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1 Introduction

The aim of this paper is to study the protection of an infant industry when
learning effects are important. The common argiument made in economic
policy diseussions is that protecting an industry in its early stages of develop-
ment allows that industry’s firms to compete later. This 1s becanse of the cost
savings induced by protecting the domestic market. Even though some recent
literature partially supports this view. traditional theory rejects any type of
tracde restricting policy because it fails to achieve maximum welfare from a
world perspective. The present model studies some features of an optimal
protection policy from the developing country’s point of view. We will show
that cven in a simplified framework. a time consistent tanfl protection may
serve to ensiure development of the infant Andustry and enhances domestic
welfare. However, this policy has its limits, A decreasing tanft profile is
required in order to compensate for learning exhaustion with increasing,

competition,

In addition to this theoretical goal. we address an issue that has
historical interest per se. Historically. taritf policies have been widely used to
protect infant or non-infant industries in order to promote their development.
This has been partieularly prevalent in the iron and steel mdustry. a key
sector i any industrializing country.  However. the performance of these
tariff policies has heen very different in cach case. For instance. while the
Imperial tariff may have developed the German iron and steel industry by
imposing intermediate levels of protection. the prohibitive Spanish tariffs
isolated the Spanish iron and steel industry from the European marker

limiting development possibilities.

The application of Industrial Oreanization models to International
Trade issues has enabled rich theoretical advances in this area. leading to
results that sometimes contradict rraditional views of trade policy. Among
the new views, there are several arguments in favor of protection. Brander
and Spencer {19813 point out the possible benefits of a tariff for a country
of any size hecause the terms of trade effeet will be absorbed. at least

partially. by the foreign monopolist instead of being passed on to domestie



consumers. Venables (19853} argues that a tariff can lower domestie prices by
increasing competition among domestic firms: the tariff raises home market’s
profitability which promotes entry. In contrast, Grossman and Horn (1988}
show a negative effect on welfare from either permanent or temporary protec-
tion when there exists some informational barrier. that is. when consumers
do not know output quality unril they have purchased the good and form

expectations about firms’ quality choice according to firm’s past behavior.

The most common argument in trade policy in favor of protection
deals with the existence of dynamic economies of scale ar the mndustry or
firm level. In this case, rariff protection induees higher domestic produe-
tion and therefore cost savings which provide the domestic industry with
a better cost position relative to its foreign competitors. This is also the
mainstreamn focus of the rescarch in this field. The common reasoning is
outlined in Brander and Spencer’s {1983) model of strategic trade policy:
i the presence of government intervention. domestic Stackelberg leadership
becomes a eredible strategy, Along the same line of reasoning. Brander and
Krugmau (1983) develop a reciprocal dumping duopoly model with statie
cconomies of scale {downward-sloping marginal cost). In this model. if the
government protects its domestic market. the domestic firms will reduce
costs by Inereasing production. and thercfore. as the foreign firm has reduced
its respective production. the domestic firm will be able to compete in the

foreien market.

As Krugman {1984) has shown all these models cau be interpreted
as different ways of promoting exports through protecting iinports. whether
theyv include statie economies of scale. international R&D competition or
dinamic economies of scale (learniug by doimng). As many poliey makers use
to claim. IKrugman notes that benefits from a future cost advantage mayv
motivate govermment protection. However. Gruenspecht (1988) points out
the possibility that firm behavior is more collusive in this environment. and
as a consequence. frms respond to protection in a manner that frustrates
governnient efforts to promote higher domestic production inn order to reduce

costs through learming.
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The optunal tariff policy derived i the present model does not suffer
from this caveat. The government does not commit to some level of protec-
tion that firms may take as given while colluding. Instead. the tariff policy is
countingent on industry performance. Excessive collusion that leads to a low
rate of cost reduction will he compensated by lower levels of tanft protection

i1 order to lnerease competition.

Another major caveat to the traditional arguinents for protection is
the assumption of unilateral government intervention. In order to broaden
the strategie aspects of trade policy design there exists a growing litera-
ture that addresses either the strategie interaction among governments' or
hetween governments and the industry? as this paper does. Within this liter-
ature. the work of Matsuvama (1990) applies relatively closely. although his
modelling is not appropriate for addressing the dynamic features of learning
by doing. Matsuyama presents an infinitely repeated game where at cach
stage the government decides whether the industry is going to be protected
once more period. and the only firm 1 the industry decides whether to invest
m the current period or to delay that decision. Iu his model it 15 assunmed
that the govermment always prefers liberalization to protection. but it is
always willing to delay liberalization for another period if this would induce
the domestic firm to invest. Similarly. the firmn prefers to invest in order
to prepare for competition if liberalization seems very likely, but choosing
not to wnvest can be a profitable strategy 1if this induces the government
to postpone trade liberalization, Under these reasonable assumptions on
plavers’ preferences Matsuyvama shows that the game has a unique stationary

subgame perfeet equilibrium in mixed strategies.

U See Bagwell and Staiger {1990) on enforcement of trade agreements where
(e} lml o

tartll levels are determined in a repeated game framework among governments,

- For mstance Dixit and Kvle {19853) analvze different government policies
i the standard entry deterrence and promotion model extended to include the
mternational issues: Staiger and Tabellini (1987) consider the time consistency of
protection policies in a game between the firms in an industry and the government:
and finally Anderson (1992) addresses the strategic behavior of exparting firms and

the government in presence of voluntary export restraints.



An especially nice feature of Matsuvama's model is the recursivity of
the game. After one period. if the government chose to protect and the firm
did not invest. the game is identical to the one played one period before.
However. if learning by doing effects are considered. there exists at least
one state variable {the level of unit cost and/or the accumulated output)
that differs from the previous period due to production. Therefore. it is not
appropriate to work with time-independent strategies when we consider the

existence of dynamic cconomies of scale.

At this point. there are two options: we could reformulate Mat-
suvama's model 1o include a dyvnamie effect while considering only a finte
horizon. However. this would not be a realistic approximation to the em-
pirical issue addressed herein®. Morcover. tinle consistency issues cannot he
appropiately addressed within a finite horizon specification.  Alternatively.
we will define a more complex repeated game with state-dependent strategies
aud look for a Markov Perfeet Equilibrium. This case will use a continnous
time formulation of the game specifically to benefit from a result of dynamie
programuning in order to establish the time consisteney of the equlibriwun

strategies.

