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Abstract

Recent history give us evidence of the different timing and results of the
opening up of several economies. When and why do governments open up
their economies, and why do domestic firms survive or not to the opening
up of the economy? This paper presents a game theoretic model that seeks
to answer these questions. Our findings show that depending on the degree
of impatience of the government and domestic firms, the costs of adopting
new technologies including the legal and political costs, the gap between the
old and the new technologies in terms of production costs, and the
expectations of the agents, the economies will open at the outset,
provoking widespread bankruptcies; will remain closed; or will open only
when domestic firms are able to compete with ther foreign counterparts. In
contrast with the literature on these issues, this model shows that
temporary protection may be effective to induce domestic firms to
modernize and become internationally competitive. All the strategies found
are subgame perfect Nash equilibrium and pass the renegotiation proof
criterium.

Resumen

La historia reciente nos brinda ejemplos de las diferentes estrategias y
resultados consecuencia de la apertura comercial de diversas economias.
¢Cuando y por qué abrir una economia, y por qué las firmas domésticas
sobreviven o no a la apertura comercial? Este trabajo presenta un modelo
de teoria de juegos que pretende responder estas preguntas. Nuestros
hallazgos muestran que dependiendo del grado de impaciencia del gobierno
y las firmas domésticas, los costos de adoptar nuevas tecnologias,
incluyendo los costos legales y politicos, la brecha entre la nueva y vieja
tecnologia en términos de costos de produccidn, y las expectativas de los
agentes, las economias eventualmente se abrirdn, provocando quiebras
generalizadas; permaneceran cerradas o se abrirdn sé6lo cuando las firmas
domeésticas estén en posicidon de competir con las extranjeras. En contraste
con la literatura sobre el tema, este modelo muestra que la proteccion
temporal puede ser efectiva para inducir a las firmas domeésticas a
modernizarse y volverse competitivas a nivel internacional. Todas las
estrategias halladas son un equilibrio de Nash de subjuego perfecto y pasan
la prueba de criterio de renegociacion.






To Open or Not to Open: The Causes,
Timing, and Consequences of Protectionism

Aurora Gémez Galvarriato ™ and César L. Guerrero-Luchtenberg **
*Centro de Investigacion y Docencia Econémicas (CIDE),
1+ El Colegio Mexiquense

September 17, 2007

Abstract

Recent history gives us evidence of the different timing and results
of the opening up of several economies. When and why do govern-
ments open up their economies, and why do domestic firms survive or
not to the opening up of the economy? This paper presents a game
theoretic model that seeks to answer these questions. Our findings
show that depending on the degree of impatience of the government
and domestic firms, the costs of adopting new technologies including
the legal and political costs, the gap between the old and the new
technologies in terms of production costs, and the expectations of the
agents, the economies will open at the outset, provoking widespread
bankruptcies; will remain closed; or will open only when domestic
firms are able to compete with their foreign counterparts. In contrast
with the literature on these issues, this model shows that temporary
protection may be effective to induce domestic firms to modernize
and become internationally competitive. All the strategies found are
subgame perfect Nash equilibrium and pass the renegotiation proof
criterium.

1 Introduction

In this paper we address the issue of why and when policymakers decide to
open up the economy and whether firms choose to invest in new technology



or not. We develop a model in which the key variables are the degree of
impatience of the government and the firms, the gap between the old and
new technologies, the cost of adopting the new technology including the legal
and political costs, and the proper expectations of the agents of the economy
—meaning expectations in a game-theoretic sense— . Among other results,
we give a new answers to the following questions: Why do countries follow
different paths to openness, and what are the economic consequences of that?
and, Why do some countries with protectionism policies have been successful
in inducing firms to adopt new technologies and others have not?

Our general point of view is the following. There is historical evidence
suggesting that protectionist trade policies are often the result of a complex
interaction among unions, firms, and the government. When a new labor-
saving and cost-reducing technology appears on the international scene, these
three actors may find themselves better off in the short run by maintaining
current technology. This is the case when specific economic, financial, and
political conditions make them face as an alternative unemployment, wide-
spread bankruptcies, and social unrest. Yet, every time the decision to change
the technology and modernize the industry is postponed, the problem for the
future worsens. If, at a given moment, the status quo is maintained for fear of
unemployment and of firms’ bankruptcies, as the gap between the technology
used by the domestic industry and that of the industry’s leaders elsewhere in
the world widens, the danger of widespread unemployment and bankruptcies
only increases. Thus, when the decision to modernize the industry and open
up the economy is finally taken, the industry is hard hit.

For instance, the history of the Mexican textile industry closely fits this
description of events, as is shown in Gémez-Galvarriato (2001). The com-
parison of production costs c. 1911 of one of the most modern and productive
firms (the Compania Industrial Veracruzana S.A.) with those of its interna-
tional counterparts suggests that by that time the firm could compete with
English cloth prices (although not with American cloth prices). Yet, as time
went by, its competitive standing deteriorated as a result of legally binding
industry-wide collective contracts that hindered the firm from adopting new
technology. The first “wage list” was signed by firms’ and workers’ represen-
tatives in 1912. Yet it did not become legally binding until 1927 when, as a
result of the Convention of Workers and Industrialists of 1925-27, a collective
contract was agreed to with basically the same technical features as that of
1912. This collective contract fixed the maximum number of machines per
worker and established specific wages per piece. Under these conditions, in-



Table 1. Ad-valorem Taxes
1965 1975 1986 1988 1993 1994 1995 1996 1997 1998 1999

Cotton Yarn 25 25 225 15 15 1270 102 76 5 165 O
Synthetic Yarn 215 25 25.64 13.48 1428 891 7.18 540 361 134 O
Cotton Cloth 51.01 35 45 15 15 439 353 263 173 057 O
Synthetic Cloth 96.52 34.96 36.09 14.79 14.93 11.10 9.15 7.12 5.10 259 O

dustrialists had no incentive to introduce better machinery because it would
not enable them to reduce labor costs, since wages per piece and the workers
per machine had to remain invariable. It set, for example, the maximum
number of looms per weaver to 6, when using Nortrhop automatic looms
a weaver could tend 20. It also required that the companies maintain a
fixed number and type of jobs. The 1925-27 Convention agreements may be
understandable in light of the worldwide depression in the textile industry.
Nevertheless, the precepts adopted were ratified over and over again, without
any changes until at least 1951, and until 1972 with few modifications. It was
not until 1994 that the industry-wide collective contract in this industry was
abolished. Company documents tell of the difficulties firms faced in install
modern machinery as a result of these regulations, making it many times
simply impossible. These agreements were, of course, paralleled by rises in
tariffs that the government carried out in order for the status quo to prevail.
When tariffs were reduced after 1985, few of these firms survived.!

As Table 1 shows, tariffs for textile products fell steadily from 1965 on.
This fall would be even more dramatic if we consider that many textile prod-
ucts were subject to import prohibitions before 1986. Whereas the fall in
tariffs that took place from 1986 to 1988, a result of Mexico’s entrance to
the GATT, could not have been fully predicted by the agents, the decrease
in tariffs after that date and especially after the signature of the NAFTA
in 1993 (in a region that represents over 80% of Mexican exports) was com-
pletely predictable. Yet, textile companies were unable to adjust to the new
competitive environment. As Figure 1 shows, the gross production of cotton
and synthetic fell dramatically from 1980 to 2002 as a consequence of the
opening up of the economy.?

1Sources for Table 1 are: Anuario FEstadistico del Comerio Exterior, 1965, 1975,
1986,1988, 1993; Diarios Oficiales, 1965, 1975, 1988, 1993; Secretaria de Comercio, Tarifa
del impuesto general de importaciones, 1980 y 1986.

Note: This represents the aggregate tariffs of cotton and synthetic weighted by their
share in total imports.

2Sources for Figure 1 are: Estadistica Industrial Anual, 1977, 1980, 1981, 1982; En-



Figure 1. Gross Production of Cotton and Synthetic Textiles in Mexico
(Thousands of Pesos of 2002)
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Whereas the case of the Mexican spinning and weaving industry may
be an extreme example of a sector institutionally tied down in order not
to modernize, we believe this story is not exceptional but a pattern expe-
rienced, to a lesser or greater degree, by several industries in many of the
developing countries that have recently opened up their economies. Ana
Revenga’s (1997) study of Mexican manufacturing during 1984-90 indicates
that the 1985-87 trade liberalization episode affected firm-level employment
and wages through several channels. It shifted down the industry product

cuesta Industrial Anual, 1983; Encuesta Industrial Mensual Resumen, 1984; Encuesta
Industrial Mensual, Resumen Anual, 1987, 1989; Encuesta Industral Anual, 1994-1996,
1998, 1999, 2000-2001, 2000, 2001-2002. Notes: From 1977 to 1983 the fractions consid-
ered include: hilado, tejido y acabado de algodén; fabricacién de casimires, panos, cobijas
y productos similares; fabricacién de estambres; hilado, tejido y acabado de fibras artifi-
ciales. From 1987 to 1989: preparacién de fibras blandas para hilado y tejido; fabricacién
de estambres; fabricacién de casimires, panos, cobijas y productos similares; hilado, tejido
y acabado de algodén; hilado, tejido y acabado de fibras artificiales.From 1994 to 2002:
hilado de fibras blandas; fabricacién de estambres de lana y fibras quimicas; fabricaciéon
de telas de lana y sus mezclas; tejido de fibras blandas; acabado de hilos y telas de fibras
blandas; hilado, tejido y acabado de fibras artificiales.
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and labor demand. This in itself may have accounted for a 3%-4% decline
in real wages on average (and for as much as 10%-14% decline in the more
affected industries). Moreover, trade reform reduced the rents available to
be captured by firms and workers. This had an additional negative effect on
firm-level employment and wages.

