new technologies. The key result 
is that they do not exercise their power if the economy operats in a free trade environment. In 
contrast, in a closed economy (quota equal to zero), the coalition exercise its power and it 
blocks new technologies.  

Our paper is closely related to Bhagwati [3,4] and Holmes and Schmitz [9]. We 
extended Holmes and Schmitz [9] since we analyze not only free trade and a closed economy 
(zero quota), but also the effects of different sizes of quotas and different sizes of tariffs. We 
conclude that with respect to technology adoption tariffs and quotas are not equivalent.  

Bhagwati [3,4] has pointed out that there is an equivalence between tariffs and quotas 
as long as we have perfect competition among producers (domestic and foreign) and among 
those with the right to import. That is, for each price and volume of imports generated by a 
tariff there exists a quota that generates the same price and volume of imports. Our results 
indicated that with respect to adoption of new technologies the equivalence is between free 
trade and tariffs since both eliminate resistance.2  

One result relating trade policy and resistance to new technologies is in line with the 
empirical evidence relating trade liberalization and increment in total factor productivity. By 
trade liberalization we mean the elimination of non tariff barriers (quotas) as well as reduction 
of the variance of the tariffs across sectors (as well as reduction of the size of tariffs). 
According to our model, if the introduction of a quota generates resistance to use new and 
more productive technologies the elimination of a quota should come with a short run increase 
in the productivity because new technologies were not in use because resistance are now 
adopted. Ferreira and Rossi [6] and Muendler [14] studying Brazil, Pavcnik [18] and Tybout, 

1See Dollar and Wolf [5], Harrigan [7,8] and Prescott [19]. 
2We should stress that Bhagwati [3,4] also pointed out that once perfect competition is eliminated in one of this 
markets this equivalence no longer exists. This result does not apply to our case since since we keep the 
assumption of perfect competitive in all of these markets. 
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Mello and Corbo [20] studying Chile and Kim [10] sudying Korea found a strong correlation 
between short run growth in productivity and trade liberalization. Even though they generally 
do not differentiate impacts of quota and tariffs, Muendler [14] tested the difference for the 
Brazilian case. More specifically, he estimates the effects of a reduciotn of 1% on the level of 
protection (a reduction of 1% in the tariff level or an increment of 1% in the market share of 
imports). Using Brazilian data from 1986-1998 he estimated the effects of a quota on the TFP  
as being ten times bigger than the effect of a tariff.3  

Finally we can say that our economy with free trade or tariff is equivalent to Parente 
and Prescott [16,17]economy without monopoly rights. In their model, if no group has the 
power to block new technologies (as they say, there are no monopoly rights), the firms will 
always use the most productive technology. In our case the economy with free trade or tariff 
has similar results toward adoption of new technologies. Competition with foreign firms is a 
sufficient condition to stop interest groups exercising their monopoly rights. This result goes 
in the same direction as the evidences found by Baily [1] and Baily and Gersbach [2].  

This paper is divided in four sections including this introduction. In the second section 
we develop the model. The third section analyzes the three trade policies. The fourth section 
compare the results and concludes.  

2. THE MODEL ECONOMY

There are two periods indexed by {1 2}t ∈ ,  and there is no uncertainty. There are five 

goods in each period: the consumption goods ty  and tz , time allocated to the production of 

ty , ytl , and two types of time itl , {1 2}i ∈ , , allocated to the production of tz . The period 

commodity space is 5
tX ≡ �  and a point in tX  is 1 2( )t t t yt t tx y z l l l= , , , , . By assumption we 

have a small and open economy in the sense that it takes the world market prices of the goods 
y  and z  as given. Labor is assumed to be immobile across countries. Good ty  is the 

numeraire and its price is set equal to one. The other prices are 1 2{ }yt zt zt yt t tp p p w w w∗, , , , , , 

where variables without and with a superscript ∗  are home market prices and world market 
prices, respectively.  

There is a finite measure of agents. All agents have the same preferences over 1 2X X×

represented by
2 1 1

1
( )t

t tt
y zα α ρβ ρ− −

=
/∑ , where (0 1)β ∈ ,  is the discount factor and 1ρ>  is the

parameter that defines the coefficient of relative risk aversion. The agents differ with respect 
to the endowment of labor. There are two types: a measure 0iλ > , {1 2}i ∈ ,  of type-i  agents 

endowed with one unit of type i  time per period.4 There is no capital and also no borrowing 
or lending. Therefore, consumers’ and firms’ problems are static (we will omit the time 
arguments from now on as long as this omission does not cause confusion). In order to 
describe the consumers’ problems, we define the period consumption sets of type {1 2}i ∈ , :  

{ 1 0 for }i y i jX x X l l l j i+≡ ∈ : + ≤ , = ≠ . (1) 

3See Muendler [14, page 32]. 
4The specification of the two technologies below will imply that one can think of type-1 agents (type- 2 agents) 
as being unskilled (skilled). 
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We can see in (1) that there is no difference between the time that either type allocates 
to the production of good y . We justified this later on when we specify the technologies. The 
period problem of an agent of type i  is  

max ( ) s t
i

z y y i i
x X

u x y p z w l w l
∈

. . + ≤ + .  (2) 

That is, a type i  chooses from his period consumption set the quantities of the two 
consumption goods and the time allocated to the two sectors so as to maximize his period 
utility, respecting his period budget constraint.  

Now let’s specify the production side of the economy. We have three sectors. Firms in 
each sector operate a constant-returns-to-scale technology. Since there is perfect competition 
firms make zero profits. The technology of each sector depends on the state variables 
represented by ( )s a b t= , ,  where a  and b  are integers with a b t< ≤ . In other words, the 

state space is 2{( ) {1 2} }S a b t Z a b t≡ , , ∈ × , : < ≤ . We specify below how a  and b  are 
determined.  

The first sector produces the good y . Given the state variables in period t  ( )s a b t= , , , 
the production set of a representative firm is   

3( ) { 0}t
yX s x X y l zπ+= ∈ : ≤ , = ,  (3c) 

where (1 )π ∈ ,∞ , implying that in sector 1 there is exogenous technological progress. As 
stated before, there is no difference in productivity between type 1 and type 2 time when they 
work in the first sector. This justifies the previous assumption that the time of either type is 
the same good when it is allocated to the first sector. The second sector produces the good z . 
Given ( )s a b t= , ,  in period t , the production set of the representative firm is  

4 1 2( ) { 0}a bX s x X z l l yγ γ+= ∈ : ≤ + , = ,  (3b) 

where ( )γ π∈ ,∞  and a  and b  are non-negative integers. Since a b<  the time of type 2  (the 
skilled type) is more productive in sector 2  than time of type 1 (the unskilled type). The third 
sector is the international trade sector. We model the international trade as a production 
function by which each of the two consumption goods can be transformed into the other one. 
Given ( )s a b t= , ,  in period t , the production set of a representative firm is  

5 1 2( ) { 0 0}z yX s x X y p z l l l∗= ∈ : + = , , , ≥ .  (3c) 

Equation (3c) implicit shows that there are neither transportation cost nor borrowing or 
lending.  