The intuition of Matsuvama’s model 1s retained even in this dynamie
framework. The government wants to liberalize in order to maximize do-
mestic welfare. But. due to learning effeets, welfare maximization over time
requires the establishment of a tariff to proteet the domestic industry. The
optimal tariff will depend on mdustry performance. Given a low learning
effect, the optimal policy will reduce the tariff to increase competition and
avold exeessive domestic monopoly power. On the other hand. domestie firms
prefer a monopolistic position. but the possibility of foreign competition
induces them to inerease production above the statie profit maxituization

level in order to reduce cost aud bhe able to compete later. Henee. if producers

3 T~ - . . . - .
['he iron and steel industry s characterized by the existence of economies
of scale and a learning process so that domestic firms are not competitive against
foredgn firms inmediately after investing in fixed capital.  In addition see the

criticism of Tornell {1937) in Matsuvama (1990).
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have the ability to influence the govermmnent. the government’s willingness
to liberalize tmay be lower than that required by the optimum solution. The
dyuamies have their origin in the deereasing speed of learning induced by a

downward slopping convex fixed cost function over accumulated output?.

In addition to the works previously referred to. there are a few very
interesting studies that calibrate monopolistic competition models applied
to international issues. The works of Dixit (1988) and Irwin (1991) share
connnon features with this paper’s model. such as the fixed munber of
firms and the conjeetural variation approach. Baldwin and Krugman {1988)
address the same problem of learning economies but their set up is static
which allows them to avold the use of Markov strategies. The isomorphisim
between learning economies and static economies of seale 1s no longer frue
under general conditions such as discounting and/or closed loop strategies.
Onr model generates the same qualitative results as those of Baldwin and
IKrugman (1988}, Krugman (1984}, or Stokey (1986). and in addition it shows

the dynamic evolution of the produetion decision and tariff protection.

This paper attempts to build a dynamic model of optimal taniff design
when there exists learning economies. Two prineiples will guide the construe-
tion of this model. First, simplicity: the nature of the class of models that
we suggest is complex enongh to get lost iu techuical issues very easily. This
is the reason why we choose a very particular specification for demand and
the learning eurve. Secoud. our aim to carry out an empirical application
based on this model. It is therefore essential to develop a model whose
parameters can be easily identified in order to carry out a simple calibration
exereise. The paper is organized as follows. In seetion 2 the model and its
assumptions are deseribed, In seetion 3 the model is presented in detail and
the optimality conditions and features of the Markov Perfeet Equilibria are

derived. In section 4 the development of the Spanish Iron and Steel Tudustry

Demand does not induce any dyvnamic effect because of its stationary linear
specification. Welfare gains from protection may be higher than those highlighted
by this model if. in addition. learning induces marginal cost reductions. and/or if
demands grows along time.



is reviewed and the theoretical assumptions are linked to historical facts.
which justifes the application of this model to this case of study. In section o
we proceed with the calibration of the model: the applied tariff is compared
to the optimal policy derived from the theoretical model. Some comparative
statics exercises are also carried ont.  Finally some welfare loss measures
to Spanish government departure from the optimal poliey are provided. Iu

section 6 we summarize conclusions,

2 A Concise Description of the Model

The game consists of v + 1 playvers: n firms and the government of a small
country. There is no entry or exit into or out of this industry. The problem to
e addressed is protection of an infant industry. Firms ask for proteetion to
have timne to redice total costs and later to he hetter positioned to compete
with foreign firms. Total cost declines due to learning by doing. As polnted
out earlier. this is the major difference hetween ours and Matsuyama’s model.

and it renders it impossible to apply the recursivity feature of his model.

The model is struetured using a continnous time specification. The
only state variable of the model is the vector of accumulated outputs for cach
firm in the industry. Denote the realization of this vector at time 1 as yt
The level of total cost is assumed to depend on accumulated output. For
simplicity, assume coustant marginal cost. For each player. tune strategies
are contingent on the state of the game. Production is the firm's control
variable. The only choice variable for the government is the tariff level. A
firm's objective in each period is to maximize its expected discounted profits.
The government maximizes the weighted sum of consumer surplus. total
profits and tariff revenues. For simplicity. we will assume that foreign firms.
who prodice a slightly differentiated good. behave competitively. In addition
assume that they have exhausted their respective learning processes. This
assumption allows us to ignore strategic effects between domestic and foreigu
firms as well as foreign firms” investment consideration of ontpur decisions.
Foreign firms compete while domestic firms supply a differentiated good in

a monopolistically competitive regime and are subject to learning effects.
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Up 1o this point we have introduced some deviations from Matsuya-
ma's model that mav be interesting ro discuss more explicitly. Consider first,
the existence of dynamic economies of scale through the process of learning
by doing. The existence of a learning curve has been ohserved in several
industries sinee World War II?. The effeets of a learning curve on market
performance under different competitive regimes has been studied by both
Spence (1981) and Fudenberg and Tirole (1983). While Spence analyzes an
infinite horizon. continuous time. open loop solution under assumptions of
monopoly and perfect competition. Fudenberg and Tirole focus on differences
between the open loop and closed loop solution in a two period model.
Fudenberg and Tirole (1983) use a general formulation for the learning
curve where Spence (19811 uses an exponential learning specification and
Licherman (1984 uses a logarithinic one. As will become evident. techui-
cal requirements of our differcutial gaine foree us to assume that learning
does not affect marginal cost. Aarginal cost 18 assumed to be constant:
learning only reduces fixed cost. Stokexv (1986) studies the dynamics of
an mdustry under the assumption of complete spillovers i learning which
reduces marginal cost instead of fixed ecost. Tt 15 shown in this infinite horizon
environment that there exists @ unique symmetric Nash Equilibrium within
the space of continuous strategies. A compensating policy is suggested to
favour production m early stages of the industry’s lifecvele because of the
existence of learning externalities, Shifting learning effects from marginal
to fixed cost. as the present model does. enables us to find a closed formm
solution for the equilibriiun strategies and to derive some propositions on

features of one possible compensating policy.

A second deviation of our model 15 that we allow for the existence
of more than one firm in the industry. This requires that we specify the
industry’s conduet and the nature of the solution®. The solution can be

svimnerrie or asvimmetrie,  In order to keep the model tractable we will

3

see for instance Lieherman {1931) and Fudenberg and Tirole (1986, §21).

[

On this issue see Helpman and hrugman (1939, §3}.



solve only the symmetrie case’. We also assume that there is no learning
spillover effects. This togethier with the symmetry asswunption characterizes
an n vector of state variables with identical accuimulated output along the

cquilibrium path.