The opening of the Mexican economy took many decades, but when it
finally did open it occurred very quickly. This was not only the case for
textile products (Table 1) but for the economy in general. Figure 2 com-
pares the degree of openness of Mexico and Spain. While Spain opened up
gradually through several decades, Mexico opened up its economy in only a
decade. The different degrees of success that Spain and Mexico have had in
the process of opening up their economies suggest that the timing and pace
of opening could have important economic consequences. 3

3Sources for Figure 2 are: México: Importaciones y Exportaciones 1950-1997 INEGI,
?Estadisticas Histéricas de México,” Cuadro 18.1; 1998-2000 World Bank, ”"World De-
velopment Indicators 2004” Produccién, INEGI, Banco de Informacién Econémica, Serie
Histérica del PIB.INEGI, Banco de Informacién Econémica, pagina web. Espana: Im-
portaciones y Exportaciones Antonio Tena, ”Sector Exterior,” en Estadisticas Histéricas
de Espana, cuadro 8.4, paginas 601-602, PIB Leandro Prados, ”El Progreso Econémico de
Espana (1850-2000),” Apéndice K, Cuadro 2.
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Several papers have addressed the question of why protectionist trade
policies have failed to allow firms to reduce costs, which would eventually
enable them to compete internationally. Their argument is based on the
idea that governments are unable to credibly precommit to the uncondi-
tional elimination of protection, and thus protection generates a trade-off
for the firm. “If during the program, the firm does not invest sufficiently
in cost reductions, then it gains a renewal of future protection, and it saves
the opportunity cost of capital. It loses, however, the benefits derived from
cost reductions. If, at the margin, the gains are greater than the losses, then
the firm will inevitably choose not to invest sufficiently” (Tornell, 1991).
Temporary protectionist programs are thus “time inconsistent.” Staiger and
Tabellini (1987) have shown that an optimal trade policy may be time incon-
sistent, that a suboptimal but time-consistent policy involves an excessive
amount of protection, and that when protectionist policies are time inconsis-
tent tariffs may dominate production subsidies. Matsuyama (1990) has also
found dynamic inconsistency of optimal temporary protection by examining
whether or not there exists a sequence of credible government threats to lib-
eralize in the future, which would induce the firms to invest as a subgame



perfect equilibrium. Although such an equilibrium exists, it fails to pass the
“renegotiation-proof” criterium, and thus time inconsistency results. Tornell
(1991) shows that “investment-contingent subsidies” do not eliminate time
inconsistency in protectionist programs. Wright (1995) shows the time incon-
sistency persists even when the firm effort and costs are publicly observable.

Our paper is in the line of the so called The Political Economy of the
Protectionism (Hillman (1989)), since in our model the trade policy is en-
dogenously determined by the interaction among some actors of the economy,
in our case, the government, the industrials and unions. However, our model
is neither a voting model, nor a pure lobbying model: Indeed, it is not an
absurd hypothesis to assume that those political processes that lead to the
conventions mentioned in the case of the Mexican textile industry were the
result of pressures of some lobby groups, or at least in part. Or, in other
words, in our model, the pressures of lobby groups are exogenous. (For pa-
pers in that line, see Grossman and Helpman (1994-1995a-1995b), or Hillman
(1982)). We have chosen not to model endogenously those possible lobbying
processes for three reasons: a) We do not expect essential changes in the
results; b) To introduce that issue would complicate the model too much,
but it would loose generality (we would be forced to focus on a particular
form of lobbying); ¢) The histories that were the motivation of this paper
— besides the proper interest of the issue —, are clearly understood under
the light of our model as it is. For the same reasons, we have decided not to
introduce political competition in the model.

There are, on the other hand, some recent papers that study the issue of
protectionism under the possible existence of dumping effects, as for example
Blonigen and Jee-Hyeong Park (2004), or Cheng, Qiu and Kit Pong Wong
(2001), but in our model there is no dumping —foreign firms declare its true
costs—, so antidumping policies are not a possible reason of protectionism.

Informally, we obtain the following results:

There are four possible situations that display a type of equilibrium in
which the economy is opened at ¢ = 0 and none of the firms installs the
new technology, provided the gap between the new and the old technology
is very large: 1) the government is very impatient; 2) the two firms are
very impatient; 3) the legal-political costs of installing the new technology
are too high; 4) expectations of bad results. The first three situations may
be thought of as causes, literally, since we obtain propositions of the form
‘if, then.” The fourth is another kind of proposition. It says, roughly, the
following: Provided that the gap between the technologies is very large,
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whatever be the degree of patience of the agents and the legal-political costs,
the situation in which the economy is opened at the outset and both domestic
firms go bankrupt is a subgame perfect Nash equilibrium.

In contrast, in a case when the gap between the new and the old technolo-
gies is not very large, we have two types of equilibrium in which the economy
is never opened and the firms, along the equilibrium paths, never adopt the
new technology: 1) the two firms are very impatient; 2) the legal-political
costs of installing the new technology are very high.

Finally, we have two situations in which the economy is kept closed until
at least one of the domestic firms (the patient one) has totally installed the
new technology: 1) given that the gap between the two technologies is very
high, if the government is very patient and at least one of the domestic firms
is patient enough; 2) given that the gap between the technologies is not very
large, if at least one of the domestic firms is patient enough. (If both domestic
firms are patient enough, both of them adopt the new technology.)

Notice that in the situation in which the gap between the two technologies
is very large and the government and at least one of the domestic firms
is patient enough, we have two equilibria: 1) when the agents have bad
expectations and the firms do not adopt the new technology, and the economy
is opened at the outset; 2) when the agents have good expectations and at
least one firm—the patient one—adopts the new technology and the economy
is opened at t = n.

The case of the Mexican textile industry can be interpreted in terms of
our model if we consider that the legal and political costs of opening were too
high for a long period. In that case, regardless of the degree of impatience
of the government or firms, the firms chose not to adopt the new technology
as a unique strictly dominant strategy, and the government decided not to
open given that the gap between the old and the new technologies was not
large enough. Given that as time went by the gap increased, a moment
arrived when the gap was big enough for the government to lift protectionist
barriers, even though that would cause the bankruptcy of the domestic firms.
The same result would be obtained if the domestic firms were sufficiently
impatient even if the political and legal costs were not very high and the
government sufficiently patient, or if the government were too impatient.
Thus, the bad performance of the Mexican textile industry could be explained
either by the high legal and political costs of adopting the new technology,
by the short-term vision of the domestic firms, or by the short-term vision
of the government.



The different timing and pace of the opening up of the economy that Mex-
ico and Spain experienced from 1950 to 2000 could be interpreted in terms
of the model in the following way: Spain must have had more patient firms
and government and lower costs of opening up the economy than Mexico
had until 1985. The reason Mexico opened up so abruptly after 1985 must
have been either because the gap between the old and the new technologies
became too wide or because the government became suddenly too impatient.
In the Spanish case, the slow opening-up process, or temporary protection-
ism, allowed many firms to adopt new technologies and eventually become
able to compete (Carreras y Tafunell, 2004).

The rest of the paper is organized as follows. Section II lays down the
model. Section III discusses the results of the model. Section IV presents a
trivial generalization of the model and conjectures about the possible other
equilibria than those we find, if the firms are neither very impatient nor very
patient. Section V concludes. All proofs are given in the Appendix.

2 The model

The general setup.

Time is discrete, and the horizon is infinite. In the economy, at the outset,
there are two firms, one impatient and one patient, characterized by their
discount factors 0 < A7 < ' < 1, respectively. These two firms and the
government are the players of the game. The government has a discount
factor 0 < % < 1 and chooses the moment the economy opens (formal
definitions are coming). A foreign firm enters the market at the moment
the government opens the economy. That firm owns a new technology, more
advanced than the technology that the national firms own. This last actor
in the economy can be introduced as a player having a similar strategies’
space as the two national firms, which we define later. Nevertheless, after
the game is formalized and the results presented, the strategy of the foreign
firm will be transparent if it was introduced as a player, which introduction
will offer no substantial gains but only notational complications: As long
as the foreign firm has always positive benefits, if the government opens the
economy, its strategy is to enter the market. One comment: We suppose that
a firm can only face costs at each period if it sells strictly positive quantities,
implying that the credits are too expensive so that it is not possible for the
firms to buy the new technology. Another comment: Our model cannot be



thought of as a standard repeated game, as stage by stage the game’s pay-off
structure changes. At the outset of the game, the economy is closed and the
national firms do not have the new technology. However, depending upon
the conditions of the market, they will be able to buy the new technology,
according to the structure that we formalize below.

The Payoff Functions and Strategies

Informally, the game is such that, in each period ¢ > 0, the two national
firms choose to continue or not to continue with the technology used until
the moment they are making their decisions and compete & la Cournot in
each period. They will then maximize, at time zero, a discounted sum of the
time-period profits according to the costs and the corresponding discount
factors. We will define, then, an extensive game with perfect information
and simultaneous moves (Osborne and Rubinstein, 1994). Formally, the set
of players is {I, P, G}, where I stands for the impatient firm, P for the pa-
tient firm, and G for the government. Let the set {INV,T'} be the set of the
following actions: NN stands for the action "not to change the actual technol-
ogy", and T stands for the action "to change the actual technology.” That
is, if a firm i € {I, P} at t — 1 is facing costs according to some technology
(the foreign or the national one), if that firm at ¢ decides N, it means that
it has decided —for this period t—to continue with the technology that it
was using at ¢ — 1 and, logically, the action 7" means exactly the opposite.
The government at each ¢ > 0 decides to open or to close the economy. If
the economy is already opened, to choose open means, simply, that the econ-
omy for this period is also opened, and the analogous clarification applies
to the case when the economy is closed. Let us define the set A% = {C, O}
where C' means that the economy is closed and O means that the economy is

open. The general set of histories H then is given as follows. First we define
Af ={N,T} x {N,T}, A9 = {C,O} then

t=00
H = {o}u {(d,af) ’(a{,af) €Al x A9 t > O}. Now, given h =
=0

(a,)!= € H, we implicitly use the interpretation that, for any a;, = (a!, af’, a€)
the first coordinate of the tuple (a!,a’,af) is the action chosen by the
firm [ at period t and, similarly, the second coordinate is the action cho-
sen by the patient firm, and finally the decision of the government at that
period. The player function P : H — {I, P,G} is given by P(h) € {I, P,G}
for all h € H. Therefore, the set of strategies for the player i € {I, P}
is given by S* = S = {{sp}tcp|sn € {N,T},forallh € H } and, S¢ =
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{{sn}tper |sn € {C,0}, forall h € H }. As in any game, given a profile of
strategies (SI , st SG) € S x S x sY, this pair determines a path that is actu-
ally played, according to those strategies, of the form ((a{ ,af’ af ))zo, with
ai € {N,T} for all t > 0 (i € {I, P}), which in turn, logically, determines a
sequence of costs and periods of openness of the form (((C/, CF))52, (t1)i>0),
where C} is the cost faced by the firm ¢ € {I, P} at time ¢, and (;);>0 is
uniquely defined as follows: (#;);>1 is a nondecreasing sequence such that for
all [ > 1 such that, if [ is odd, then if ¢;,1 > t;, then for all t,,; >t > ¢,
we have that af = O, and if [ is even, then if #;,; > #;, then for all
tiy1 > t > t; we have that af = (. We use the following convention:
If t{ = oo, it is a path such that the economy is never opened, and if
ty =0 > t; for all [ > 1, then the economy is opened at ¢ = 0 and will
continue opened forever: We use the notation ¢; = t and ¢, = 0 for referring
to that situation in which the economy is opened at ¢ and continues open
forever. Let us denote by O((t;);>0) = {t > 0|t;41 >t > t;, [ odd} and sim-
ilarly C((t;);>0) = {t > 0|t;41 >t >t;, l is even}. Notice, more generally,
that if (¢;);>0 is a finite sequence, it means that the economy, from some
t > 0, is closed forever or opened forever. Now, if the profile of strategies
(sF)s1,59) € S x S x s“ is such that the corresponding associated sequence
of costs and periods of openness is given by (((C/, CF))2, (t)i>0), then the
payoff function of the firm 7 is given by

t C(%:) )(BZ)tﬂi(C§> Ci)+

% i . G\ _ S 1)i>0

T2 S e o en 2
teO((t1)1>0)

with i,j = I, P, where 7/(C{,C}) is the Cournot profit of firm i € {I, P}

at time ¢, if the respective costs for that period are C! and C} and with the

economy closed and, similarly, 7/(C?, C, CF) is the Cournot profit of firm i

at time ¢, if the national firms face C} and C’g and the foreign firm faces CF,

at periods with the economy opened.