Given the above structure of our economy the firm’s problem in each sector is static. 
Their choices in period 1 have no effects on the problems in period 2 . Specifically, in each 
period, given the realization of s, the representative firm of sector j , {1 2 3}j ∈ , , , maximize 
profits:  

2
1 1 2 2

( )
max

j
y z y y

x X s
p y p z w l w l w l

+∈
+ − − − . (4) 

Finally, we turn to the law of motion of the state variables. We assume that the type-2  
agents acting as a group (coalition) have the power to choose b .5 Specifically, given 

( 1)s a b t= , , −  at the beginning of period t  type 2 agents choose b′ , the technology that firms 

5We address the question if it is optimal for a skilled agent to stay in the coalition later on. 
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will be allowed to use in period t . The set of choices is { }b b t′∈ ,..., . Given the choice of b′ , 
a′  is determined as follows: if b b′> , then a b′ = ; if b b′= , then a a′= . In words, if the type-
2  agents choose a better technology for the period t , then type-1 agents gain access to the 
technology that the type-2  agents were previously using. If the type-2  agents choose to 
continue with the technology they were previously using, then the type-1 agents too will 
continue with the technology they were previously using. Note that at the beginning of period 
1, there is no old technology. We set the initial values ( 1 0 0)s = − , , .  

The coalition’s problems of choosing the optimal technology in the two periods are 
described next. Given that the state at the beginning of period 1 is ( 1 0 0)s = − , , , the 
coalition’s problem is:  

{0 1}

0 if 1
max ( ) ( ) s t ( 1)

1 if 0b

b
u s v s a s a b

b
β

′∈ ,

′= ′ ′ ′ ′ ′+ . . = , = , , , ′− = 
(5a) 

where u(s ′) and v(s′) denote the period utility and the continuation utility of an agent of type 2 
for state s ′, respectively.6 Given a realization of the state s = (a,b, 1) S at the beginning of 
period 2, the coalition’s problem is:  

max b′ { b,..,2}u(s′) s.t. a′ = , s′ = (a′,b′, 2). 
(5b) 

We are now able to define an equilibrium for our economy. This equilibrium is 
divided in two parts: a static and a dynamic part. We call the former the period competitive 
equilibrium and the latter the recursive equilibrium. The reason or this distinction is the 
following. Since there is neither borrowing or lending nor capital accumulation, the choices of 
firms and the choices of the consumers in period 1 have no effect on the problem in period 2. 
That is, the coices of the consumers are static given the choice of technology.  

Definition 1 (Period Competitive Equilibrium)  Given a realization of s S, a period 
competitive equilibrium is a set of prices (s) = {  y(s),  z(s),ŵy(s),ŵ1(s),ŵ2(s)}, allocations 
{  i (s)}i=1 

5 , and imports7 {ŷ * (s), ẑ * (s)} such that:  

(i) i(s), i {1, 2} , solves the period problem of the representative agent of type i;

(ii) j(s), j {1, 2, 3}, solves the period problem of the representative firm of type j;

(iii)  markets clear, that is, λ1 1(s) + λ2 2(s) = 3(s) + 4(s) + 5(s).

Definition 2 (Recursive Equilibrium) A recursive equilibrium is a set of price functions , 
allocation functions { i} i=1

5, import functions {ŷ*,ẑ*}, and technology choice functions {bt } t=1
2 

such that:  

(i) ∀  s S (s), { i(s)}i=1
5, {ŷ*(s),ẑ*(s)} is a period competitive equilibrium;

(ii) b1 (-1, 0, 0) solves (5a) and b2(s) solves (5b) ∀ s = (a,b, 1)  S.

For future use we define what we mean by blocking the use of efficient technologies.

6 As will become clear in the proof of Proposition 1 below, u(s′) and v(s′) are unique for the present model. 
7 Note that negative imports are exports, so we can talk about the imports of both goods. 



Technology adoption: on the non equivalence of tariffs and quotas 200

Definition 3 [Blocking of Technologies] We say that there is blocking of new technologies if 
and only if there is a period t, t {1, 2} , in which b < t.  

3. TRADE POLICY AND TECHNOLOGY ADOPTION

3.1 Free Trade 

We start studying the free trade economy. Since we are assuming a small open 
economy the relative prices of the two consumption goods in the home market are determined 
by their values in the world market, exogenously given to our economy:     py = py

* = 1 and pz 
= pz

*. We choose the following specification:8  

* , (1, ).
t

zt t
p

πη η γ
γ

= ∈  (6) 

We first characterize the period-equilibrium for a given realization of the state s S 
and then the recursive equilibrium. The derivation of the period equilibrium involves four 
steps. First, from the consumer problems we get the demand functions of goods y and z. Given 
the consumer’s utility function it is straightforward to show that they spend the shares α and 1 
- α of their incomes on a period consuming goods y and z. Second, from the firm’s problem,
(3), we get the wages that are equal to the marginal products. Third, using the results obtained
in step one and two we find two cases: if b = t, then the type-1 agents (type-2 agents) work
only in sector 1 (sector 2); if b < t, then both types work only in sector 1.9 Fourth, to find the
imports and exports we just substitute the consumer demands and the home production of the
two goods. The results are summarized by the following lemma. The proof and the detailed
characterization of the different equilibria can be found in the appendix.

Lemma 1(Period-Equilibrium with Free Trade) Suppose that there is free trade, that pz 
* is 

given by (6), and that s S is the given state. Then, there are two cases.  

(i) If s = (a,t,t) S, then there is a unique period equilibrium. In this equilibrium type-1
agents work in sector 1 and type-2 agents work in sector 2.

(ii) If s = (a,b,t) S with b < t, then there is a unique period equilibrium. In this
equilibrium both types work in sector 1.

Below we will analyze tariffs and quotas on z, so we are interested in knowing under 
which conditions z is imported under free trade. The next lemma makes these conditions 
explicit. Its proof follows directly from the expressions for the imports of z under free trade, 
which can be found in the proof of Lemma 1 in the appendix.  

8 This specification implies that under free trade type-1 agents and type-2 agents work in sector 1 and in sector 2, 
respectivelly (Lemma 1 below shows the details). Although starting with this case makes the algebraic 
manipulations easier, the results do not change if we abandoned this specification. 
9 In particular, pzt

* > πt
γ

b-t turns out to be the condition for the equilibrium to be such that the type-2 agents work 
only in sector 2. Given pzt

* = ηπt
γ

-t, this condition is equivalent to b = t and η > 1; see Lemma 1. Moreover, pzt
* < 

π
t
γ

a-t turns out to the condition for the equilibrium to be such that the type-1 agents work only in the sector 1. 
Given pzt

* = ηπt
γ

-t, this condition is equivalent to a < t and η < γ; see Lemma 1. So the assumption that η (1,γ) is 
crucial. 
BBR, Braz. Bus. Rev. (Eng. ed., Online),
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Lemma 2(Period-Equilibria With Positive Imports of z) Suppose that there is free trade, 
that pz 

* is given by (6), and that s S is the given state. Then z is imported in the unique 
period equilibrium if and only if either b < t or b = t and  

2 1(1 ).λ αη λ α< − (7) 

The interpretation of this result is as follows. If b < t, then z is not produced at all and 
so must be imported. If b = t, then the unskilled agents produce y and the skilled agents 
produce z. Given this, z is the more likely to be imported the smaller is the mass of the skilled 
agents relative to that of the unskilled agents, the larger is z’s expenditure share 1 - α relative 
to that of y, and the smaller is z’s relative price in terms of y (i.e. the smaller is η).  