In relation to the industry’s conduetr we adopt a conjectural variation
approach. The perceived marginal revenue to each fitm depends on the
value of a speeific parameter which represents the different cases of Cournot.
Bertrand. collusion or perfect competition. This parameter represents each
firm’s belief over its competitors” hehavior in response to the firm's action.
This approach 1s a useful way to diseriminate among industry conduet ar the
calibration stage. However. 1t introduces [mitations on comparative statics
excreises because of the lack of optimizing behavior over the conjectural
variation parameter. The conjectural variation approach is adopted to solve
ditferent cases of the stage game. and the corresponding parameter 1s then

held constant over the time horizon of the game.

The pattern of production by firms and the government’s design of
the tantt policy 1s constructed to be optimal. The optimal control paths
derived here are dyuamic best response functions for each set of ageunts.
that is. the government and the firms as a whole®. Given the government’s
optinal tarff policy (defined on a veetor of state variables). firms choose their
optimal outpur paths svmmetrically (whieh also depends on the same vector
of state varlables). including in suech computation their svmmetrie. common
knowledge belief on their competitors’ responses. For these strategies to be a
Nash Equilibrinn. the government's strategy must also bhe a best response to
firms” strategies as deseribed above, Markov perfection requires that these

strategies he a perfect equilibria for any time and state?.

Foran firms asymmetric version of this model we have 10 solve numerically
2(n + 1) Riceati equations.

% See Hanig (L1986, 3.1, pp.86G- 8N,

see Fudenberg and Tirole (1986, p. 19,
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Finally. the model includes explicit distributive considerations. which
are taken as given for the social planner’s problem.  The mtent 15 not
to model government preferences explicitly as resulting from interacting
pressure groups. Rather we will earry out a sensitivity analysis after we
parameterize the model i order to fit the data and to test the traditionally

U Let us summmarize now the

assunmed existence of strong interest groups!
considerations on the govermment’s objeetive function. Let CS' denote the
consumer surplus derived from the demand specification. I is industry
profits and R' represents the government’s tariff revenues. The stage social

welfare function 1s then defined as:
Nt=0CS"+ o' + 'R

where 3% > 4 is an index of government's relative preference for tariff
revenues at time #'1 Therefore, if 47 > 1 the government outweights tariff
revenues. The parameter af > (is an index of government's relative pref-
crence for producers surplus at fime 4 o' = 3 = 1 represents the standard
case of a social welfare maximizing government. However. if o' > 1 the
government is partially captured by producers. and if a' < 1 by consumers.
By scarching for the values of af and 3' that best fit actual values for cach
market structure outecome of the model. we can approximate the relative

political power of pressure groups and government tariff preferences,

' The political economy of pressure groups dates back at least to Olson
(1968). An extensive overview of this literature and its applications to government
intervention analysis s provided by Noll (1989). On the political economy of
protection see also Baldwin (1953 and (1985), Maver (13%0), and Pineus (1977).
and especially TIllman (1959,

"U3is delined in appendix Az it is the minimum value of 3° such that gov-
crnment’s optimal control problem s well defined.



3 A Linear-Quadratic Differential Game of Indus-
try Protection with Dynamic Economies of Scale

3.1 Demand System

Assnme that domestic and foreign production are considered imperfeet sub-
stitutes for cach other by domestic consumers but perfect substitutes within
cach category. Domestic firms produce a homogeneous good and they com-
pete in a differentiated product market with foreign firms. Let X' =370 o
denote the domestic industry production and let /' denote imports at time ¢
Assume a quadratic utility function with symmetrie cross—effects for domestic
consuers such that own effects dominate cross effeets. thar is. a strietly

concave funetion of the form:

XM = QF +a, X 4 an M= S b (X + by (M7 + 20X

W |t

where all parameters a,. o, by by, b are strictly positive. The condition
DatH[U (X' MY = %(b",.b,,, — k%) > 0 cnsures the utility function to be
strictly coneave, At each time. f. consumers maximize U(XT A subject
to the monetary constraint I* = Q| + PN+ P M where U(XT. M) is a
money valued wtility funetion and Qf represents the aggregate consumption
of a comperitive numeraire good. This implies that the Lagrange multiplier
of this constrained maximization problem is equal to one 1 any period. Let
IE’; aul }E’fn represent the domestic market priee for domestic production and
imports in cach period. Since we consider only the case of an tmport tantt.

' we have:

Pl =r (1
Isfl)! = pli')l + '_’ (2)

where Pl and Pf are the world prices of the domestic and the imported good
respectively,  Therefore the first order necessary conditions for the unique

solution to this problem arve:

. 1 1
Plo=a, — SFJJ.Xr - 31.‘.11” (3)

1 1
Prrn + Tt = (i — SA'.Yl - 3]3m-\1—f (4)
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Let Pt = (P! PL). Using Cramer's rule. demands for domestically produced
P ) M1

It

goods and mports as functions of the tariff level can be written as follows:

27t
XUP'. s =XYP.0)+ A XYUP Oy +pu, 7' >0 (

ot

2h,. 71

MyP. Yy =y poy - —°
( ) (F.0) byb, — k2

=MYYP.O)— ' 20 (6)

with g, > 0. g, > 0. Finally, consumer surplus is given by

CSIXO MY =T(X" M"Y - Q) — PIXt— Pt AL (

=1

3.2 Cost Function

Assume that the learning effect only reduces firms™ fixed costs and that firm
costs are additively separable in accumulated output and current produetion,
which implies that marginal cost is constant over time. The fixed cost is a
positive, strictly decreasing and strictly convex function defined on (0. y*]

*

and constant on [y”. o). for some large level of acenmulated output y*. In

particular. we adopt the following additively separable specification:
. . { l . tq2 Lot f‘ t < *
co ey, gealy) ey by <y
co+ eyt gedyt? begat iyt ey

where rp represents output and y! represents accumulated output of firm
at tune f. Assumptions on the shape of the fixed cost funetion allow us to
unpose two restrictions on the admissible values of the parameters of this

function: ¢; < 0 and ¢, > 0.

3.3 The Firm’s Problem

I an infinite horizon game. cach firm’s problem is to maximize the present
value of its own profits given its competitors” hehavior, the government's
tariff. while considering the learning effects induced by current production.