We assume an inverse demand funtion p : R, — R, given by p(Q) =
max {a — @, 0}. Due to strictly technical reasons, and without loss of gener-
ality, we set 0 < a < 1.

For the government’s payoff we present two possible scenarios, one that we
call a consumer oriented government, and the other that we call a utilitarist
government.

A Consumer Oriented Government

11



Take a profile of strategies (s*, s?,5%) € S x S x S¢ such that the corre-
sponding associated sequence of costs and periods of openness are given by
(((cf,cF ))zo , (t1)1>0), then the payoff function of the consumer oriented
government is given by

s (goylerel o)’
2
HG( (SP7 sI, SG)) — teC((t1)i>0)

> (/SG)t(QTwwi»CF))Q

2
t€O((t1)i>o0)

where Qr(-) is the total quantity of the good in the market, and hence
2 (Qr(+))? is the consumer’s surplus at the corresponding period.

A Utilitarist Government

Take a profile of strategies (s, s!,s%) € S x S x S¢ and take the cor-
responding associated sequence of costs and periods of openness given by
(((C],CF)),2, ()=o), then the payoff function of the utilitarist govern-
ment, if 7 is the tariffs over the production of the foreign firm, is given by

(

(Qe(cF.ch)’ |+ | ¥ =(Ci.cl)
1€{I,P}

(Qr(Ci i, c™)’] +

T 1
N |—=

N[ —=

I%(s”, ', 59)) = Z (B%) <

teC((t)i>0) L L

Z 71(6;7 Otja CF) + TqF(CZ, Ctj7 CF)
_ie{I,P}

(2)

where ¢ (C?,C7,CT) is the Cournot quantity offered by the foreign firm and
5% € (0,1): At each t the term in the sum is simply the standard felicity
function of the society at that time used in welfare economics, that is, the
consumer’s surplus plus the profits of the firms.

\

Remark 1 We have chosen to express the utilitarian function of the gov-
ernment in terms of tariffs over the production of the foreign firm. How-
ever, all our results can be proven if instead of Tq¥(CE,C},CF) we write
7(¢"(CI,C7, CT))2, with minor quantitative changes in the formal conditions.
Thus, we have a better interpretation of the utilitarian function we propose:
Setting T = 1, the T(¢" (C?,CJ,CT))? is not another thing than the profits of
the foreign firm, so we may think that the foreign firm has decided to install
a plant in the country. In this last case, depending upon the society, there is

12
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no reason to treat a foreign firm in a different way than the domestic firms.
In other words, it is not necessary to interpret T as a measure of openness
and, from this last point of view, T = 1 is the most natural value for that
parameter.

Anyhow, one may want to search for the corresponding results when 7 = 0.
It is intuitive, on the other hand, that the results cannot be other than the
following: The economy is opened only if the gap between the technologies is
very large and the government is very impatient or both domestic firms are
very impatient. In order to not present a very large paper, we drop the formal
presentation of those results.

Alternatively, all our results may be interpreted as an analysis of the influ-
ence over a decision of a society of reinforcing or not reinforcing protection
of the three following factors: 1) the degree of patience of the agents; 2) the
gap between the technologies; and 3) the legal-political constraints.

In order to be able to evaluate the payoff functions on any history in H,
we need the following remark.

Remark 2 (payoffs’ valuation) If for a given profile of strategies (s’, s”, s%),

the corresponding sequences of costs ((01;1 Nor ))Zo 1s such that a firm i €
{I, P} produces no positive quantities (or, equivalently, if it does not have
positive time-period profits consistent with our assumptions over the costs
that we define below),* of the good for t > t for some t > 0, then, a) We
say that the corresponding firm shuts down and leaves the market at time
t = t; b) Similarly, if a profile of strategies (SI,SP,SG) 18 such that for a
firm i € {I, P}, the strategy s' prescribes at some t the adoption of the new
technology, but the time-period profits were zero when the new technology was
being adopted (we mean, from t on), then we say that the new technology is
not active for that firm, that is, the corresponding firm does not have the real
possibility to use the new technology, just because, in fact, it is not covering
the costs. Therefore, in this last situation, we assume that if the correspond-
ing firm decides once again to adopt the new technology in later periods, it
will have to face the costs from the last one that was paid. Notice, however,
both the definition in a) the assumption in b) are innocuous, implying no
economic assumptions. In a), clearly, being a definition. In b), the point
s given only in order to evaluate strategies—something unavoidable in prov-
ing the results—along histories in which the new technology was in principle

4See our lemma 1 in the Appendix.
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adopted, but it was not possible to cover the costs, nothing else. c¢) Finally,
if a firm has installed the new technology, but at some moment it decides to
use the old one, anyway, if it needs to use the new one later, it does not have
to pay again the costs of installing it.

Finally, when we say that a firm decides to use the new technology at a given
time t, we assume that at t it is paying the lower cost not paid until t.

The Costs

The firms may use the extant national technology, characterized by its
constant marginal cost CV in each period, or they may adopt the new foreign
technology, characterized by CF', which is the cost that the foreign firm that
owns it has to face. If the national firms want to adopt the new technology,
they still have to face not only C¥ but also some additional economic and
political constraints costs, which are described below.

o The economic costs

The extra economic costs are exogenously given and defined by a de-
creasing finite sequence C§, Cf,...,C¢ (Cy > Cyq forall 0 <t <n—1),
where Cy is a permanent cost that the national firm adopting the new
technology may have to pay to the owner of said technology. In this
way, we capture the idea that at the beginning the economic costs are
high but decrease over time until stabilizing at the level C¢, which
may represent the royalty paid to the owner of the foreign technology;
in any case, C; may be zero as well, which certainly is the simplest
case.” Hence, if at t = ¢ the new technology is adopted, the economic
costs paid by the firm from that moment are C;,;, = C¥ + C¢ for
all 0 < t < n, and the firm faces C¥ + C¢ from ¢t = t +n; that is,
C; = CF 4+ C¢ for all t > { +n. In other words, if the foreign tech-
nology is adopted at t = ¢, the sequence of costs that the firm faces is
given by (C);o,, where C; = CN for all 0 < ¢ < ¢, C; = C¥ + C¢_; for
allt <t <t+n—1,and Cy = CF + C¢ for all t >t + n.

The time length n is the number of periods that a national firm needs
to completely install the new technology, that is, the number of periods

® An alternative interpretation for the permanent cost C¢ can be given: The owner of
the technology is the person who produces it, and only this person. Therefore, Ct may
represent his profits, if we understand that he is selling not the new technology but the
strategic elements to use it. These elements cannot be produced by anyone but the owner;
thus, the buyer cannot develop that new technology.
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needed in order to have the new technology at its lower cost, which is
CF + C¢. Tt is reasonable to think of these costs as decreasing, since
normally installing a new technology causes some exceptional costs at
the beginning, but then the costs are lower. We assume that n > 0. If
n = 0, the two firms install the new technology at ¢ = 0, and there is no
trade-off between to install or not to install (provided the legal-political
costs are not too high; see the next point) the new technology.

e The legal-political constraint costs

We do not model the political process that leads to the assignment of
collective contracts that hindered the firms from adopting new tech-
nology. We simply assume the existence of some costs that are legally
imposed over a firm if it decides to adopt a foreign technology, whose
imposition is a consequence of conventions between unions and firms.
We call those costs political constraints costs, which are exogenously
given and defined by a possibly infinite sequence (C} )i:o (I < o00) —to
endogenize those costs is an issue itself, left for future research—. Each
C? represents the extra cost that the firm has to pay if it adopts the
new technology at time ¢, but once and for all, due to, for instance, the
fact that the firm may have to dismiss some workers who are not useful
anymore. These costs depend on negotiations between the firms, the
government, and the trade unions. The more powerful the trade unions
are, the larger these costs will be. It would be reasonable to assume
that those costs are increasing because as the gap between the domestic
and the foreign technology widens it is likely that more workers will be
redundant when the foreign technology is adopted. Nonetheless, with-
out that assumption, the model can be used to assess situations under
which those costs can become constant or even decreasing —at least
temporarily— as is the case in some countries in Europe, like Spain,
for example.

e Technical assumptions

Some fundamentals of the economy satisfy the following general condi-
tions:®

6Tn order to see the formal expresion from which we drew the assumptions’ interpre-
tations, we refer to the lemma 1 in the Appendix.
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Al CN <.

This is the minimal hypothesis to assume in order to make sensible the
maximization problem of the firms: It simply implies that it is possible to
produce positive quantities of the good.

A2 o CON < =2

This means that the foreign technology not only is more efficient than the
national one but also that the national one is not competitive, in the sense
that it can only produce zero quantities of the good if it competes face to
face with the foreign technology. Notice that A2 implies that C*" < CV.

A3 A3.1) CN < O +CF <aforall 0 <t <n—1; A3.2) “C% > Cs + OF,
and A3.3) €5t > ¢ - OF,

This assumption captures the following idea: The new technology is more
costly—but not too costly—than the national one at the beginning (A3.1), it
can be installed (A3.2) but, at some moment, once it is completely installed,
it becomes not only more efficient than the national one but also, if it is used
by the two national firms, it is capable of producing positive quantities even
when the economy is already opened (A3.3). Notice that A2 and A3.1 imply
that a — (Cf + CT) < % for all 0 <t < n —1 and, hence, we will have
it that the only way to survive, after the economy is opened, is to have the
new technology completely installed. Also, observe that A2 and A3.3 imply
that CN > C¢ 4+ CF.