The next step is to determine the optimal choice of the technology under free trade for 
the skilled workers. To understand this decision we should notice that in the free trade 
enviroment the small open economy takes the relative prices as given by the world market, so 
the coalition’s problem of choosing the technology is equivalent to choosing the technology 
that maximizes a type 2 period income. But a type 2 has income equal to pz times the marginal 
product of type 2’s time used to produce z. Given the relative prices a type 2’s income is 
maximized by maximizing the marginal product of type-2 labor. That is, choosing the best 
technology is strictly preferred. Therefore new technologies are never blocked and 
technological progress and growth in sector 2 are as large as possible. This result is state in the 
next proposition. The formal proof can be found in the appendix.  

Proposition 1 (Recursive Equilibrium with Free Trade) Suppose that there is 
free trade and that pz

* is given by (6). Then there is a unique recursive equilibrium. This 
equilibrium has the following properties: (a) Type-1 agents work in sector 1 and type-2 
agents work in sector 2. (b) The most productive technology is used in both periods. 

3.2 Tariffs 

In this section we study the consequences of a tariff τ > 0 on the imports of good z. 
The presence of a tariff introduces a wedge between the domestic relative price of zt and the 
world market price. Using (6) the relative price of z in the home market is given by:10  

*(1 ) (1 ) , (1, ).
t

zt zt t
p p

πτ τ η η γ
γ

= + = + ∈  (8) 

It is natural to consider only parameter values for which the home country imported z 
under free trade, so we assume that either b < t or b = t and (7) holds.  

The introduction of a taiff makes it necessary to change the definition of equilibrium. 
First, after the introduction of a tariff pz is now given by (8). Second, the resulting revenue 
from the tariff needs to be taken care off. We assume that there is a government that collects it 
and throws it into the ocean. With this assumption the introduction of a tariff does not have 
any other effect on the definition equilibrium. This simplifies the proofs although it is not 
crucial for our results.  

To characterize the equilibrium we will follow the same steps given in the free trade 
case. As in the free trade we start with the period equilibrium. We should stress a change that 

10 We only consider constant tariffs, so a BGP exist.
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can happened once we introduce a tariff. For sufficiently high tariff values the relative price of 
z can become so high that additional agents start working in sector 2 and the economy 
switches to exporting good z. We exclude this case because it contradicts our assumption that 
z is imported. Moreover, it is a trivial result the skilled will no longer have incentives to block 
new technologies when the good that they produced is exported and so they stand in direct 
competition with the other producers. We summarize in the next lemma the results for the 
period equilibrium when z is imported (the proof and the details of the equilibria can be seen 
in the appendix).  

Lemma 3(Period-Equilibrium with Tariff)  Suppose that there is a constant tariff on the 
imports of z, that pz

* is given by (6), that (7) holds, and that s S is the given state. Then there 
are five cases.  

(i) If the tariff satisfies

1,
t bγτ
η

−

< − (9) 

then there is a unique period equilibrium where z is imported and both types work in 
the sector 1.  

(ii) If the tariff satisfies

1,
t bγτ
η

−

= −  (10) 

then there is a continuum of period equilibria where z is imported and type 1 works in 
sector 1. The allocation of working time of type 2 is indeterminate.11  

(iii)  If the tariff satisfies

1

2

(1 )
1 min 1, 1 ,

t bt b t a λ α γγ γτ
η η λ αη

−− − −− < < − − 
 

(11) 

then there is a unique period equilibrium where z is imported, type 1 works in sector 1 
and type 2 works in sector 2.  

(iv) If the tariff satisfies

1

2

(1 )
1 1,

t bt a λ α γγτ
η λ αη

−− −= − < −  (12) 

then there is a continuum of period equilibria where z is imported and type 2 works in 
sector 2. The allocation of working time of type 1 is indeterminate.  

(v) If the tariff satisfies

11 That is type 2’s working time allocation can take on a continuum of values. 
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1

2

(1 )
1 or 1,

t bt a λ α γγτ τ
η λ αη

−− −> − ≥ −  (13) 

then in any period equilibrium z is imported. 

The intuition for Lemma 3 is similar to that for Lemma 1. As can be seen from (8), the 
relative price of z is proportional to the tariff. So if the tariff is relatively low, then pzt too is 
relatively low. Good z is then not produced in the home country and its entire consumption 
must be imported. If the tariff is in the middle range, then pzt and the production of z in the 
home country too are in the middle range. Good z is then imported. If the tariff is relatively 
high, then pzt and the production of z in the home country too are relatively high. Good z is 
then exported.  

We now characterize the optimal choice of technology under a tariff. As it had 
happened with free trade, under a tariff there will be no blocking. That is, free trade and a 
tariff are equivalent with respect to the adoption of new technolgies. The intution for this 
result is also similar to the one given in the free trade case. A tariff introduces a wedge 
between the domestic price and the international market price. But, the relative price in the 
home market is still given to the coalition. The coalition cannot manipulate this distorted 
relative price in its favor. Therefore, to maximize the income (and the utility) of its member 
the coalition has to choose the highest feasible b. As a result, new technologies are never 
blocked and technological progress is as large as possible (as we will see below, this is 
different under a quota). The next proposition summarized this results (the proof is in the 
appendix). 

Proposition 2 (Recursive Equilibrium with Tariff)  Suppose there is a constant tariff on the 
imports of z, that pz

* is given by (6), and that (7) holds. Then there are three cases.  

(i) If the tariff satisfies

1 1

2 2

(1 ) (1 )
1 1 or 1 1,

λ α λ αγ γτ τ
λ αη η η λ αη

− −< − ≤ − < − < −  (14a) 

then there is a unique recursive equilibrium. In this equilibrium: (i) z is imported. (ii) 
Type-1 works in sector 1 and type-2 works in sector 2. (iii) The most productive 
technology is used in both periods.  

(ii) If the tariff satisfies

1

2

(1 )
1 1,

λ αγτ
η λ αη

−= − < − (14b) 

then there is a continuum of recursive equilibrium. In these equilibrium (i) z isalways 
imported. (ii) Type-2 works in sector 2 and the allocation of working time of type 1 is 
indeterminate. (iii) The most productive technology is used in both periods.  

(iii)  If the tariff satisfies
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1 1

2 2

(1 ) (1 )
1 1 or 1 1,

λ α λ αγ γτ τ
λ αη η η λ αη

− −< − ≤ − < − < − (14c) 

then in any recursive equilibrium z is not imported. 