This problem can be stated as:

11
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f 4 { t —rt
AN 1 _/ moly ot T e TNt
It 0

‘ YL —
st gl =2 =

yi0) =y,
Given the production decisions of the rest of the competitors this is a stan-
dard linear -quadratie differential game. Hence, we face a dynamic program-
ming problem that can be solved using Pontryagin's maximum prineiple.
The necessary conditions for this problem depend on #0 = iy, ... yi)
and 7' = iyl ... yi 1. the optimal control for firm 7 and government's
optimal tariff respectively. at time 12, This captures the interaction of firms’
strategies and the government’s policy over the game horizon. This effeet
makes firm s co-state variable depend on the government's tariff poliey and
competitors’ actions. In order to simplify and aggregate these first order
couditions. we lmpose svmmetry and constant conjectural variations over

the Lorizon of the game:

a)rl_ 1 ity = 0”“' iz 0 v

61:_ 5 if_j#f ' 01 /1 0 !
The last expression is obtained by imposing symmetry on consumers” dotes-
tic demands (3). so that ,;;t = n%. 1.c.. the conjectural variation of each

firm’s output decision on the government's optimal taniff choice are the same
and. in fact, are equal to equilibrinm beliefs,  After rearranging the firms’

necessary counditions this can be written as:

1 ni - i /\’
tr o b1+ 0+ FE X ) — e =0 (9a)
2 Hoa 2 n
\ ! ax!
AU =rA = ey 4 Y 4+ 51’:'”[ nf —f— 1)X° oYyt
1 o+t
+ ’l‘f"m(-x + 7 flJ W (gh)

1% e . . . . . .
I'he complete derivation of plavers optimal strategies is presented in ap-

pendix AL
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b
A,

whiclh uses Z;’zl P14 ~(n—1)todefine 8 = [1 +~(n — 1)]/n. the ag-

it
1

gregated version of the conjectural variation parameter. Table 1 presents the

values of each conjectural variation parameter under different competition

regies.
Table 1
Regune “ f
Cournot 0 %
"1 oqal | |
Bertrand P-—=. 04 [U. —]
|_ =1 ! 1
1 N N . _]
Competition — 0
Collusion 1 1

3.4 The Government’s Problem

The govermment s problem is to maximize the present value of a weighted suun
of consumer surplus. industry profits and tariff revenues. given the optimal
industry production strategy and considering the aggregate learning cffects

induced by 1ts rarifl policy:

mMax 4 = / [C’S’(y’..r". O+l e e+ 3Ry T')] et

JN

~.1. ).'f = Y =yt
et )
Yi0)= 3

Because of the demand and cost assumptions. this is also consistent with a
standard linear -quadratic differential game structure given the production
decisions of the mdustry. Now. denote by Xyt = Z:l:] #(y") the optimal
choice of X! for the industry as a whole at time #. Theu. the solution must

satisfv the following generalized Hamilton Jacobi conditions:

13



aHrth

— =T (X0, MU0 ol 3 + T30 A =0 (10a)

ot ~ Y
A o=rA dafle + 21 (100)
!

'
As it s shown i appendix AL dynamie optimality conditions for the gov-
ernment are equivalent to the standard one player case. This implies that
the government s necessary conditions to establish the optunal tarift are the

sanwe for either the open loop or the closed loop equilibrium of this problem.

3.5 Theoretical Results

In solving this model. we assume perfeet mformation. whicl implies that
cach plaver knows the history of the game. 1.e.. the previous realizations of
the srate vectors. y° € R, and eontrol variables, (#7.7%) € Rl e <t

Focusing on smooth equilibrial?

. a differential game equilibrium of the model
is a set of functions {al{y™y} = {(... .24y 0 7 y")} such that for any
time and state. a plaver’'s strategy maxinizes its pavoff from that time on.
Applyving dynamic programming. the differential game equilibrium solves the
gencralized Hamilton Jacobi conditions. This system of partial differential
cquations are the first order conditious of the correspounding Hamiltonian
for cach player. Such a system is not casily solved exeept in the case of
some particular funetional specifications such as the linear quadratic case of
this model in which the plavers are the government and any representative
svimmetrie firm of the industry, Furterhunore, the motion equation must be
linear and the objective funetion must also be quadratie in the state and

confrrol variables.

It may be useful ar this point to discuss the nature of the solutions

that will result from this model. The Nash equilibrium of any differential

1o ey .
Ihe equilibrinm paveffs need to be continuous and almost evervwhere

differentiable functions of the state variables. This 1s the case for this model for
any linear solution. given the cost specification (8). See Starr and Ho (1969}

14



game will generally depend on the structure of the playvers” mformation sets.
In the open loop equilibria. players” information sets are limited to the initial
state of the game, In this case, players siimultancously commit themselves
to the entire path of actions over the game's horizon. By contrast. in the
closed loop equilibria players have perfeet recall. so that their actions depend
on the complete history of the game!!. and more importantly. strategies
are fime consistent. In a stochastic game like this one. the state follows
a Markov process in the sense that the probability distribution over next
period’s state is a function of the current state and actions. and hence, the
history at ¢ can be summarized by y'. Markov strategies depend only on the
state of the system and playver’s information sets meludes only the pavoff
relevant history!”. A Aarkov Perfeer Equilibrium {AMPE) is a profile of

Markov Strategies that vields a Nash equilibrium in every proper subgame!'”.

The above digression enables us to obtain the open loop and the AMPE
from our generalized Hamilton Jacobi conditious. For the open-loop case.
cach of these Hamilton Jacobi conditions do not differ from those of the one
agent dynamic prograuuning problem because each co state variable does not
depend on the remaining plavers” strategies since these are simultancously
chosen at the beginning of the game. By contrast. the MPE 15 a Subgame
Perfeer Equilibria in Markov strategies. that is, strategies that only depend
on the state. and which capture the interacrion among players over the game

horizon. In this case. co state variables depend on opponents” actions'.

Y See Fudenberg and Tirole {1991, §13.1.1) and Hanig (1986, §2).
Y See Maskin and Tirole (1993) for further details on history equivalence and
Markov equilibrinm properties.

A perfect equilibrium of a stochastic game allows playvers™ strategies to be
a function of the entire history while Markov perfection reguires that for each
plaver and in cach period the strategies be uniquely defined by the value of the
history. that is. the resulting state of the same at each stage. In addition. this
came Is stationary because motion equations do not depend on #; the stage pavoll
functions are defined as the present value of funetions that de not depend directly
on . See Fudenberg and Tirole (1991, §13.3.1).