Therefore, the extensive game with perfect information that resumes our
model is given by ' = <{1, PG}, H, P, (I"),_ {LP’G}>.

3 The Results

For the sake of the exposition, we first give the intuition of a result and then
we announce formally the corresponding theorem. In this section, no proofs
are presented. All formal proofs are given in the Appendix.

The first result responds to the following intuition. If the political con-
straints costs are too high—this is formally expressed by the condition a —
(C¢ + CF) < CF for all t > 0—the firms will never choose to adopt the
new technology, simply because they do not have the possibility to afford
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the initial costs of installing the new technology. If that is the case, there
are only two possible market structures at each time: A duopoly with the
two national firms with the old technology, or a monopoly with the foreign
firm. Depending on which of them is more efficient and therefore allows for
better welfare of the society, it will be the choice of the government. We have
then the following two possible equilibria:” a) If the old technology is too
inefficient in relation to the foreign technology, which is formally expressed
and quantified by the conditions 1(2=¢7)2 4 (=€7) > 4(a — C'V)? and if the
government is utilitarist (a similar condition is obtained if the government
is consumer oriented), then the economy is opened at ¢ = 0 and none of the
firms survives, this situation being a subgame perfect Nash equilibrium; b)
In the other case, that is, if the gap between the national and the foreign
technology is not too large, which is formally expressed and quantified by
the condition 5(a — CN)? > L(a — CF)? + ((CL}—CF)) and if the government
is utilitarist, and a similar condition appears if the government is consumer
oriented, then the economy is never opened, and both national firms never
adopt the new technology and survive forever, this situation also being a
subgame perfect Nash equilibrium. All of this is independent of the firms’
degree of impatience.

A very important result, and very intuitive, is that, given that the gap
between the technologies is very large, if we have a — (C§ + CT) < C? for
all t > 0 or both of the domestic firms are very impatient, the equilibrium
found is unique—the intuition of the uniqueness is quite clear: The firms
always choose never to adopt the new technology, which is a strictly dominant
strategy, and hence the government has a strictly dominant response to those
strategies, given the market structure. But, even if the political constraints
are favorable for the adoption of the new technology, if the government is too
impatient or the two domestic firms are very impatient, the same equilibria
appear, that is, depending upon the relation between the new and the old
technology, the government opens the economy at ¢ = 0, or never opens the
economy.

The degree of patience of the firms and the government also plays a
fundamental role in the appearance of the possible equilibria of the model.®

"Here and in the Appendix we assume that C¢ = 0, just for simplicity. Replacing the
condition C¢ = 0 for C¢ small enough (C¢ — 0), then all our results hold.

8 As will be clear from the proofs, for the equilibria in which the firms adopt the new
technolgy, it is necessary, in principle for them to have a high degree of patience. We
conjecture that it is possible to find an expresion of a limit value for the discount factor
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As we said in the introduction, in essence, what we obtain is the following:

There are four possible situations that display a type of equilibrium in
which the economy is opened at ¢ = 0 and none of the firms installs the
new technology, provided the gap between the new and the old technology
is very large: 1) the government is very impatient; 2) the two firms are very
impatient; 3) the legal-political costs of installing the new technology are too
high; and 4) bad expectations. The first three situations may be thought
of as causes, literally, since we obtain propositions of the form "if, then."
The fourth is another kind of proposition. It says, roughly, the following:
Provided that the gap between the technologies is very large, whatever is the
degree of patience of the agents and the legal-political costs, the situation
in which the economy is opened at the outset and both domestic firms go
bankrupt is a subgame perfect Nash equilibrium.

In contrast, when the gap between the new and the old technology is not
very large, we have two types of equilibria in which the economy is never
opened and the firms, along the equilibrium paths, never adopt the new
technology: 1) if the two firms are very impatient; 2) if the legal-political
costs of installing the new technology are very high.

Finally, we have two situations in which the economy is kept closed until
at least one of the domestic firms (the patient one) has totally installed the
new technology: 1) given that the gap between the two technologies is very
high, if the government is very patient and at least one of the domestic firms
is patient enough; 2) given that the gap between the technologies is not very
large (a stronger version of this statement), if at least one of the domestic
firms is patient enough. (If both domestic firms are patient enough, both of
them adopt the new technology.)

Notice that in the situation in which the gap between the two technolo-
gies is very large and the government and at least one of the domestic firms
is patient enough, we have two equilibria: 1) when in the economy the agents
have bad expectations, the firms do not adopt the new technology, and the
economy is opened at the outset; 2) when in the economy the agents have
good expectations, at least one firm—the patient one—adopts the new tech-
nology, and the economy is opened at ¢t = n.

In the case of the utilitarian function of the government, the equilibria
pass the renegotiation proof criterion trivially, since the very definition of that

such that from that value the firm is patient, otherwise impatient (see section 4.2). We
leave this for future research.
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utilitarian function entails that in each period the government is maximizing
the utility of all the agents, including the foreign firm.

In all the results that follow, when the condition a — (C§ + CT) < CP
for all £ > 0 is not required, it is implicit that the condition prevailing is
a—(C§+CF) > CF for all t > 0 —as we commented in due time, we do not
analyze the other situation in which none of the preceding conditions hold.

Formally:®

Theorem 1 Assume the government is utilitarist with T large enough (close
to one). Then:

(1.1) If CF < —=Z+a ( the new technology is very efficient) and £ (a—C*)*+
(#) > 3(a— CN)? (the gap between the domestic technology and the new
technology is very large), then:

(1.1.1) If the government is very impatient and the two national firms are
very patient, then there is a subgame perfect Nash equilibrium, given by
(s7,8%, %) = ({su(N, D }eg {su(N, 1)} e s€(0)), where, given

hy = ((al[,alp,alg));zo € H, sp,(N,1) prescribes to use the domestic technol-
ogy, unless the new technology can be totally installed at t+1 or, at t+2 (that
is, the firm has paid all the costs of the new technology but C¢, but CS_, and
C¢ and the economy is closed at t+1), and s©(0) is such that s¢(0) (hy) = O
for all hy = ((al], at’, af’))fzo
strategy.’

(1.1.2) If the government is very impatient and the two national firms are
very impatient, then ({sy(N,2)}cp » {sn(N,2)} e » 59(0)) is a subgame per-
fect Nash equilibrium, where {s,(N,2)}, .y prescribes to use the domestic
technology, unless the new technology can be totally installed at t + 1. Fur-
thermore, if a firm is very impatient, then {s,(N,2)}, .y is a strictly domi-
nant strateqy.

(1.1.3) If the government is very impatient and only one firm is very impa-
tient, then ({sn(N, 1)} e > {sn(N.2) }err » 59(0)) is a subgame perfect equi-
librium. {s,(N,1)},cp is adopted by the patient firm and {s,(N,2)}, o s
adopted by the impatient firm.

(1.1.4) If the two domestic firms are very impatient, but the government is
very patient, then ({sn(N,2)}ucp . {sn(N,2)} e - s€(0)) is a subgame per-
fect Nash equilibrium.

€ H. Furthermore, s(0) is a strictly dominant

9Recall that the market structure at the outset is that the two national firms have not
paid any cost of the new technology.
0Notice that if (CN,C*) — (a,0), the two conditons of this item are satisfied.
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(1.1.5) If a — (C§ + CF) < CF for all t > 0, then whatever be the degree of
patience of the agents, ({sn(N,2)} i {sn(N,2)} s, 59(0)) is a subgame
perfect equilibrium

(1.1.6) Whatever be the degree of impatience of the agents and the gap be-
tween the technologies and the legal-political costs, {sp(N,2)},cpy is a best
response of s°(0) and, reciprocally, s%(0) is a best response of {sn(N,2)},cn
— therefore, ({sh(N, 2) e s 150(N,2) Y e » SG(O)) is always a subgame per-
fect equilibrium.

(1.2) If 5(a— CN)2 > t(a— CF)? + (@) (the gap between the domestic
technology and the new technology is not too large), then :

(1.2.1) Whatever be the degree of patience of the government, if both of the do-
mestic firms are very impatient, then there is a subgame perfect Nash equilib-
rium, given by (s7,s",s%) = ({sn(N,2)}emr » {50 (N, 2) }cpr » $9(00)), where
{sn(N,2)},cpy is such that sp(N,2) = N, if h, = ((a{,alp,af))fzo € H is
such that the technology that was in use at t was the national one, unless
the new technology can be totally installed at t + 1, and s%(o00) is given by
s9(c0)(h) = O for all hy € H such that at least one of the domestic firms can
have the new technology totally installed at t + 1, otherwise s(c0)(h;) = C.
(1.2.2) If it happens that a — (C§+ CF) < CF for allt > 0 (the legal-political
costs are too high) then, whatever be the degree of impatience of the agents,
({sn(N,2) b e » {sn(N,2) }cr - $9(00)) is a subgame perfect equilibrium.

The following two comments are in order:

First, notice that when the gap between the technologies is very large, we
have presented equilibria for all the combinations of the degree of patience
of the agents, and in all those situations the economy is opened at the outset
and both domestic firms go bankrupt. Nevertheless, the different items reflect
the different possible causes of that situation. In the items (1.1.1)-(1.1.3),
the cause is the impatience of the government. In (1.1.4) the cause is the
impatience of the two domestic firms. In (1.1.5) the cause is that the legal-
political costs are very large. However, item (1.1.6) is a very striking one:
Even in the case when the firms and the government are very patient, that
situation may be an equilibrium, in which the economy is opened at the
outset and both domestic firms shut down. It represents a clear example
of a sentence of the type “bad expectations may cause bad outcomes.”It is
pertinent to wonder if there is in our model also an example of the other
type of sentence: “Good expectations may cause good outcomes.” Theorem
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3 below says that this is the case, that is, if the two domestic firms (or
only one) and the government are very patient, even if the gap between
the two technologies is very large —in fact, whatever be that gap— the
economy is only opened after the two (or only one) domestic firms have
the new technology totally installed, and the welfare of the society, after
that moment (¢ = n), is better than when the economy is never opened. In
theorem 3 we also present the other possible equilibria of the model. Because
of expositional reasons, we present those results separately.

Second, notice that when the gap between the technologies is not very
large, we have found equilibria for all the combinations of the degree of the
agents, but the cases when the government is either patient or impatient and
at least one of the domestic is patient enough. As before, the results for
those cases are shown separately in theorem 3. Essentially, we will obtain
the result that, if there is patience, the economy is opened once the domestic
patient firms have totally installed the new technology.