3.3 Quotas 

In this part of the paper we analyze our model economy once we introduce a quota on 
the imports of good z. We introduce a quota in the following way. In each period the total 
amount of good z that is allowed to be imported is assumed proportional to the amount 
produced domestically. That is, in period t the economy imports a constant fraction Q of the 
total production of zt  

* ,t tz Qz= (15) 

where Q [0,∞). Obviously we again need to require that z be imported under free 
trade, so we again assume that b < t or b = t and (7) holds. The quota has to satisfy two 
constraints. First, it has to bind. That is, the amount imported with a quota has to be smaller 
than the amount imported under free trade. Second, the quota has to increase the domestic 
relative price of z above the world market price.  

Once we introduce a quota, we have to adapt our definition of equilibrium. First, since 
we want the quota to be binding, the imports of z must be equal to the quota given by (15) . 
Second, the introduction of a quota generates income to those that import good z. This income 
comes from the difference of domestic and international prices. We will keep our assumption 
that the government collects this income and throws the tax revenues away. Once more, this 
assumption leaves the market clearing conditions unaffected. Although simplifying our proofs 
our results do not depend on this assumptions.  

As before we now characterize the equilibrium under a quota. We start with the period 
equilibrium. We should pay attention to two points. First, the quota breaks the link between 
the relative price of z in the home market and in the world market. In contrast to the previous 
two cases, pz is now determined by the equilibrium conditions of the domestic economy. 
Second, a very restrictive quota on z may increase pz by so much that the economy switches to 
exporting z. Again we exclude such cases. The valid cases are summarized by the following 
lemma. The proof and the details of the equilibria can again be found in the appendix. 

Lemma 4(Period-Equilibrium with Quota)  Suppose that there is a quota Q on the imports 
of good z as in (15), that pz

* is given by (6), that (7) holds, and that the state s S is given. 
Then, there are four cases.  

(i) If the quota satisfies

1

2

(1 )
b a

Q
λ α α
λ γ −

−< −  (16a) 

then there is a unique period equilibrium where: (i) the quota binds and pzt > pzt
*. (ii) 

type-1 agents work in both sectors and type-2 agents work in sector 2.  

(ii) If the quota satisfies
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1 1 1

2 2 2

(1 ) (1 ) (1 )
and

t b

b a
Q Q

λ α λ α λ α γα α α
λ γ λ λ η

−

−

− − −− ≤ ≤ − < − (16b) 

then there is a unique period equilibrium where: (i) the quota is binding and    pzt > 
pzt

*. (ii) type-1 agents work in sector 1 and type-2 agents work in sector 2.  

(iii)  If the quota satisfies

1

2

(1 )
,Q

λ α α
λ
−> −  (16c) 

and b < t then there is a unique period equilibrium where: (i) the quota is binding and 
pzt > pzt

*. (ii) type-1 agents work in sector 1 and type-2 agents work in both sectors.  

(iv) If none of the conditions (16a)–(16c) are satisfied, then in any period equilibrium the
quota is not binding and pzt > pzt

*.

Now let’s give some intuition for the above lemma. If the quota is relatively large, then
the relative price of z is so low that no equilibrium exists in which imports under the quota fall 
short of imports under free trade. If the efficient technology is not used, then both types work 
in the first sector under free trade. Under a relative large quota, the relative price of z can 
increase sufficiently relative to free trade that sufficiently many agents of type 2 start to work 
in the second sector to make up for the reduction in imports. If the efficient technology is 
used, then there are two case. On the one hand, the binding quota can be in a middle range 
where the relative price of z is in a middle range too so that type-1 agents work in the first 
sector and type-2 agents work in both sectors. On the other hand, the binding quota can be 
rather tight so that the relative price of z becomes so high that some type-1 agents start to 
work in the second sector to make up for the small quantity of imports.  

Now let us find the optimal choice of technology under the quota for the coalition 
members. The main difference with respect to free trade and tariff is the following. Once we 
introduce a quota, the domestic relative prices are no longer given. That is, the domestic 
relative price of z is determined by the market clear conditions of our home economy. Once 
the domestic price of good z is endogenous (and dependent on the technology choice) the 
coalition’s problem of maximizing the utility of its representative member is no longer 
equivalent to maximizing the marginal product of type-2 labor. Now, the coalition’s choice of 
technology affects both the marginal product of a type 2 labor and the relative price of z. By 
blocking a newer technology the coalition increases the relative price of z. Under certain 
conditions this increase will be sufficient to compensate the smaller marginal productivity of a 
type 2 labor, increasing the income the utility of the coalition members. Therefore, under 
certain conditions we will have blocking of the newest technology. This will generate the 
major difference between the free trade, the tariff and the quota economy. The equivalence of 
tariffs and quotas is no longer true. The next proposition formalizes this argument. (the proof 
is the appendix). 

Proposition 3 (Recursive Equilibrium with Quota) Suppose that there is a quota Q on the 
imports of good z as in (15), that pz

* is given by (6), and that (7) holds. Then, there are four 
cases.  

(i) Supose the quota satisfies
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1
2

2

(1 )
,Q

λ α α
λ γ

−< −  (17a) 

then if and only if 

(1 ) 2(1 )1 [ 1]α ρ αρ α ρ αργ βπ γ γ− −− < −  (17b) 

there is a unique recursive equilibrium where: (i) the quota binds and pzt > pzt
*. (ii) 

Type-1 agents work in both sectors and type-2 agents work in the second secto. (iii) 
The most productive technology is blocked in the first period and used in the second 
period. Otherwise the most productive technology is used in both periods.  

(ii) If the quota satisfies

1 1
2

2 2

(1 ) (1 )
,Q

λ α λ αα α
λ γ λ γ

− −− ≤ < − (17c) 

then if and only if 

(1 ) 2(1 ) 1

2

(1 )
1 1

( )Q

αρ
α ρ αρ α ρ λ αγ βπ γ

λ α γ
− −

  − − < −  +   
(17d) 

there is a unique recursive equilibrium where: (i) the quota is binding and       pzt > 
pzt

* in all periods. (ii) Type-1 agents work in the first sector and type-2 agents work in 
the second sector. (iii) the most productive technology is blocked in the first period 
and used in the second period. Otherwise the most productive technology is used in 
both periods.  

(iii)  If the quota satisfies

1 1

2 2

(1 ) (1 )
,Q

λ α λ αα α
λ γ λ η

− −− ≤ < − (17e) 

then there is a unique recursive equilibrium where: (i) the quota is binding and     pzt 
> pzt

*. (ii) type-1 agents work in sector 1 and type-2 agents work in sector 2. (iii) the
most productive technology is used in both periods.

(iv) If the quota satisfies

1

2

(1 )
,Q

λ α α
λ η

−≥ −  (17f) 

then there no is recursive equilibrium such that the quota is binding and  pzt > 
pzt

*. 

Condition (17b) shows that blocking is the more likely the smaller are Q, λ2, γ, and α 
and the larger is λ1. The intuition for these findings is as follows. First, there is an opportunity 
cost of blocking. This cost is the larger the faster is technological progress in sector 2, that is, 
the larger is γ. Second, blocking new technologies increases the relative price of z, benefits the 
skilled agents as producers of z but hurts them consumers of z. The former effect is the 
stronger relative to the latter the more protected is sector z from world market competition 
(i.e. the smaller is Q) and the larger is the income transfer from the unskilled to the skilled 
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(i.e. the larger λ1⁄λ2, the mass of the unskilled relative to the skilled, and the larger 1 - α, the 
expenditure share of z). 