' See Basar and Olsder (1982, §6.5) and Fudenberg and Tirole (1991, §13.3.2).
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The solution to cquations (9) and (10) provide the MPE directly. If we
. H,r‘ ')Tt
further impose ?iyg = {ay‘!

Ioop equilibrium. Therefore. the optimal government and induced industry

= (. V. . 1. these equations also solve the open

strategies can be fouwd from conditions (9) and (10). Using (3) (6) theyv

may be written:

<, 2a; — BT — 204 + %)\r

X' = (11a)
ho(2+ 6

¢ To(XUOL MU0 et 39 + A
I3

N

(11h)

The solution to this linear quadratic same 1s found by assumnine that
| 2 3 g
the co state variables are linear in the state, so that there exists a closed form
strategy equilibria of the game:
MY Y =0 + o0} {12a)

/\!(}'1) :(;u +(,:)|}'r (121)]

As a consequence. the optimal strateeles are also linear in the state:

r * I ‘ _9_.\ }'t 2 -
Dty — kIN(O) = hpiyy T et O0 F O D eyt “log + oY)
x{—r(}—f) — Fl(-i )
i hi2 4 8)
(13er)
To(-) + prioo + 0¥
Sy = ol-) + prz{on + 01} (13

—Ty(4Y

To solve the game. differentiate the proposed solution {12) making
use of the fact that Y = X' Later. substitute (12) into the right hand side
of (98) and (10h) using _‘i'f(}"). 7 % and (';}L't according to (13). This
produces two sets of two linear equations in Y. Equating the coefficients
of the corresponding equations generates four. nonlinear Riceati equations
that determine og. 0. C;(). and (51. These equations must he satisfied by any

linear MPE production tariff path. To obtain the open Ioop solution the
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procedure 1s similar except that %‘,\—, = 3+ = 0 is imposed in place of (13).

The Riceati equations are derived in detail in appendix A.

A general proof of the existence of this solution is provided by Lukes
(1971). Given existence. we still may wonder whether there may exast an-
other noulinear MPE. Given the linear quadratie strueture of the game. some
transversality condition. and the linear specification of XYY and 74Y).
this lincar solution is unique within the space of analytic functions of the

¥ Hhut uniqueness has not been proved for infinite

state vanable if T < >
horizon differential games. However. it is possible to determine whether the
unique linear solution for the finite horizon case is also an MPE for the

infinite horizon case.

PROPOSITION 1: Strategies (13) constitute an infinite horizon MPE
ifop <0 ando; <0,

PROOF: See appendix A,

In rhe infinite Lorizon case an MPE must also satisfy the following
transversality conditions:

lim A (Y He " = Iim :\t(}"‘)r_” =10 (14)

f— [l e

By (12). these conditions hold whenever 17 is bounded but this is not the case
in this model. It is sufficient to assume that the optimal accumulation output
path Y1 is a funetion of exponential order less than r. Then the transver-
sality conditions (14} are fulfilled by implicitly imposing an upper bound for
cach period’s production relative 1o the actnal acenmulated output. This
is @ reasonable restrietion that will always hold when the learning effect
is exhausted. Hence, provided the model’s demand system is stationary.
cach period’s produerion will he constant and the ratio X/ deereases as

proditetion continues.

We are already in disposition to discuss the features of the optimal

tariff poliey. The results are preseuted i form of propositions.

R ' . 1 —- -
* Gee Papavassilopoulos and Cruz (1979) for a complete proof of this

statement.,
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PROPOSITION 2: An inereasing tariff policy cannot be time consistent

in an infinite horizon gaic.

PrOOF: Suppose that the tariff is inereasing. Differentiating (13h)
vields: )
a7y HrOy
N T3
For this derivative to be positive, .ﬁign(cal) £ sign(Tq(3Y). Substituting

(5} (6) into the implicit definition of T'1{4") in (10a). and using 3> 4> %

it is straightforward to show that Ty (") < 0. Then. in order for the optimal
fariff to inerease with acenmulated output. it must be the case that o > 0.
But then. the conditions of Proposition 1 are violated. Henee. this tariff

policy cannot be an MPE 1n the infinite horizon case. =

From the proof of Propoesition 1. it is obvious that Proposition 2 is also
true regardless of the symmetrie oligopoly assumption of the actual solution.
Sinee the game does not have a unique endpoint in an infinite horizow set
up. there may be other non linear equilibriun strategles,  Proposition 2
has proved that within the space of linear strategies. an increasing tariff
policy will never be a time consistent policy in the infinite horizon case.
although it mayv constitute an MPE for some finite horizon cases'?. The
infuition is simple. If a government aunounces au increasing tariff. this 1s
clearly a non -optimal strategy in the long run. When learning effects fall
below some threshold. switching to a less restrictive trade poliey is always a
dominant strategy heeause it promotes competition and increases welfare by
inereasing consumer surplus despite a second order producer surplus loss. It
is very likely that the transition rate to a less restrictive trade regime will
he determined by of and 37, the weights of each component of the social

welfare funetion.

Proposition 2 applies even to the non exhausted learning case. g <

y*. However in most industries. learning is eventually exhausted or not
" The fact that this result holds for 3° > 3 > & may not include the
standard welfare maximizer government case. of = 3° = 1.if 3 > 1 given the

model parameters.
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significative after some level of acenmulated production. Let T = niing {# |
y! = y*}. Bevoud this poiut. Investment considerations of output decisions
dissapear and the relevant state is y*. ¥¢ > T, Solving the firms and

governnient’s problems for y! > y*. the MPE strategies are:

XYY = XY Ay = Yy v T (15)

PROPOSITION 3:  If the learning process is exhausted. y>= > y*. and
if the unique MPE for the finite horizon [0. T involves a non increasing tarif

policy. then there exists a unique MPE for the infinite horizon game.