We obtain similar result if the government is consumer oriented.

Theorem 2 Assume the government is consumer oriented. Then, if in the-
orem 1 we replace the condition g(a — C*)* + (#) > S(a— CN)? (the
gap between the domestic technology and the new technology is very large) for
$(a—CF)?* > 5(a—C™)? and the condition %(a—C’FV—i—(#) < 3(a—CN)?
(the gap between the domestic technology and the new technology is not very
large), the same equilibria as in theorem 1 exist.

For future reference, when we say the item (2.1) or (2.2) (or also, (2.1.1),
etc.), we will be referring to the analogous result to the one in theorem 1.
For instance, when we say the item (2.1.1), we are referring to the equilib-
rium (s, s, 5%) = ({su(N, 1)} e {50 (N, 1) }cpr - s€(0)), in the case of the
consumer oriented government, the one obtained in the item (1.1.1), in the
case of theorem 1.

Some comments are in order.

In all the results given so far, both firms essentially choose the same
strategy, in which they do not adopt the new technology. In (1.1) and (2.1),
the economy is operating with an efficient technology, at the cost of hav-
ing the domestic industry shutting down. In (1.2) and (2.2), the economy
has two national firms operating forever, at the cost of having an inefficient
technology but perhaps not too inefficient.

The last results of this paper are the equilibria found when the government
is very patient, and at most only one firm is very patient.
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As one may have expected, the firms’ strategies are not the same in all
situations. That is, a patient firm has a different strategy if the other firm is
an impatient one than if the other firm is a patient one. When both firms are
patient, both decides on the same strategy, which is, roughly, as follows: A
firm adopts the new technology at ¢ + 1 only if it has paid at least the same
number of costs of the new technology as the other firm, otherwise it adopts
the old technology. In the second situation, when only one is a patient firm,
that one always decides to adopt the new technology, and the impatient firm
never adopts the new technology unless at ¢t + 1 that firm can have totally
installed the new technology, that is, it adopts {ss(N,2)},,cp-

Formally. Given h = (q;)!Z} € H, denoting by ((Cf,CF)!Z, the corre-
sponding costs paid by the firms, define the set
Jk <, such that, a] = C
Ci=Cf+CP+Crifl=0

Cp=Cf +C"if 1 # 0 and
i (Cy, CY) > 0.

C(i, h) = |p(i, h)| its cardinality. Simply, C'(i, h) is the number of costs of the
new technology that the firm ¢ has indeed paid along the history h (notice
that if even the economy is closed, the other domestic firm may have had the
new technology totally installed before ). We define {s,(7,1)},., as fol-
lows: If h € H is such that C(i,h) = n or C(i,h) < n and C(i,h) > C(j,h),
with j # i, then s, (7, 1) = T if the technology used at t was the old one, and
sp(T,1) = N if the technology used at t was the new one; but, if C(i,h) < n
and C(i,h) < C(j,h), then s,(7T,1) = N if the technology used at ¢ was the
old one, and s,(T,1) = T if the technology used at ¢ was the new one.

On the other hand, define {s,(7’,2)},. as follows: s;,(7,2) = T if the
technology used at ¢ was the old one, otherwise s,(T,2) = N.

The theorem.

o(i,h)=<1€{0,..,n—1} and let

Theorem 3 Assume that the government is utilitarist with T close to one,
or it is consumers oriented. Then:

3.1) Assume that the gap between the technologies is very large, the gov-
ernment and both domestic firms are patient enough, then, (s¥,s! s%) =
({su(T. D) }yemr » {sn(T, 1) } i » s€(n)) is a subgame perfect equilibrium where,
given h = ((a{,&lp,af));zo € H, s%(n)(h) = C if none of the firms can have
the new technology totally installed at t + 1, otherwise s¢(n)(h) = O.

3.2) Assume that the gap between the technologies is very large, the govern-

ment is patient enough, one firm is patient enough (P) and the other is very
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impatient (1), then (s, s',s%) = (({sn(T,2)} e {50 (N, 2)} i » s (1)) s
a subgame perfect equilibrium.

8.8) Assume that 5(a — (CF + C§))? > t(a — CF)? + ((a*—fF)) if the gov-
ernment is utilitarist or 5(a — (CF + C§))* > g(a — CF)? if the govern-
ment is consumer oriented ( a stronger wversion of "the gap between the
technologies is mot very large" ), the government is either patient or im-
patient, and both domestic firms are patient enough, then (st s’ s%) =
({sn(T, 1)} e » {sn(T D) }pepr » s€(n)) is a subgame perfect equilibrium.
8.4) Assume that 5(a — (CF + C§))? > L(a — CF)? + ((a*—fF)) if the gov-
ernment is utilitarist, or 5(a — (C* + C§))? > g(a — CF)* if the govern-
ment is consumer oriented ( the strongest wversion of "the gap between the
technologies is not very large” ), the government is either patient or impa-
tient, one firm is patient enough (P) and the other is very impatient (I),
and the gap between the technologies is not very large, then (st s?,s%) =
({n(T,2)}perr » {n(N,2)} e » 89(n)) is a subgame perfect equilibrium.

Notice that in the items (3.1) and (3.2) of theorem 3 there are not any
assumptions over the relative efficiency between the technologies. That is,
those results hold both assuming that the gap is too large and assuming the
contrary. Also, notice the sharp contrast between the results in the items
(3.3) and (3.4) of theorem 3 and the items (1.2.1) and (2.2.1) of theorems
1 and 2: In the first ones, after the adoption of the new technology of the
patient firm, the economy is opened, and in the second set of items, the
economy is closed and none of the firms has adopted the new technology, so
that, after ¢ = n, in the first situation the economy is in a better welfare
situation than in the second situation: Indeed, in the first situation, there
are in the market, after ¢ = n, three firms with the new technology, and in
the second situation there are only two firms with the old technology.

Finally, notice that, except for non-extreme values of the discount factors,
we have shown equilibria for all the possible situations. That is, we have
shown equilibria for all the possible combinations among the extreme values
of the parameters—very large, or very low— the condition over the relative
efficiency between the technologies, and the two extreme situations in relation
to the legal-political costs.

In principle, we expect that other equilibria may exist. In the next section,
we comment with more detail on the possible existence of other equilibria.
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4 Generalizations and other possible equilib-
ria
4.1 Generalizations

We have explicitly chosen to show how the model works if we assume that in
each period the firms compete & la Cournot under the simplest situation in
which the inverse demand function is linear. Also, concomitantly with that
setup, we expressed in quantitative terms some conditions that are in essence
qualitative conditions, namely: "the gap between the new technology and
the old one is very large," "the new technology is very efficient," "the legal-
political costs are too high," and others. It is intuitive, and clear from the
proofs, that all those quantitative expressions may be replaced by qualitative
ones consistently chosen with a more general setup in relation to the type of
the firms’ competition in each period. The three fundamental requirements
to make in relation to the market structure are the following: 1) For the
firms it is not good—lower profits—if more firms enter the market; 2) New
inversions make present profits to decrease but increase future profits; 3) If a
firm enters the market with a much better technology than the another firm
is using, without new inversions the latter firm will have to shut down.

Also, due to this trivial generalization in relation to the firms and the
structure of the market, we may generalize even more about the instan-
taneous utility function of the government. The two key requirements for
that utility function are the following: 1) The larger the number of firms
competing in the market, the larger is the society’s instantaneous utility; 2)
The better is the technology used in the industry, the larger is the society’s
instantaneous utility.

Once we assume those requirements, we will obtain the equilibria with our
explicit assumptions, that is, depending upon the agents’ degree of patience,
the gap between the new technology and the domestic one, and the legal-
political costs, the economy is opened or not, the government protects or not,
and the firms adopt the new technology or not.

4.2 Other possible equilibria

As noted in the final remark of the last section, our results assume extreme
values of the discount factors, that is, very close to one, or very close to zero.
On the other hand, we assume relative efficiency between the technologies,
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extreme conditions, that is, the gap is very large or is not very large, but
assuming strict inequalities. Given the assumed conditions, we have made
an exhaustive analysis, as noted in due time.

Nevertheless, some issues in relation to the appearance of other equilibria
are open.

We are not sure about what the result could be if we allowed for interme-
diate values of the agents’ discount factors. We have the intuition that the
payofts both for the firms and the government are monotonic, in the sense
that a limit value may exists for the discount factors such that above the
given value the strategy is one (the agent very patient), and below the given
value the strategy is another thing (the agent is very impatient), given the
conditions of the game and the strategies of the other agents. That is, we
conjecture that the classification of the agents as very patient and very im-
patient is binary. Also, the issue is open of what we would be the results if
we allowed for equality over the relative efficiency between the technologies.

Also, we recall that in relation to the legal-political restrictions we as-
sumed two extreme expressions, which are a — (C§ + C*) > C? for all t > 0
and a — (C§ + CF) < C? for all t > 0.

Finally, even with the conditions assumed, is still an issue the uniqueness
of the equilibria under the assumed conditions.

We leave the study of these issues for future research.

5 Conclusions

The model developed in this paper offers a new point of view on the is-
sue of temporary protectionism. In a similar way to Staiger and Tabellini
(1987), Matsuyama ( 1990), and Tornell (1991), we ask if temporary pro-
tection could be time consistent and induce firms to modernize and become
capable to eventually compete internationally, but in contrast with those pa-
pers we find that temporary protection can be not only time consistent but
also part of a subgame perfect strategy. Additionally, we offer new reasons
why a government may decide to open or not open the economy and when.
The key variables to the model are the degree of patience of the firms and
of the government, the gap between the domestic and foreign technologies,
the political and economic costs of adopting the new technologies, and the
expectations. As expected, if the political and economic costs of opening
the economy are too high, firms never adopt the new technology, and an
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impatient government will not open the economy until the gap between the
domestic and foreign technologies becomes very large. On the other hand,
even if the gap is large, a patient government may decide to give firms time to
modernize. If the firms are patient enough, they will invest in new technol-
ogy and take advantage of this time to become competitive. However if the
firms are impatient, they will never modernize, independent of government
behavior. Finally, bad expectations may cause a bad equilibrium, in which
the economy is opened at the outset and widespread bankruptcies follow.