4 CONCLUSIONS 

In this section we summarize and compare the results obtained above. First, with 
respect to the adoption of new technologies our model indicates that under free trade or a tariff 
there is no resistance. The best technology available will always be used. On the other had, 
with a quota the groups with power to resist will stop the adoption of new technologies. 
Therefore, in our model, there is no equivalence between a tariff and a quota. The reason for 
this is the following. The utility of a skilled worker increases with his income that is equal to 
the marginal productivity of a type 2 labor times the relative price of the good that they 
produced (good z). Under free trade or a tariff the relative prices are given and adoption of 
technology does not affect the relative price of the goods produced in the economy. Therefore, 
to maximize their income (and their utility) the skilled workers just have to increased their 
productivity as much as possible. That is, they have to allow the use of the most productive 
technology. On the other hand, with a quota, the blocking of new technologies increases the 
relative price of the good intensive in skilled labor. Therefore, there are conditions under 
which, even though the skilled workers have smaller productivity, they have higher income. 
That is, the increment of the relative price is more than sufficient to compensate the reduction 
in the productivity, increasing the income of the skilled workers. 

Two other results come as a consequence of this behavior toward the adoption of 
technology. First, even controlling for skill level (or human capital), on average, the workers 
in the economy with quota will have smaller productivity than the workers in the economy 
with free trade or with tariff. Second, the income per capita in the economy with quota is 
smaller than the income per capita in the economy with free trade or with a tariff. The reason 
is that under a quota the workers in the sector intensive in skill labor will not be using the 
most productive technology. Therefore, they will display smaller productivity and the whole 
economy will have a smaller income per capita. 

Finally, we should also notice the effects of trade policies on income distribution. That 
is, even though the workers in the economy have smaller productivity and the income per 
capita is smaller, the skilled workers are better off under the quota arrangement. The reason is 
that the income of the skilled workers is higher with a quota than with free trade or a tariff. In 
other words, they have a bigger part in a smaller pie. 

For future research we should introduce capital in the model and allow its free 
mobility across countries. The introduction of capital would allow the use of a more general 
production function. Besides, the introduction of capital would generate another constraint in 
the decision to block new technologies. Less productive technologies would affect the 
productivity of capital and thus investment. That is, resistance to new technologies would 
reduce investment, the capital stock and the capital-labor ratio affecting the productivity and 
the income of the skilled workers. 
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APPENDIX 

Proof of Lemma 1.  Following the four steps outlined in the main text it is straightforward to 
derive the equilibria. The results are as follows. If ( , , )s a t t S= ∈ , 
then:  

1

1
1

2

3 1 1

4 2 2

1
5 1 2 1 2

ˆ ( ) {1, , , , },

ˆ ( ) { , (1 ) ,1,0,0},

ˆ ( ) { , (1 ) ,0,0,1},

ˆ ( ) { ,0, ,0,0},

ˆ ( ) {0, ,0,0, },

ˆ ( ) { (1 ) , (1 ) ,0,0,0}.

t t t t t

t t

t t

t

t

t t t t

p s

x s

x s

x s

x s

x s

ηπ γ π ηπ γ ηπ
απ α γ η
αηπ α γ
λ π λ

λ γ λ
λ α π λ αηπ λ α γ η λ αγ

− −

−

−

=

= −

= −

=

=

= − − + − −

(18a) 

If ( , , )s a b t S= ∈ in S with b<t, then 

1
1

1
2

3 1 2 1 2

4

1
5 1 2 1 2

ˆ ( ) {1, , , , },

ˆ ( ) { , (1 ) ,1,0,0},

ˆ ( ) { , (1 ) ,1,0,0},

ˆ ( ) { ( ),0, ,0,0},

ˆ ( ) {0,0,0,0,0},

ˆ ( ) { ( )(1 ) , ( )(1 ) ,0,0,0}.

t t t t a t t b t

t t

t t

t

t t

p s

x s

x s

x s

x s

x s

ηπ γ π ηπ γ ηπ γ
απ α γ η
απ α γ η
π λ λ λ λ

λ λ α π λ λ α γ η

− − −

−

−

−

=

= −

= −

= + +
=

= − + − + −

(18b) 

■ Proof
of Proposition 1. We start with the second-period problem, (5b). Using (18a) and (18b) we
obtain the indirect utilities:

2 2 (1 )

2 2 (1 )

( ) [(1 ) ]
( , 2,2) ,

( ) [(1 ) ]
( 1,0,2) (0,1,2) .

u a

u u

αρ α ρ

αρ α ρ

ρ

αηπ α γ
ρ
αηπ α γ

ρη

−

−

−=

−− = =

Since η > 1, b = 2 is the optimal choice. This immediately implies the continuation utility: 

2 2 (1 )( ) [(1 ) ]
( , ,1) .v a b

αρ α ραηπ α γ
ρ

−−=  

Note that this shows that the continuation utility is independent of the realization of (a,b,1). 
Using this fact, the first-period problem, (5a), is equivalent to maximizing the period utility in 
the first period. It is given by  

(1 )

(1 )

( ) [(1 ) ]
(0,1,1) ,

( ) [(1 ) ]
( 1,0,1) .

u

u

αρ α ρ

αρ α ρ

ρ

αηπ α γ
ρ

αηπ α γ
ρη

−

−

−=

−− =
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Again since η > 1 the optimal choice is b = 1. Given that the initial state is (-1, 0, 0), using b = 
t and the law of motion implies that s = (t - 1,t,t) in both periods. This completes the proof. ■ 

Proof of Lemma 3. The derivation of the different equilibria is straightforward once it is 
clarified where the two types work. We will only sketch the key arguments.  

Solving the firms’ problems shows that the different wages (expressed in units of the 
numeraire y) are:  

(19) 

The five cases of the lemma come about as follows.  

First, if and only if w1t < w2t < wyt, then both types work in sector 1. Specifically: 

1
1

1
2

3 1 2 1 2

4

5 1 2

ˆ ( ) {1, (1 ) , , (1 ) , (1 ) },

ˆ ( ) { , (1 ) [(1 ) ] ,1,0,0},

ˆ ( ) { , (1 ) [(1 ) ] ,1,0,0},

ˆ ( ) {( ) ,0, ,0,0},

ˆ ( ) {0,0,0,0,0},

ˆ ( ) { ( )(1 ) , (

t t t t a t t b t

t t

t t

t

t

p s

x s

x s

x s

x s

x s

τ ηπ γ π τ ηπ γ τ ηπ γ
απ α γ τ η
απ α γ τ η
λ λ π λ λ

λ λ α π

− − −

−

−

= + + +

= − +

= − +

= + +
=

= − + − 1
1 2)(1 ) [(1 ) ] ,0,0,0}.t bλ λ α γ τ η −+ − +

 (20) 

Since then z is not produced it must be imported and there is no additional restriction. This is 
case (i).  