Proo¥: First. cousider the case where t > T, Since the relevant state
of the game becomes constant once learning has been exhausted. the MPE
reduees to the finitely repeated NE whose equilibrinm strategies are rep-
resented by (15). Any other subgame perfeet equilibrium (trigger strategy)
for this infinitely repeated game does not qualify for Markov perfection. This
is due to the fact that the pavoff relevant history is the same over [T, o).
Henee. it is not possible to have ditferent payoffs in cach period when the state
15 common and strategles are state contingent. Therefore. in(lusrl‘}' output
and the optimal tariff/subsidy are constant over time aid are completely
determined by the model’s parameters so the MPE is nnique over [T, x).
Second. if there exists a unique non nereasing tariff policy equilibrium for
[0.T]. it is & linear function of the state bheeause of the linear-quadratic strue-
ture of the model. This unique non - inereasing tariff policy equilibrium solves
the system of partial differential equations (9) — (10). It 1= strajghtforward to

show that for any initial state of the game. (13) is the limit of (13) ast — T =

Thus. if there exists a unigue, non inereasing tariff. linear MPE for the
finite horizon in which learning occurs. there is also a unique. time consistent
tariff poliey for the infinite horizon game within the space of contimions
strategios. Observe that the MPE strategies are continuous and generally
non linear over [0. ). Unless produetion and the tariff remam constant
over the whole period, these continwous MPE strategies are kinked at + =T

This nuiqueness result will be extensively used in the calibration of the model.
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Time consisteney of the optimal policy design has been extensively
studied over the past few vears. The work of Staiger aud Tabellini (1987)
15 the most closely related to optimal tariff protection policy. In a differ-
ent framework. they conelude that the optimal trade policy must be time
inconsistent. which provides nnexpected protection in order to maxinuze
redistributive effeets in favor of individuals with high marginal utility of
income. Protection results from the govermment’s inability to precommit to
free trade. Morcover. they show that any time consistent poliey involves an

excessive amount of protection.

It is worth noting several differences hetween this work and our model.
Our model does not deal with the distributive effects of tariff protection.
even when they are modelled as exogenous determinants of the government s
objective function. Instead. this paper presents a very particular situation
where there exists an infant industry that shows important learning effects
in the early stages of development. In this case. and in contrast with most of
the works dealing with time consistency of optimal policies. there may be an
optimal fime consistent tariff poliey that does not require the government's
precommitment to future liberalization. This derives from the fact that the
poliey 15 a Markov strategy that depends on only one state variable which
captures firms” learning effeets, We have also determined the limits of a tarft
poliey to be time consistent in an infinite horizou framework. Therefore. we
obtain the opposite resalt in which the policy provides excessive protection
comparcd to Staiger and Tabellini's work. In our case a time inconsistent tar-
it policy provides exeessive protection as compared to a time consistent one.
Where the former shows an inercasing tariff path. the later will {generally)

(}t‘('l'(‘HS(‘.

Finallv. onr model provides an analvtic characterization of firms
strategies along an nfinite horizon MPE. In general. industry outpuat is not
restricted 1o evolve in a particular wayv together with the state. hut 1t 1s
clearly determined for each parameterization of the model. It 1s plausible to

expeet that when learning effects are higher. production will inerease faster
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than when learning is exhausted. bur this result will depend on the model's

parameters. Observe that differentiating (13a) we get:

(?)1 2 X
o aji—{(}-{) B All”m/"rrl(jf) +ﬁc)l
T Ty b2+ 8)

Given its linear quadratie structure. the model generates a constant rate of
change of industry production with respect to acenmulated output. It follows
that given 3¢ > % industry output will always deercase with the state when
o1 < 0 and ¢ > 0 or when o, < 0 and oy Is negative enough: specifically
o) < —nk;r,,,;u-c‘]l/('21"1(.)”)} < (0. Therefore. even for an infinite horizon.
time consistent. and linear MPE. industry producetion shows ambiguons

- 2
dynamices=",

4  Protection of the Spanish Iron and Steel Indus-
try

4.1 Historical Overview

The slow development of the Spanish [ron and Steel industry started n the
south of Spain. at the beginning of the second guarter of the nineteenth
century. Recovery of industrial production. once Spain’s economy adjusted
to the definitive loss of the colonial markets. allowed developutent of such
business. However. the merease i the production level was insufficient to
provide a hasis for fast development of the sector. After fifty vears of upstart
attempts. the industry located finally in the Basque Country. near the French
border on the northern coast of Spain. This location decision resulted from
the reliance of the Bessemer steel making process which turned the coal
endowment of the area the best of Enrope. It was not based on the existence
of an entreprencurial class or any kind of previons capital accumulation in

that area.

b . . . - . . .
*Y Observe that a negative sign for this derivative will ensure the fulfillment

of transversality conditions (1.1).



English production of iron and steel mainly employed the acid Besse-
mer converter and the acid Aartin Siemens open-heart process which
could not nse phosphoric iron ore*!. This forced English firms to import iron
ore from Sweden (Orebo and Norrbotten). Italy (Liguria and Elba). Algeria.
and Spain., The Basque Country supplied up to one third of the Euglish
unports of iron ore (this represented up ro 91% of Spanish production ). Only
after 1920 did the importance of the Spanish provinces decline??. Eunglish
capital was invested in the Basque iron ore industry in order to provide
the English irou and steel industry with this necessary input. Companies
such as Oreonera Iron Ore Co.. Sowmorrostro Iron Ore Co.. and sixty two
others imvested more than five million pounds in the Basque Country before
the Great War., The importance of this investment was due not only to
the high quality of the iron. but also to the “endowment complementarity”
which allowed Spanish based firms to avold backhaul problems. Trade took
place in both directions: the Basque Country exported iron ore and ships
carriedd coal ar very low cost when they returned fromn Wales and North-
eastern England. The economie integration between the Basque Country
and England was stronger than it was with the rest of Spain. This process
generated very important capital accuunulation that resulted in rapid growth
of the Spanish iron and steel industry, and in the development of important
financial mstitutions in the last third of the century which further enhanced
the industrialization process?*. The Basque Country arose as one of two
regions that sustained the cconomic industnalization of Spain. The other.

Catalonia. speeialized primarilly in rextile production. The Spanish iron and

U By 1900, 90% of the open-heart and 71% of the Bessemer English steel was

prodiced using acid methods. See Care and Taplin (1962). p.237.

ey . - . . - o

“7 Basic Bessemer steclmaking declined rapidly after 1891 which made British
industry more dependent on the Spanish ore. After 1890, Lancashire and (‘'ummber-
land (Britain’s own hematite mining districts) also hegan importing the Spanish
ore. See Allen (1979) and Pearl {1973, §12).

" T . . +
! The owners or tenants of the iron ore mines were also the owners or major
shareholders of the iron and steel firms. For more information on the refationship
between iron ore exports and the industrialization of the Basque Country. see
Cionalez (1981) and Shaw {1977).

M



steel industry grew significantly since the begiuning of the tweutieth cenrury
but not as mueh as in other European regions which were also integrated
with the English trade in coal and iron. The First World War temporarily
imereased the demand for these products. Indeed. the old furnaces in the
south of Spain restarted production. And. in 1917, construction of another
big firm began., but Alros Horuos del Mediterrdueo did not operate until

1923, and then with high excess capacity.