The case of the Mexican textile industry described in the introduction
becomes intelligible with this model. Long-term protection was useless to
developing a competitive industry because a combination of high political
and economic costs to modernizing and a high degree of firm impatience,
did not allow firms to adopt new technologies. Apparently, the impatient
government opened up the economy suddenly when the gap between the
domestic and new technologies was too big, and at that moment a large
number of those firms went bankrupt. However, the model does not consider
this as the only possible consequence of protectionism. Lower political and
economic costs combined with more patience on the part of firms could have
produced firms that could have competed internationally once the economy
was opened up, a result that contrasts with those of Tornell (1991). We
give in this paper an answer to the contrast between the Spanish and the
Mexican opening up of their economies, both in terms of their timing and
of their consequences, and suggest the need of more empirical studies on
the comparison of the different degrees of success or failure of temporary
protectionism.

Finally, as a by-product the model represents a theoretical and formal
example of the following well-known idea: The degree of patience may be
the key variable to development, as commented on the end of section 3.

6 Appendix

First, we recall some well-known results in relation to Cournot Competence.

Lemma 1 Suppose that the inverse demand function is given by P(Q) =
a— Q. Then

a) If there are two firms facing constant marginal costs C* and C? that com-
pete a la Cournot, and a — C* > 0 for i = 1,2, then if (¢',¢*) denotes the
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Nash equilibrium, we have
o (qk)ke{l_,2} -
{ ¢ =22CEE ifa— C' > =E forid,j e {1,2}, i #,j
¢ =L,¢ =0, ifa—CI <= fori,je{l,2},i#,j

and the Cournot profits of the firmi € {1,2,3} are given by 7(C", C?) = (¢')
fori=1,2; and

b) If there are three firms facing constant marginal costs C* with i = 1,2 and
3 that compete d la Cournot, then if (qk) denotes a Nash equilibrium,

we have that

ke{1,2,3}

k —
. , (q )k€{1,2,3} -
( ' a—3C’Z+Z:_CJ ) j
qz:%@‘fa_02>Z(“_gc),fori€{1,2,3}
J#i .
) [ d=0, ¢ =2 a0t < 5 /
J#i
) a—Ck . . :
and a — C7 > TC for j, k€ {1,2,3} \ {i}, j # k, i€{1,2,3}
{qi ==L @ =0 forj#i, if 5= >a—C7 forj# %}
\ 1€{1,2,3}

the Cournot profits of the firm i € {1,2,3} are given by w(C",C~) = (¢')*.

Proof: Routine and omitted.

For all the proofs we will use the one-stage deviation principle for discrete-
infinite-horizon games (theorem 4.2, in Fudenberg and Tirole (2002)). As we
comment in due time, our game, as far as we can see, cannot be thought of
as a repeated game and thus no techniques used in those types of games are
applicable.

We will prove in detail all the results, especially those that we think are
clear from the preceding arguments. Also, in order to make the exposition as
short as possible, all the items of theorems 1 and 2 are proven, when possible,
in one shot. That is, as we are making the arguments, we will be pointing out
when an argument applies to another item and then when the corresponding
result is proven. Only the most obvious proofs are dropped. We do it in
that manner because arguments are common. Only theorem 3 is a little bit
different, mainly because at least one domestic firm, a patient one, adopts
the new technology, and the government is patient enough to give time to a
patient firm to adopt the new technology.

1 Proof of theorems 1 and 2
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Following Osborne and Rubinstein (1994), we introduce the following
notation. Given the extensive game form with perfect information I' =

({1 P.G} H. P, (1) ey py ) if

h=((af.af af));_, € H, then (k) = ({1, P,G}, H|y, P|.(I0]3),c(r py )

will denote the subgame of T that follows the history A, Where HlJ; is the

set of sequences h' of actions for which (ﬁ, h') € H, }3‘~ is defined by
h

P)E (W) = P(h,}) for each h' € H|; and IT’|; is defined by A’ is at least

as good as h' if and only if (h, /) is as good as (h,h"). Similarly, given a
strategy s, s|; will denote the strategy that s induces in the subgame T'(h),
that is, s|; (b') = s (l~1, h’) for each b’ € HJ;.

With this notation in place, we proceed to present the proofs. From now
on, we assume C; = 0.

In what follows, in order to take into account the initial history h = 0,
one may think that the game started at t = —1, but at that time there are
no alternative decisions: The economy is closed, the firms are using the old
technology, and that situation is taken as given.

First, the firms.

1.1.F Suppose that the government is too impatient.
Essentially, the same proof applies for all the items ((1.1.1.)-(1.1.6),
(2.1.1)-(2.1.6)). To fix ideas,
consider (s!,s”,s%) = ({sn(N,D}cp > {sn(N, 1) }yepy »59(0)).  From
now on, we use the notation {s,(N, 1)}, ; = {sn(N,1)},cy for i €
{I, P}. The intuition is the following: In all the situations in the re-
sults previously cited, the domestic firms either do not have time to
install the new technology or at most they have two chances to do it,
and then they will never adopt it if they need more than two periods, or
they do not have incentives to invest due to their degree of impatience.
Formally, we will prove that {s!(N,1)} hep 18 such that, for any heH,
{sn(NV, )}heH|h is a best response to (s, SG)}E fori # 5 € {I, P}.
Take h = ((al ,al’, alG))tZO such that, for the firm ¢, the new technol-
ogy can neither be totally installed at ¢ + 1 nor at ¢ + 2 and con-
sider the payoffs IT°((s?,s7, s H and II' ({8} },c s> (57, 9)]; )|h,
where 5 = {sh}heH is such that 5, = s,(N,1) for all h # h and 8; #
s7(N,1). Then, s’ prescribes, given (s s G ! 7, to adopt the old tech—
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nology for all I > ¢+ 1 and & = {3, },_j prescribes, given (s”,
to adopt the new technology at ¢t 4+ 1, but to adopt the old one for
all [ > t + 2, because, as the government opens the economy at all
[>t+1 along both game paths, the one defined by (s!, s, s¢) and the
one defined by (57, s”, s%), the firm i has neither time to install the new
technology with (s’, sP G) nor with (37, s?,s%), and hence we have,
for i € {1, P},I1((s", 7, s7)|;];) = T ( {gh}hGH}h, s, 59)];)]; = 0,
since, by A1-A3, that ﬁrm i shuts down at t + 1. Notice that the same
reasoning applies if we consider {s},(N,2)}, ; instead of {s},(N, 1)}, -
If / is such that the new technology can be totally installed at ¢+1, the
reasoning is simpler: 3 prescribes to use the old technology at ¢ + 1,
but the new technology for all [ >t 4 2.

Thus (T((s% 5%, 59) ) = T ({8 el - (7,593 [5) (874 =

(7‘-3%1( (5 ) S 7SG)|}”L) - 7Tt+1 <{§;z}heH|iL ) (3]7 SG) |ﬁ)) where

T (s, 87,59)|;) is the Cournot profit of the firm i at ¢ + 1 using the
technology according to s’, that is, the old technology, and an analo-
gous definition applies to 7}, ({8}, },cp]; » (s7,59);) but using the new
technology not totally installed (the firm j is using the same technology
in both situations, either with {s},(N,1)}, 5 or with {s,(N,2)}, ),
thus ( (s',s7,59)]; { — I ({8}, }pepr » (57, SG){E)|B>, since the new
technology, once it is totally installed, is more efficient than the old one,
due to A1-A3.

Finally, given s“, the case when the new technology can be totally
installed at ¢ + 2 but not at ¢ + 1 is not a possible equilibrium path,
since the government never keeps the economy closed, and hence there
is nothing to prove.

Notice that we have shown that {s},(N,1)}, 1s such that, for any h €
H, {su(N, )}h6H|h is a best response to (s’, s }h for i 74 j €A{l, P},

independently of the conditions of the degree of patience of the firms,
that is, the optimality of the firms’ strategies for the items (1.1.1)-
(1.1.3) and (1.1.6) is proven. Nevertheless, notice that from what we
have done, it follows at once that if a domestic firm is very impatient
or the legal-political costs are very large, it has a dominant strategy,
namely {s},(N, 1)}, p, and hence that optimality for the items (1.1.4)
and (2.1.5) is also proven. Therefore, due to these last comments and
remarks 3-6, the proof is done.

P G|h’
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1.1.G The government
As for the case of the firms, the same proof applies for all the items
((1.1.1.)-(1.1.6), and (2.1.1)-(2.1.6)). To fix ideas, consider (s, s”,s%) =

({sh(N,1)}h€H,{sh(N,1)}h€H,s (0)). We will prove that {sh }heH,

for any h € H, {s5(0) We have

is a best response to (s', s7)|; .

}heH 7’

two situations: a) If h = ((alI, al’, af ))l , 18 such that none of the firms

can have totally installed the new technology at ¢+ 1; b) If at least one
can. )
a) Take h = ((af ,af , af ));0 such that none of the firms can have to-

tally installed the new technology at ¢ + 1. Since s¢(0)(h) = O, then
59(h) = C.

A priori, we have two cases, the first if for one or two domestic firms it
happens that at ¢t + 2 the new technology can be totally installed, the
other if none of them can. Clearly, if we were considering
({sn(N,2)}cr » {sn(N,2)}), neither case would be a possible equilib-
rium path, nor a possible alternative path, and therefore we have noth-
ing to prove.

In the former case, when the two domestic firms can install the new
technology (if only one can, the inequality between the Cournot profits
at t+1 is lower than in the previous case, but anyhow is positive) at t+2,
both domestic firms react to §G(iz) adopting the new technology for all
[ > t+1, independently of what the government does at that period —
but the government opens the economy at t42 —and then we have that

<HG((SG7SI7SP)}E} HG({Sg}heH‘E’ (s, SP){ )‘ )(5G) (t+1)
{hlesgy  r(e=)} -
L[2a— (O + Co))* + 2 [Ha— (Coy + CT))]*} and then

lim (T, 57, 7)) - G({gg}heH‘”(s sM)[3)|) 89

(87,7)=(0,1) h
(a2 4 ()} -

{% [2(a - (CF +Ce )}2 +2[3(a—(CF+ C’gfl)f}.Hence

i (1 ) = 0 (5 D)) 090 >

0if L(a — CF)? + (“*TC’) > da— 0Ny,
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since 3(a—C™N)? > {% [2(a— (CT + C’ﬁ,l)f +2[3(a—(CT + Cfl,l)]Z},
due to A1-A3.
Then,

Jim (T 573 ) = T ({56 e
0. This case is proven.

(s',57)]; )| ) (8%)7 040 >

Remark 3 The case of the consumer-oriented government. Here we have

tim (109((sC, 5", 5[ ];) = € ({55}, (5787 5) | ) (850 =

BP—0
{aee) - {%[ (e CLul T} =ta-omp - on
Then, if £(a — )—% CN)? > 0, we have (a — C*)?

—2(a — (C’F +C¢_1))? > 0. This remark is in order to prove (2.1) in the
theorem 2.