Second, if and only if w1t < w2t = wyt, then type 1 works in sector 1 and type 2 is 
indifferent between working in either sector. Specifically:  

1
1

2

3 1 1

4 2 2

5 1 2

ˆ ( ) {1, (1 ) , , (1 ) , (1 ) },

ˆ ( ) { , (1 ) [(1 ) ] ,1,0,0},

ˆ ( ) { (1 ) , (1 ) ,0,0,1},

ˆ ( ) { ,0, ,0,0},

ˆ ( ) {0, ,0,0, },

ˆ ( ) { (1 ) (1 )

t t t t a t t b t

t t

t b t b

t

b

t

p s

x s

x s

x s

x s

x s

τ ηπ γ π τ ηπ γ τ ηπ γ
απ α γ τ η
α τ ηπ γ α γ
λ π λ

λ γ λ
λ α π λ α τ ηπ

− − −

−

−

= + + +

= − +

= + −

=

=

= − − + + 1
1 2, (1 ) [(1 ) ] ,0,0,0}.t b t t bγ λ α γ τ η λ αγ− −− + −

(21) 

The additional requirement that z be imported leads to the restriction ι > α -λ1λ2
-1(1 -α). Given 

that (7) holds, the right-hand side is negative, so z is imported for all ι [0, 1]. This is case (ii). 
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Third, if and only if w1t < wyt < w2t type 1 works in sector 1 and type 2 works in sector 
2. Specifically:

1
1

2

3 1 1

4 2 2

5 1 2

ˆ ( ) {1, (1 ) , , (1 ) , (1 ) },

ˆ ( ) { , (1 ) [(1 ) ] ,1,0,0},

ˆ ( ) { (1 ) , (1 ) ,0,0,1},

ˆ ( ) { ,0, ,0,0},

ˆ ( ) {0, ,0,0, },

ˆ ( ) { (1 ) (1 )

t t t t a t t b t

t t

t b t b

t

b

t

p s

x s

x s

x s

x s

x s

τ ηπ γ π τ ηπ γ τ ηπ γ
απ α γ τ η
α τ ηπ γ α γ
λ π λ

λ γ λ
λ α π λ α τ ηπ

− − −

−

−

= + + +

= − +

= + −

=

=

= − − + + 1
1 2, (1 ) [(1 ) ] ,0,0,0}.t b t t bγ λ α γ τ η λ αγ− −− + −

(22) 

The additional restriction that z be imported leads to 

1
1 2(1 ) .b aι α λ λ αγ− −> + −

This is case (iii). 

Fourth, if and only if wyt = w1t < w2t, then type 2 works in sector 2 and type 1 is indifferent 
between working in either sector. Specifically:  

1
1 1 2

2

3 1 1

4 1 2 1 2

5 1 2

ˆ ( ) {1, , , , },

ˆ ( ) { , (1 ) , ,1 ,0}, ( ,1],

ˆ ( ) { , (1 ) ,0,0,1},

ˆ ( ) { ,0, ,0,0},

ˆ ( ) {0, (1 ) , (1 ),0, },

ˆ ( ) { ( )

t a t t t b a

t a b a

t b a b

t

a b

t t b a

p s

x s

x s

x s

x s

x s

π γ π π π γ
απ α γ ι ι ι α λ λ αγ
απ γ α γ
λιπ λι

λ ι γ λ γ λ ι λ
λ α ι π λ απ γ

− −

− −

−

−

=

= − − ∈ +

= −

=

= − + −

= − + 1 2, ( ) ,0,0,0}.a bλ ι α γ λ αγ− −

The additional requirement that z be imported leads to 

Given that (7), the right-hand side is smaller than 1, so ι (α + λ1
-1
λ 2(1-)αγb-a, 1]. This is case 

(iv). Fifth, in all other cases, z is exported because there is too little production of y to export 
it. The conditions in (13) follow by logically negating (11) and (12). This is case (v). ■   

Proof of Proposition 2. We start the proof by noting that under condition (14c) there are no 
period equilibria in which z is imported, so a recursive equilibrium cannot exist either. In 
contrast, under conditions (14a) and (14b) there are unique period equilibria in which z is 
imported. We study these two cases subsequently.  

If (14a) holds, then we can restrict attention on the cases (i)–(iii) of Lemma 3, in which 
period equilibria with the desired properties exist. If b - t = 0, then case (iii) applies. If b - t < 
0, then cases (i) or (ii) apply. Note that which one of the two latter is relevant does not matter 
for the current purpose because (10) implies that the indirect period utility in both cases is 
found to be equal.  

Using (20)–(22), we obtain the indirect utilities: 
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2 2 (1 )

2 2 (1 )

[ (1 ) ] [(1 ) ]
( , 2,2) ,

[ (1 ) ] [(1 ) ]
( 1,0,2) (0,1,2) .

[(1 ) ]

u a

u u

αρ α ρ

αρ α ρ

ρ

α τ ηπ α γ
ρ

α τ ηπ α γ
ρ τ η

−

−

+ −=

+ −− = =
+

Since (1 + τ)η > 1, b = 2 is the optimal choice. This immediately implies the continuation 
utility: 

2 2 (1 )[ (1 ) ] [(1 ) ]
( , ,1) .v a b

αρ α ρα τ ηπ α γ
ρ

−+ −=  

Note that this shows that the continuation utility is independent of the realization of (a,b,1). 
Using this fact, the first-period problem, (5a), is equivalent to maximizing the period utility in 
the first period, which is given by: 

(1 )

(1 )

[ (1 ) ] [(1 ) ]
(0,1,1) ,

[ (1 ) ] [(1 ) ]
( 1,0,1) .

[(1 ) ]

u

u

αρ α ρ

αρ α ρ

ρ

α τ ηπ α γ
ρ

α τ ηπ α γ
ρ τ η

−

−

+ −=

+ −− =
+

Thus, the optimal choice is b = 1. Given that the initial state is (-1, 0, 0), using b = t and the 
law of motion implies that s = (t - 1,t,t) in both periods.  

If (14b) holds, then cases (i)-(ii) or (iv) of Lemma 3 are relevant. The  latter  applies  if b - t = 
0 whereas the former apply if b - 1 < 0. The steps of the proof are now exactly the same as in 
the previous case. They are left as an exercise for the reader. This completes the proof.  ■ 

Proof of Lemma 4. We start with the proof of case (i). Solving the problems of the two 
representative firms one finds wyt = πt, w 1t = γapzt, w2t = γbpzt. Since requiring type 1 to work in 
both sector and type 2 to work in sector 2 is equivalent to wyt = w1t < w2i, we have  

1 2, , .t a t t b a
zt yt t tp w w wπ γ π π γ− −= = =  

Solving the problems of the two representative agents, we find that the period expenditure 
shares of the two goods are α and 1 - α. Using that pzt = πtγ-a, the equilibrium quantities 
consumed by the two types therefore are:  

1 1 2 2, (1 ) , , (1 ) .t a t b a b
t t t ty z y zαπ α γ απ γ α γ−= = − = = −  

The period quantities of the two goods that are produced and their period exports and imports 
can be determined as follows. Using that the sum of the period quantities of z consumed by 
both types must equal the period production of z plus the period imports of z we get:  

1 2 2 2 1 2 2( )(1 ).a b
t t tz z l Qλ λ λ γ λ γ+ = + +  

Substituting zit from above into this expression and solving for l1t gives: 
1

1 2
2

(1 ) ( )
.