The oligopolistic market structure evident in Spain 1s a common fea-
ture of the iron and steel industry elsewhere as well. However, the Spamsh
industry was the most concentrated of all Enropean countries. Ouly in Spain
did one firm produce over 60% of the nation’s output. As a conscquence.
price agreements among producers were prevalent. beginning as carly as
1886. And. partial agreements persisted unnil the foundation of the Central
Siderirgicain 1907. a producers union which controlled 100% of the Spanish

production.

The development of this sector took place after the construction of
the rail network {at least of its peak phase) which generated a huge demand
for steel produets. At that rime. they were mainly supplied by Freneh firms.
Before the Liberal Revolution of 1868, steel producers had begun asking for
protection. They succeeded only after over twenty vears, when their mterest
coincided with rhose of other producers. Producers from several industries
as well as landowners’ mterests mfluenced the Tanft Aet of 1891, Given
the low stage of industrialization in Spain at that time. and the loss of
landowner income due to massive grain imports after 1870 {which was due
to large reductions in transportation costs after the Crimean War). the idea
of proteceting the domestic market to facilitate industrialization became very
popular. The initial protective tariff was so high that most imports dried
up. But unfortunately. mdustrialization did not happen as fast as 1t was
expected. Industrial profits and landowners” rents inereased significantly. but
this did not imply substantial growth in demand for iron and steel procuets.
New tarifts were imposed in 1906 and 1922 1 order to avold competition

from lighly productive foreign firms.
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Since the end of the 19th century. the demand for iron and steel goods
oxceeded supply. After the establishment of the proteetion tariff. iron and
steel firms followed a less agressive production strategy and benefited from
their monopolistic power. Increasing protectionism was a dominant market
feature beginning in the last decade of the cighteenth century. The effective
tariff level in 1913 was as high as in the rest of Europe in 1930, The iron
and steel tariff was 309 hieher than the mean of European tariff in 1913 and

250% higher in 19274,

As a result, steel producers hecame one of the most economically
important and politically influential groups in Spain. This interest group
constituted a solid organization with financial power, that turned into the
leading industry asking for protection as a method of rent seeking instead
of competing for foreign markets to increase the seale of production and
profits as they had done before. Given the industry concentration {(economic
and geographic) it is reasonable to assiume a high homogeneity of preferences
among members although firt characteristies were quite different. The group
was lead by Altos Hornos de Vizeaya (AHV), It is commonly accepted that
Altos Hornos de Vizeava behaved as price leader in the producers union
Central Siderirgica. and the remaining firms comprised a competitive fringe.
taking prices as given. The development of the sector generated so much
lignidity that it was the oriein of today’s most important financial institution
in Spain. Political influenece reached the point that some of the firm managers
had simultaneous responsibilities at the government. as General Directors of

25

Tariffs and Customs. or even as Ministers of the Government

. . N . - .
' Aost of the data provided here on the Spanish iron and steel industry can

be found in Fraile (1991) and Nadal (1975).

2 Pablo de Alzola. president of AHV. wax also appointed president of the
commission of enquiry set up in 1904 to report on the revision of the 1891 tariil.

See Harrison (1978}, pp.81 85,
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4.2 Key Assumptions of the Model

In this section the theoretical model is justified as being applicable to the
analysis of the protectionist policy of the Spanish iron and steel industry
in the first third of the 20th century by tyving the model’s assumptions
to historical facts. Though this is not a completely homogencous period.
some of the models parameters can be estimated using information from
these vears that show stable patterns. Parameterization of the model will
he focused on 1913, a vear that represents the end of a long homogeneous
period of industrial development and tariff protection. Following the order

of appearance of the model’s assumptions. we have:

2} No entrv -exit. This hypothesis is completely satisfied before WAVL
Most firms started producing in the last quarter of the 19th century. During
the war. a few firms entered the fndisery 1o benefit from the strong demand in
that period. And firms also took advantage of the restrictive tanff poliey and
the subsequent expansive economic policy of Primo de Rivera’s Dictatorship.
Some of these firms had their origin in previously small related business or.
as in the case of Altos Hornos del Mediterranco. in Altos Hornos de Vizeaya
itself. However (as Table B.6 shows in appendix B with this exception. none
of the entrants achieved a market share above 2.5%. Hence. an analysis of
the tariff policy in 1913 is consistent with the model but the implications for

later periods should be interpreted more carefully,

b Infant Industry. The Spauish firms had not exhausted the learning
process. so that production decisions must also be considered investment
decisions. The low mean size of the Spanish firs as compared with the world
standard suggests that large cost reductions would be possible. While the
international mean firms” capacity increased from 50000 tons/yvear to 500000
tons/years between 1900 and 1930. Spauish iron and steel average firm's
capacity increased from 24000 tons/vears at the beginning of the century to

GGOO0 tons/vear in 1930%". By the turn of the century. Spanish accumulated

t

]

Moreover. as stated hefore. around 60% of this capacity was concentrated
in Altos Hornos de Vizeava, See Fraile (1991). pp. 146 119,
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production since 1860 reached 4786 thtous of iron and 2787 th.tons of steel
compared to the British accumulated production of 281201 th.tons of iron
and 72449 thousands of rous (th.tons) of steel for the same poriod'ﬁ. While
this indicates the existence of unexploited static economies of seale. it also
allows for the possibility of potential important learning by doing efficiency
eains unless the learning curve is very steep in the first stages of industry

developient.

¢} Learning onlyv reduces fixed cost. Dynamie economies of scale
reduces total cost in general. Economic analysis is traditionally focused
on the effect of learning on marginal costs. This is the appropiate approach
in a long run framework. but fixed cost reduction up to the optimal long
run level is not negleeted by this approach. The iron and steel industry
is highly capital intensive. Furthermore. most produetivity inereases for
variable factors over the first half of the century are explained by capital
embodied techuical improvements in furnaces and equipment®®. And. one
common and important feature of the iron and steel industry is the high
share of fixed to total costs, Most improvements involve the employment of
more fixed factors sueh as inereasing the size and height of blast furnaces.
mechanization of handling and stocking. or addition of mixers. gas cleaners.
electric steelmaking. ote. Pratten (1971) has shown that scale expansion of
the British industry in 1960°s reduced fixed cost more than variable cost.
It scems reasonable to asswne that this effeet is even larger in the mntial
stages of industrial development.  However increasing productivity, which
took place during the first third of the century should also be accounted
for. For instance. the wage/ton ratio of cast iron ration at AHV reduced
33% bhetween 1902 and 1921, And labor productivity in the Spanish steel
industry inereased 60% between 1916 and 1930 although it decreased 149 in

27 See (Carreras (1989), pp.200 201 for the Spanish case and Mitchell (1992),
pp.-bi8 356 for the British case.

2 Goe Pearl (1978%) for a detailed survey of major technical advances in steel-
making between 1900 and 1950.
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the iron industry®?. Therefore, the optimal tariff poliey derived herein should
at least to be considered an upper bound since variable costs do decrease over
this period. Using the same reasoning. calibration of the model will provide

a lower bound for welfare losses due to departure from the optimal poliey.