Remark 4 Notice that the condition 3¢ being small enough in the two previ-
ous reasonings is unavoidable, so that if the government is very patient, either
utilitarist or consumer-oriented it is optimal for it to close the economy at
t + 1 if none of the firms can have the new technology totally installed until
t+ 1, but at least one can install it at t +2. However, as we will see in what
follows, here is the unique step at which the impatience of the government is
necessary, as a response to {sp(N,1)}, ;. As commented before, if we con-
sider ({sn(N,2)}emr > {sn(IN,2)}) instead of ({sn(N,1)} i {sn(N,1)}) or
({su(N, 1) }err » {sn(N,2)}), we do not need to assume the impatience of the
government at the previous step, since according to {sp(N,2)}, ey the firms
only adopt the new technology if at the next period is totally installed. Thus,
the items ((1.1.4)-(1.1.6)) and ((2.1.4)-(2.1.6)) will be done after the next
steps.

In the other case, when none of the firms can totally install the new tech-
nology at ¢ + 2, both firms react to 5“(h) using the old technology, the same

reaction to SG(O)(B).
Then, lim (HG(( sP);|-) — ¢ ({gg}hEH . (SI’SPME) ’h> (89)~(+D) =
i ({3 4 §F>>“’} - {1 Ba- oM +2 [ - V) =

( ( > 0 for all 3 € (0,1]. Then,

( (a—CF)? 4 (5
e ((s%,s", ") ]5) — HG({Eg}hGHB,(SI,SP)‘E)‘E>Of0r all B € (0, 1].

7

(a— C’F)z éa_cN

\_/

31



Remark 5 The case of the consumers-oriented government. Now we have
<HG((SG’SI7SP)|E|~ 16 ({gg}heH‘ﬁ’ (s, 8P)| )‘ > (86)~0+1) =
({ae2r = {3 Bta = 0MP*}) = da- 07 = jla= > 0 foral

Y € (0,1]. This remark is in order to prove theorem 2.

Notice that in the last two reasonings the condition that 3¢ be small
enough is not necessary.

The case (a) is concluded.

b) Now, to end the proof, take h = ((af,af , af ));0 such that one or two
of the national firms can have totally installed the new technology at t 4 1.
Once again, we have that s%(0)(h) = O, then 3%(h) = C. We will show first
the reasoning for the situation in which both domestic firms can have totally
installed the new technology at ¢t + 1. In this situation, none of the firms
change their strategy, that is, they continue with the new technology forever,
and then we have

lim (TO((, 57 57) 3 ) = T ({87} |- (57,73 )| ) (87040 =
[33e=E)2 42ty 4 0] - (430 - C))? +2(3(a - CF))] =
—a=a? + 144aCF — ITC’ Ta—30F =

(a—C'F)(A—l1 — m=(a—CT)). he roots of the polynomial (a — C*) (3 — 3= (a—
CF)) in CF are {CF =a} and {C¥ = —2 + a}, therefore, we have that

llm (HG(( ,stsP) ‘E‘E ({§f}h€H L (s, sP); ) )(BG) ) > 0 if

and only if CF < —% + a. The case is done.
One comment here is in order.
Notice that

lim (19((sC, 57, 5)3]) = 10 ({35}, (5725705 |) (89000 =
(30 o }—{5[5} +2[3]°}) (4= C™)2(3 ~ &) < 0. Therefore, i

is necessary to impose 7 close to one for the proposed strategy to be optimal.

Remark 6 Suppose that the government is consumer-oriented and take h =
(a1)j—o such that both national firms can have totally installed the new tech-
nology at t + 1. As before, we have that s“(0)(h) = O, then ~G(h) = C.

tence (19((5, o))~ 1 ({65, (1)) (5970
[l(3w+th)>2] - [l(%(a - CF))Q] = %(a - CF)Q(% — %) > 0. This remark is

2 2
i order to prove theorem 2.
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It remains to show when only one of the domestic firms can have to-
tally installed the new technology at t + 1. We have again that s%(0)(h) =
0, 59(h) = C, and even if the other firm can have totally installed the
new technology at ¢ + 2, none of the firms changes its strategy from [ >
t + 2 and one is having the new technology totally installed and the other
does use the old technology—the firm that may have totally installed the
new technology cannot do it, even having the economy closed, and the
other domestic firm has the new technology totally installed at ¢t + 1—, so
(HG((SG, SI’SP)|E|E) _ 1T <{§}Cl;}h€H . (SI,SP)}B) ‘E) (BG)_(H_D —

(3G (a = OF)2 4 ()2 4 7100y — (42 4 (=L7)2), since after
t + 2 the two game paths coincide.
We have that

l{q (HG((SG751’SP)‘E‘]~1> 1T ({gg}hGH . (SI’SP)‘B) ‘;) (BG)—(t+1) _

a—CF a—CF a—CF a—CF
(GG (a = CM)? + (570 + 57 — G + () = —5pa” +
LaCt — LC* 4 la—1CF = La—CF)(1- =) > 0, since (1 - =) > 0
—recall that a < 1—because the firm that cannot have totally installed

the new technology at ¢ + 1 shuts down due to the fact that the other firm
is much more efficient (it has C'* as its marginal costs). Hence, we have

(st s il3) = 10 ({35 | 5725™)]; )| ) (3)704) > 0 for al

h

7 large enough. Thus, the case is proven. Notice how important it is, for
the firm that can have the new technology totally installed at ¢t + 1, that the
other firm can have the new technology totally installed at ¢ + 1.

Remark 7 Suppose that the government is consumer-oriented and take h =
(a1)i—o such that only one of the domestic firms can have totally installed the
new technology at t+1. As before, we have that s¢(0)(h) = O, then 39(h) =

€. Hence (19((s°, 5", s")[; ;) = I ({557}, | (57 7)[3) | ) (850 =

(BS)" V(L (2(a — CT))?) — (%(‘FTCF))Q) > 0, if C¢ is small enough, as in
the preceding reasoning. This remark is in order to prove theorem 2.

As commented in due time, all the remarks in this section but 4, are in
order to prove item (2.1) of theorem 2. Also, as the impatience of either the
firms or the government only was necessary when considering
{sn(V, 1) }cp » {sn(IN, 1)}, the proof of items (1.1) and (2.1) of theorems 1
and 2 is done.

33



1.2 The proofs of (1.2) and (2.2).

1.2.F First, the firms. Consider (s, s”,s%) =

({sn(N,2)}emr - {50 (N, 2)}cpr » s€(00)). As we will see, the arguments
here are similar to the ones in the case when the economy is opened
at the outset. Nevertheless, in order to reinforce those intuitions and
to clearly show how the firms’ impatience is a necessary condition, we
present the following reasoning. We will prove that {s}(N,2)}, , is
such that, for any h € H, {su(N, 2)}heH‘ﬁ is the best response to
(s7,5%) |hforz’7éj€{l P}.

Take h = ((al al’ af )) such that, for the firm 4, the new technology
cannot be totally 1nsta11ed at t-+1. Consider the payoffs IT( (s, s7, s } }
and I ({3} },cp|5 (57, 59)]; !h, where §" = {3, },_p is such that &}, =
sp(N,2) for all h # h and . # s;(N,1). We have that s’ pre-

scribes, given (s?,s%) }h, to adopt the old technology for all [ >t + 1.
§" = {8},},,c,y prescribes, given (s”,5%)|., to adopt the new technology
at t + 1, but the old technology for all l > t + 2, if the new technol-
ogy cannot be totally installed at ¢ + 2, and the new technology for
all I > t + 2, in the other case. Whatever be the situation, we have
(Hi((sia Sja 30)‘]}‘;}) —Ir (gzﬂeH’}} ) <3ja SG)‘B) ‘E)(BZ)_(H_'I) -

(7‘-3%1( (sza Sja SG)‘}”L) B 7T§+1 <{§z}heH|B ’ (3]7 SG)|}~L))aS BZ - 07

where m ;((s', s/, s%)|;) is the Cournot profit of the firm i at £+ 1 us-
ing the technology according to s*, that is, the old technology, and an
analogous definition applies to i, ({5} },c x| i (87, s9)| ﬁ) but using
the new technology not totally installed. Now, if the firm j # i can
have the new technology totally installed at ¢ 4 1, the economy is open
at t+1, then 7T§+1((sl,sj,sG)|ﬁ) =i ({Sh}heH‘h’ s SG)‘ ) =0.1In
the other case, the economy is closed, because none of the firms can have
the new technology totally installed at ¢ 4 1, then 7}, ((s', s7,s%)|;) >

Ty ({5}'1},16}1‘;1, (s7,59)];), since the old technology is more efficient

h
than the new one, if that new technology is not totally installed (due to
A1-A3). In any case (IT’((s', 87, s H — I (8 ey s s (87, SG)|h)|E) >
0.

Now, take h = ((al ,al’, af))l such that, for the firm ¢, the new tech-
nology can be totally 1nstalled at t + 1 . This case, as in (1.1.F), is
quite intuitive, since the new technology, once it is totally installed, it
is more efficient than the old one, providing more Cournot benefits (the
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other firm does not change its strategy if it can have the new technol-
ogy totally installed, nor if it cannot).
The optimality of the firms’ strategies is finished.

1.2.G The government

Take h = ((af ,af ,af ))z , such that at least one of the firms can have

the new technology totally installed at ¢ 4+ 1. Since s%(c0)(h) = O, then
59(h) = C, but the government, as with s¢(oc), will open the economy for
all [ > t+ 2. Then, assumed that 7 is large enough or that the government is
consumer-oriented, due to the same reasonings done before, the case is done
(the society is better off when there is one more firm in the market).
Assume now that none of the domestic firms can have the new technology
totally installed at t + 1. Since s¢(c0)(h) = C, then 3%(h) = O, but the
government, as with SG( ), will close the economy for all [ > ¢ + 2. Then

lin (5) DO, 575 3) = T ({38 e > (572 5)i) ) =

ty |{ |4 (2%) +2 (@) 1} - (s s reg}] -

Ha—CN)? —t(a—CF)? - (@%m) > 0, by assumption.

Remark 8 If the government is consumer-oriented,

we have (8°)- (TG ( (6, 87, 57): ) — IO ({gf}heH‘h, (sfjsP)‘;L) ‘E) =

2
{ {% (2(%301“) +2 ((%TCN» ] } - {%(@)2} > 0, by assumption.

Theorems 1 and 2 are proven.

3 Proof of theorem 3.
Without loss of generality, we assume that the legal-political costs are
zero. (Recall that we are assuming that they are not very large.)