1

b a

t

Q
l

Q

α λ λ α γ− −− − +=
+

 

Using l1t = 1 - l2t it is now straightforward to compute the remaining variables. 
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In sum, in case (i) the equilibrium is given by 

1 1
1 1 2

1 1
1 2

2

1 1
3 1 2 2

ˆ ( ) {1, , , , },

ˆ ( ) { , (1 ) ,[1 ( ) ](1 ) ,

[(1 ) ( ) ](1 ) ,0},

ˆ ( ) { , (1 ) ,0,0,1},

ˆ ( ) {( ) ( )(1 ) ,0, (1 )( )(1 )

t a t t t b a

t a b a

b a

t b a b

b a t b a

p s

x s Q Q

Q Q

x s

x s Q Q Q Q

π γ π π π γ
απ α γ λ λ α γ

α λ λ α γ

απ γ α γ
λ λ γ π α λ λ γ α

− −

− − −

− − −

−

− − − −

=

= − + + +

− − + +

= −

= + + + + + + 1

1 1 1
4 1 2 1 2 2

1 1
5 1 2 1 2

,0,0},

ˆ ( ) {0,( )(1 )(1 ) ,0,[(1 ) ( ) ](1 ) , },

ˆ ( ) {( )(1 ) (1 ) , ( )(1 ) (1 ) ,0,0,0}.

a b b a

b a t a b

x s Q Q Q

x s Q Q Q Q

λ γ λ γ α α λ λ α γ λ
λ λ γ α π λ γ λ γ α

−

− − − −

− − −

= + − + − − + +

= + − + + − +

(23) 

The final order of business is to check that pzt > pzt
*, that the quota is binding, and that lz1t (0, 

1). The first requirement is implied by η < γ and a ≤ t - 1:  

*
1 1

.
t t t t

zt ztt t t a
p p

π η π π πη
γ γ γ γ γ− −= = < ≤ =  

The second  requirement  can   be checked  as  follows. If  b < t,  then under  the  quota zt 
* = (λ 

1γ
a + λ 2γ

b)(1 - α)Q(1 + Q)-1 and under free trade z t
*(λ 1 + λ2)(1 - α)γtη-1; see Lemma 1 for the 

latter. Thus the quota binds:  

1 2 1 2 1 2( )(1 ) ( ) (1 ) ( )(1 )
.

(1 )

a b a b tQ

Q

λ γ λ γ α λ γ λ γ γ α λ λ α γ
η η

+ − + − + −< ≤
+

 

If b = t, then from Lemma 1 we can see that under free trade zt
*
λ 1(1 - α)γtη-1 - λ 2αγ

t. Using the 
right inequality of condition (16b), we now get:  

1 1 1 1

2 2 2 2

(1 ) (1 ) (1 ) (1 ) 1 1
,

Q
Q

λ α λ α λ α λ αα α α
λ γ λ η λ η λ η γ

 − − − −< − < − < − + − 
 

 

which implies that the quota binds. The first part of the third requirement, lz1t > 0, it trivially 
satisfied. The second part, lz1t < 1, is equivalent to (16a).  

We now turn to case (ii). We will only highlight the differences to the proof of case (i) and 
leave the rest as an exercise to the reader. We know that l1t = 0 and l2t = 1 because type i only 
works in sector i. Thus it must be that w1t ≤ wyt < w2t, implying that we cannot derive pzt 
immediately from the equality of two wages.12 pzt can be obtained by using that the sum of the 
period quantities of z consumed of both types must equal period production of z plus the 
period imports of z. This gives:  

1

2

(1 )

( )

t

zt b
p

Q

λ α π
λ α γ

−=
+

12 Note that w1t = wyt only for the parameter constellation, in which type 1 is indifferent between working in 
either sector but works in sector 1 only. 
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Given pzt, it is straightforward to derive the other variables: 

1 1 1 1
1 2 1 2

1 1
1 2

1
1 1 2

1 1
2 1 2

3 1 1

4 2

ˆ ( ) {1, (1 ) ( ) , , (1 ) ( ) ,

(1 ) ( ) },

ˆ ( ) { , ( ) ,1,0,0},

ˆ ( ) { (1 ) ( ) , (1 ) ,0,0,1},

ˆ ( ) { ,0, ,0,0},

ˆ ( ) {0, ,0

t b t t a b

t

t b

t b

t

b

p s Q Q

Q

x s Q

x s Q

x s

x s

λ λ α π α γ π λ λ α π α γ
λ λ α π α

απ λ λ α γ
λ λ α α π α α γ
λ π λ

λ γ

− − − − − −

− −

−

− −

= − + − +

− +

= +

= − + −

=

= 2

1
5 1 2

,0, },

ˆ ( ) { (1 ) ( ) , ,0,0,0}.t bx s Q Q Q

λ
λ α π α λ γ−= − +

(24) 

We complete case  (ii)  by  showing that  pzt > pzt
*,  that the quota is binding, and that w1t ≤ wyt

< w2t. The first requirement is equivalent to:  

1

2

(1 )
,

t b

Q
λ α γ α

λ η

−−< −

which  is  implied  by  (16b). The second  requirement  can  be  checked  as follows.  If b < t, 
then the imports under  the  quota are λ2Qγ

b and the imports under free trade are (λ1 + λ2 )(1 - 
α)γtη-1; see Lemma 1 for the latter. The right inequality of condition (16b) then implies that 
the quota binds:  

1 1

2 2

(1 ) (1 )
(1 ) .

t b
t bQ

λ α λ α γα α γ
λ λ

−
−− −< − ≤ + −  

If b = t, then the imports under free trade become λ1(1 - α)γt
η

-1 - λ 2αγ
t. Therefore, the right 

inequality of condition (16b) implies immediately that the quota binds. The third requirement 
is equivalent to  

1 1

2 2

(1 ) (1 )
,

b a
Q

λ α λ αα α
λ γ λ−

− −− ≤ ≤ −

which is implied by (16b). Note that if there are equality signs in these two inequalities, then 
still type 1 works in the y sector and type 2 in sector 2. This can be seen as follows. If 

1

2

(1 )
b a

Q
λ α α
λ γ −

−= − , then lz1 = 0 in case (i), that is, the first type no longer works in sector 2. If Q = 

1

2

(1 )
Q

λ α α
λ
−= − - α, then ly1 = 0 in case (iii), that is, the second type no longer works in the y

sector. 

We continue with case (iii). Given that type 2 works in both sectors w1t < wyt = w2t, implying 
that pzt = πt

γ
b. The rest of the equilibrium can be computed in much the same way as the 

equilibrium in case (i). The result is:  
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1

1 1 1 1
2 1 2 1 2

1 1 1
3 1 2 1 2

4

ˆ ( ) {1, , , , },

ˆ ( ) { , (1 ) ,1,0,0},

ˆ ( ) { , (1 ) ,[( ) (1 )](1 ) ,0, ( 1)(1 )(1 ) },

ˆ ( ) {( )( ) (1 ) ,0, ( 1)( )(1 ) ,0,0},

ˆ ( ) {0,(

t b t t a t

t b

t b

t

p s

x s

x s Q Q Q

x s Q Q Q Q

x s

π γ π π γ π
απ α γ
απ α γ α λ λ α λ λ α
λ λ α π λ λ α

λ

− −

− − − −

− − −

=

= −

= − + − − + + − +

= + + + + + +

= 1 1 1
1 2 1 2

1 1
5 1 2 1 2

) (1 )(1 ) ,0,0, ( 1)(1 )(1 ) },

ˆ ( ) { ( ) (1 ) (1 ) , ( ) (1 ) (1 ) ,0,0,0}.

b

t b

Q Q

x s Q Q Q Q

λ γ α λ λ α
λ λ π α λ λ γ α

− − −

− −

+ − + + − +

= − + − + + − +

Checking the three requirements in this case is straightforward. First, the quota can be shown 
to bind without further restrictions. Second, pzt > pzt

* is satisfied if and only if    b < t. Third, 
lzt > 0 without further restrictions and lzt < 1 is equivalent to (16b).  

At the end, we address case (iv). This amounts to showing that there cannot be other 
equilibria. The first possibility that we have not so far considered is that wy < w1 < w2 in 
equilibrium. This cannot be because all agents would work in the second sector and z would 
be  exported. The second possibility that we have not so far considered is that w1 < w2 < wy in 
equilibrium. In this case, all agents would  work in  the first  sector.  If b = t, then the 
requirement  that  w2 < wy implies that pz < pz 

* , which is not allowed. If b < t, then the unique 
equilibrium under free trade also has all agents working in the first sector. But that means that 
the quota must equal the imports under free trade, and so it is not binding. This completes the 
proof.   

Proof of Proposition 3. In case (i) of the proposition, case (i) of Lemma 4 implies for all 
possible realizations of the state. We start with the second period. The state at the beginning 
of the second period can have two realizations only: (-1, 0, 1) or (0, 1, 1). The former (latter) 
obtains if the new technology was blocked (adopted) in the first period. If the state is (-1, 0, 
1), then the second-period utility follows from (23) of Lemma 4:  

2 (1 ) 2

2 (1 )

( ) (1 )
(0,2,2) ,

( ) (1 )
(0,1,2) .

u

u

αρ α ρ ρ

αρ α ρ ρ

απ α γ
ρ

απ α γ
ρ

−

−

−=

−=

Thus, b = 2 is the optimal choice. If the state is (0, 1, 1), then the second-period utility is 
either 

2 (1 ) (2 )( ) (1 )
(1,2,2)u

αρ α ρ α ραπ α γ
ρ

− −−=

or u(0, 1, 2) as computed above. Again, b = 2 is the optimal choice. Using these two results, 
the continuation utility can be computed: 

2 (1 ) 2

2 (1 ) (2 )

( ) (1 )
( 1,0,1) ,

( ) (1 )
(0,1,1) .

v

v

αρ α ρ ρ

αρ α ρ α ρ

απ α γ
ρ

απ α γ
ρ

−

− −

−− =

−=
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We now turn to the first period. Recall that at the beginning of the first period the state is (-1, 
0, 0). If the new technology is adopted, then the previous expressions imply the following 
present value of utility: 

(1 ) 2 (1 ) (2 )( ) (1 ) ( ) (1 )
(0,1,1) (0,1,1) .u v

αρ α ρ ρ αρ α ρ α ραπ α γ απ α γβ β
ρ ρ

− − −− −+ = +  

If the new technology is blocked, then the present value of utility is 

(1 ) 2 (1 ) 2( ) (1 ) ( ) (1 )
( 1,0,1) ( 1,0,1) .u v

αρ α ρ αρ αρ α ρ ραπ α γ απ α γβ β
ρ ρ

− −− −− + − = +  

Comparing the last two expressions shows that blocking is optimal if and only if (17b) in the 
text holds.  

In case (ii) of the proposition, case (i) of Lemma 4 applies if (b - a) = 1 and case (ii) applies if 
(b -a) = 2. We again start with the second period. If the state is (-1, 0, 1), then the second-
period utility u(0, 1, 2) is as before and u(0, 2, 2) can be computed by using (24) of Lemma 4: 

2 (1 ) 2(1 )
1

2

[ (1 )] (1 )
(0,2,2) .

[ ( )]
u

Q

αρ α ρ α ρ

αρ
απ λ α α γ

ρ λ α

− −− −=
+

 

Thus, b = 2 is the optimal choice. If the state is (0, 1, 1), then the second-period utilities u(1, 
2, 2) and u(0, 1, 2) are as in the previous case and again b = 2 is the optimal choice. Using 
these two results, the continuation utility can be computed: 

2 (1 ) 2(1 )
1

2

2 (1 ) (2 )

[ (1 )] (1 )
( 1,0,1) ,

[ ( )]

( ) (1 )
(0,1,1) .

v
Q

v

αρ α ρ α ρ

αρ

αρ α ρ α ρ

απ λ α α γ
ρ λ α

απ α γ
ρ

− −

− −

− −− =
+

−=

We now turn to the first period. Recall that at the beginning of the first period the state is (-1, 
0, 0). If the new technology is adopted, then the present value of utility, u(0, 1, 1) + βv(0, 1, 
1), is given by (26). If the new technology is blocked, then the present value of utility is 

2 (1 ) 2(1 )(1 )
1

2

[ (1 )] (1 )( ) (1 )
( 1,0,1) ( 1,0,1) .

[ ( )]
u v

Q

αρ α ρ α ραρ α ρ αρ

αρ
απ λ α α γαπ α γβ β

ρ ρ λ α

− −− − −−− + − = +
+

 

Comparing the last two expressions shows that blocking is optimal if and only if (17d) in the 
text holds.  

In case (iii) the proof is exactly the same as the proof of the existence and uniqueness of a 
recursive equilibrium under free trade or under a tariff. The key feature of the period 
equilibrium again is that y2t and z2t do not depend on a or t - b but that z2t increases in b. 
Consequently the indirect period utility of type 2 is independent of a and increases in b, 
implying that the best technology is adopted in all periods. The formal details of the proof are 
left as an exercise to the reader.  
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In case (iv) the proof has two subcases. First, if 

1

2

(1 )
,Q

λ α α
λ
−> −  

then case (iii) of Lemma 4 applies. So suppose that a recursive equilibrium exists. Since y2t 
and z2t do not depend on a or t - b but z2t increases in b, for the same reasons as in case (iii) it 
is optimal to adopt the best technology. However, a period equilibrium can exist only if b < t, 
so we have a contradiction. Second, if 

1 1

2 2

(1 ) (1 )
,Q

λ α λ αα α
λ η λ

− −− ≤ ≤ −

then case (ii) of Lemma 4 may apply if b - t is chosen sufficiently large. So suppose that a 
recursive equilibrium exists. In the corresponding period equilibrium y2t and z2t again do not 
depend on a or t - b but z2t increases in b. For the same reasons as in case (iii) it is then 
optimal to adopt the best technology. Thus, b - t = 0, which gives a contradiction. Filling in 
the formal details of the two proof in case (iv) is left as an exercise to the reader.  
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