3.1 First consider (s¥, s, 5%) = (({sn(T, 1)} cpr» {sn(T: D) }yepr - s€(n)).

3.1.F The firms. We will prove that {s;(7’, 1)}, is such that, for any h €
H, {su(T,1)},,cpr|; is the best response to (s/, s7)|; fori # j € {I, P}.
We have three possible situations: a) If h € H is such that C(3, h) =n;
b) If h € H is such that C(i,h) > C(j,h) and C(i,h) <n;c)If he H
is such that C'(i,h) < C(j,h) and C(i,h) <n
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a) Take h € H such that C(i,h) = n for i € {I, P}. Suppose first that
C(i,h) = n. Then, s;(7,1) prescribes to use the new technology at
t + 1 and that technology is totally installed at t + 1. As in other sit-
uations analyzed before, this decision gives to the firm ¢ more benefits
than any other decision. This case is done.

b) Now, assume C(i, h) > C(j, h) and C(i,h) < n fori € {I, P}. Then,
none of the firms has the new technology totally installed at ¢ + 1 and
s;(T,1), given (s7, s%) ‘ -, prescribes to use the new technology at ¢ +1,
since the government closes the economy at t+1 and will keep the econ-
omy closed until a firm can have the new technology totally installed,
the firm 7 in this case. Since C(i,h) > C(j,h) the firm i, accord-
ing to {s4(7,1)},cp, Will continue using the new technology until it
pays all the remaining costs and will totally install the new technology
sooner or later—the other firm may be adopting the new technology
or may be not doing it, depending upon if C(i,h) > C(j,h), or if
C(i,h) = C(j,h)—. However, if we consider §' = {5} },_, such that
§i = s5,(T, 1) for all h # h and 8t # s3(T, 1), we have that 3¢ prescribes
to use the old technology at t + 1. To continue the reasoning, consider
the history (h, (55 s%, S7 ¢)) determined by the reactions to 5t i of the firm
j and the government according to their proposed strategies, and con-
Stder C(, (h, (sh,sh,sg))). Necessarily, C(i, (h, (sh,sh,sf))) < n, since
§; prescribes to use the old technology at ¢ + 1. We have two situa-
tions, one if C(4, (h, (sh,sh,s ))) > C(j, (h, (sh,sh,sf))) and the other

if C(i, ( <3h75%75 ) < CU, ( (Sh,Sh,Sf))) —notice that given sh,

the firm j, according to s/, may decide to adopt the new technology
Imagine the case when C’(z’,h) = C(j,h)—. If C(i, (h, (5L, 5], 59))) >

R 7R 7k
C(j, (h, (5%, sh,sf))), then ' prescribes to adopt the new technology
and to install it, the government keeps the economy closed until the firm
i finishes installing the new technology. Thus, if C(i, (A, (5, 57 Sf))) >
: e
C(j, (h, (5%, sh, s7'))) —the case when
C(i, (h, (8%, 57, sf))) = C(j, (h, (8%, sﬁ, sf))) is quite similar and omitted—

(Hl((s s’ SG)‘B‘i) I (gzeH ho <3 SG)‘h)‘BXBi)_(tH) -
77;+1(<Cc +C7),CN) — iy (CN, CN)

l=n—(C(i, h)+1) l ‘
(B) |7ia (G + CF CN) = 7 (Co s + CF CN) |+

>1
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(62')77.70(1 h)

e £+1((CF CF)
then lim (IT((s", %, )3 ;) =T (8henli» (/s s9)[3) [1)(8) ) = o0

(in Splte of having 7rt+1((CC(i7h) +Ch),CN) — 7, (CV,0N) < 0,
and Wfﬁﬂ((cﬁrcu,h) +C7,0%) — 7T§+1((Cze+0(i,h)—1 +CF,0N) <0 for all
0 <1 <n (Cfis decreasing).This case is done.!!

Notice how crucial is the assumption that the firm ¢ is patient enough.

Now, if C(i, ( (5L, 87, 8¢ )))<C’( ( (8¢, s2,59)))

h R n R h
—notice that C(j, (h, (sh,sil,sf))) = C(i,h) + 1-—, then §' prescribes
to adopt the old technology for all [ > t+ 1, the firm j adopts the new
technology at for all [ > t + 1, and the government keeps the economy

closed until the ﬁrm J finishes installing the new technology.
Then (IF((s', s/, s9)[;];) = T (Sicals - (7,59 3) [ (8) 7“1 =
7Tf;4r1<(o(,*(z‘,lz)+1 +CF),CN) = m (CN> C(ej(i,h)ﬂ + CF) +

I=n—(C(i,h)+1) ‘ .
& (B [W%+1((Cl€+c(i,h)+1 +CF),CN) =y, ((OV, Clicm+ T OF)] +
(BHr=CEmrt ((CF, CF)1+51‘ since, according to .§" the firm i leaves
the market at t+1+mn—C(i,h). Therefore, lim (IT°((s’, s, s | {
o1

I (Sl (5 5)],) ) (B = oo, as before.
¢) Take h € H such that C(i,h) < C(j,h) and C(i,h) < n for
i € {I,P}. This case is the simplest one: The firm ¢ never can fin-
ish installing the new technology before the firm j, then it is better

for ¢ not to adopt the new technology at ¢ + 1. The proof is finished.
Notice that the proof applies also for the item (3.2).

Remark 9 In order to prove the optimality of {sn(T,2)},cpy, it suffices to
observe that this case is quite analogous to the cases (a) and (b) above, and
then it is omitted. Further, the proof applies also for items (3.3) and (3.4),

since the proofs only use that the government plays {sf(n)

}heH, not an ex-

plicit assumption over the gap between the technologies.

3.1.G The government. For simplicity, we show the argument in the case of

UIf P(i,h) +1 = n,

I=n—(P(i,h)+1)

the term Z (57)l |:7r;{+1((cle+P(i,ﬁ) + CF’ CN) - W%+1((C;(i)fl)+l71 + CF? CN)

I>1

disappears, and the argument is the same. (Recall that we have assumed CS = 0.)
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the consumer-oriented utility function. The argument for the utilitarist

utility function is analogous and thus omitted. Consider (s!, s, s%) =

({st(T,1) }heH’{Sh T,1) }heH, %(n)). We will prove that {s§(n
for any h € H, {s5(n )} H‘ is the best response to (s, s7)|;. Take a

}heH’

history & = (a;)!=5 such that none of the firms can have the new technol-
ogy totally installed at ¢t + 1. We have that sﬁ( n) = C, hence SEG = 0.
We have two possibilities, one if C(i, h) = C(j, h), the other if C(i, h) #
C(j,h). Consider first the case when C(i,h) # C(j, h); without loss
of generality we assume that C(j,h) > C(i,h). As the firm i does not
adopt the new technology, we have (3%)~(+D(T1%((s%, s/, SP)’B’B) —

11 ({8} e, - (5" 57)3) ) =
(B30 = 2(Ceyy i+ CT) = C¥) + 3a =207+

( Cimer + CNP) = G+
n—(C@j;:h)+1)

> (B! (3(3(a— 2(CE g myr1n + Cr) 4+ CN)+

I>1
a— 20N + Cogmyiin + Cty)2—

(%(a - 2(Cg(j,h)+1+l—1 +CF) 4+ CV)+
%(a —2C" + Og(j,h)+1+l—1 + CF))Q)

| (8o Lo ((L(2e=E5)?) _
firm 7 leaves the market at the moment the economy is opened, that

is, at the moment the firm j has totally installed the new technology,
if C(j,h) <n

because the

Remark 10 Observe that if we assume the stronger version of "the gap be-
tween the technologies is not very large,” then (%((%(a — Q(C’g(j’h)Jrl +0F) -
CN) 4+ 3(a—2CN + + (CEgmer T C))?) — (%(#)2) > 0. Also, notice that
== h)H) Gyl (1(1 F Ny, 1 N
Z B7) (5(5( (Ce jh)+1+l+0 )+C )+§(a_20 +Cg(j,h)+1+l+
CF))Q
(2( (a— 2<CC(j R)+1+1— 1+CF)+CN) (CL 20N+C(ej(jh +14— 1+CF)) ) >0
for all | > 1, since the economic costs of installation are decreasing. There-

fore, we have (ﬁG)*(tH)(HG((SGaSI»SP)‘E};Q)_HG <{§g}heH);l’ (SI’SP)|’3> ‘h) -
0 for all 5% € [0,1].
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If C(j,h) = n, we have
(B%)~ D IE((s8, 57, 57) ]3) = € ({55} 72573 )|) =
(ﬁi)nfC(j,h)ﬁ((%@%)Q). Therefore, in either case,
Jim (B%)7CHD(IE((s€, 5", 87 ) — T (55 el TP ) |) = .
Now, if C'(j, h) = C(i, h), similarly, we have (%)~ ¢+D(TIG( (s, s/, SP)‘ 2=
¢ ({50},cn . (sf,sP)|ﬁ>’E) _
[ (3G(a—Cea = C = G+
(@R (102 e 2
SR > (3(a= €,
( (a B Ce R)+141-1 C;F»
(Bz)n C(zh)1 IBG« (3(1 40 )2) |
therefore hml(ﬁG) t+1)(HG((8G,SI,SP)|E|]~1)—HG <{§f}heH‘ﬁ, (SI’SP){BM =

h

Be
oo as well —if C(i, h) = n, we apply the same reasoning as before—. Now,
if we take a history h = (q;)!=} such that at least one of the firms can

have the new technology totally installed at ¢ + 1, the reasoning is simpler,
since the firm/s that can do it will do it, and therefore the two payoffs
9((s%, s, s7)|;];) and 1€ ({éf}heH‘ﬁ, (sl,sP)};) ‘h) differ only at time
t + 1, which difference is positive, provided that letting a foreign firm en-

ter the market gives more instantaneous utility to the government than not
allowing it. Therefore, items (3.1) and (3.2) are proven.

Remark 11 Observe, once again, that if we assume the stmnger version of
"the gap between the technologies is not very large, " then ((5 ( (a C’e

» I=n—(C(i,h)+1) o
CF))2=(3(=£-)?) > 0 and, as in the previous remark, > (B9 (5(5(a—

=1
Cg(z‘iz)+1+l>)2 —3(3(a - C, R 11 — )% > 0 for alll > 1, because

of the same reason. Therefore, we have (3)~¢+D(II%( (s H~

IS ({ég}heH . (SI,SP)|E>’E) > 0 for all 3 € [0,1].

Due to the last three remarks, items (3.3) and (3.4) are proven.
The proof of theorem 3 is concluded.

(i,h)+1
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