) Constant instantaneons returns to scale. The assumption of con-
stant marginal cost is justified by the important excess capacity that charac-
terized the Spanish iron and steel industry during this period. Even during
the peak demand war period and despite the dictatorship induced expansion
of the 20s. the average production/capacity usage ratio was only 72% for

iron and 67% for steel. See Table B.1.

e) Conrnot competition. Economie historians commonly agree that
the Central Sidertirgica allowed for the cartelization of the industry through
price agreements, However. signed agreements involved both price agree-
ments and market quotas according to chapter 7 of Gonzalez (1985). The
adopted conjectural variation approach should capture, at least in some hm-
ited sense. the strategic elements of firms’ decisions indicating whether price

or quantity competition was more likely to be the main control variable®"

f) Tariff policy vs. other trade restrictive policies. Spain’s iron and
steel exports coustituted only 3% of domestic production between 1908
1930. In the peak war demand period. it rose to 15% . However, imports

Y% of domestic production for the same period reaching a

amouuted 1o 18
maxim of 49% in 1921, These facts definitively characterized Spain as an
importing country. Until the end of the Spanish Civil War. the government
did not participate direetly in the production of iron and steel. Nor was there
a generalized subsidy policy. Instead. there existed important government

contracts during this period: the replacement of the Spanish fleet after the

Ry

1 See Fernandez de Pinedo (1992). p. 136 and Fraile (1991}, p.155.

M Fraile (1991, §3) applies the standard static Stackelberg price leader
olizopoly maodel 1o explain the welfare implications of the leadership of AHV into
this producers union. The major problem with his approch is that 1t does not
account for dvnamic issues that necessarily arise in a period over fifty years.

to
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Spanish American war awarded by the Maura Government and Primo de

Rivera's Public Works Poliey are good examples of this®!. However. tariff

policy was by far the most extensive trade restricting poliey employed.

) Competitive foreizn firms. International cartelization in the iron
and steel industry was widespread by the mid twenties. but prior to the
first World War. there were ouly minor differences hetween national and
mternational prices for the European major producers {United Kingdom.
Germany. Frauce. Belgium Luxembourg)?*?. Moreover. the model assunies
that strategic effects are ignored by foreign firms. This may be justified
by the small size of the Spauish iron and steel industry as compared to
the European market and in particular relative to the British market which
was the major foreign supplier®®. Table B.4 shows the relative size of all
the Spanish imports over the British production: the mean is slightly above

154,

h) Foreign firs do not reduce cost. The world steel industry ex-
panded during the last ¢uarter of the 19th century as a result of radi-
cal technical Innovations: the Bessemer process (1869) that required high
grade hematite ores. the Martin Siemens process (1869) that allowed for the

use of serap ron. and the Thomas process {1879) that macde possible the

*1 see Harrison (1978, § 3).

* See Sveunnilson (1931, §7).
P This is a common opinion although difficult 1o illustrate with approplate
data. The Memorandum on the fron & Steel Industry of the League of Nations
(1927} provides a joint measure for Spain and Portugal imports. Between 1913
and 1925, British iron and steel products inereased it1s share of these two countries
imports from 15.3% to 61.5%. See also Fraile (1991). p.176.

** This measure has to be considered an upper bound since we are accumulat-
ing all the Spanish imports on the British market. With the data provided by the
Department of Overseas Trade (1928), Spanish imports from the United Kingdam
represented only 0.23% of British production in 1913 and 0.36% in 1928, According
to the League of Nations (1927). the share of Spanish purchases of British exports
imcreased from R6% in 1913 10 1.37% in 19253,
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use of phosphorous ores. Altogether. these represented 90% of Eunropean
production at the beginning of the war. The increase in iron and steel
production between 1900 1950 was due to no such striking mmventions but
rather to increases in the seale of operation: improvements of larger furnaces
and associated equipment. a much higher driving rate. developments in the
mantfacture of coke. the utilization of waste gas and greater fuel economy.
and the discovery. exploitation. and transportation of more plentiful. richer,
and cheaper ores. The Ameriean industry was by far the iunovative leader.
However, most of these technological advances can be 1ignored for the present
case study. The technological gap was particularly important between the
American and the British iron and steel industry®®. The British industry
(Spain’s major foreign supplier) was characterized by a low degree of con-
centration and a slow technological diffusion speed which made 1t elearly
obsolete as compared to 1ts Continental competitors by the outbreak of the
war®®. In addition to the increase in production of steel products. there was
a major process of substitution of steel for wrought iron. This important
factor of modernization in the steel industry had been already exhausted by
the British industry in 19137, Finally. most innovations took place after the
war. so that this assumption mayv be reasonably applied for the analysis of

1913%%.

P As a matter of fact. by 1900 the American/British ratio of labor produc-

tivity was 2.5:1 for open heart and 6:1 for Bessemer steel.

M See Carr and Taplin (1962, §22). Pearl (1978}, and Svennilson (1951, §7).
T This substitution pracess was particularly early and sharp for the British
industry. Between 1883 and 1895 the percentage of pig iron converted into wronght
iron shrinked from T0% 10 A% . See Schubert (1978). p.61.

M For instance, large scale exploitation of Lake Superior ore started in 1892
atd by 1900 it supplied 73% of iron are requirements of the American industey.
("oke cansnmption per ton of pig iron reduced from 21.5 ewt [hundredweight
112 pounds in UK. to 13 ewt hetween 1900 and 1950 but the mean British
consumption exceeded 30 cwt between 1900 and 1930, By-products methods of
coke production (tar. benzole. ammonia. and naphta) were notl generally in use until
the end of World War 1. Technical difficulties in inereasing the size and driving rate
ol blast -furnaces were not overcome until that date either. Agelomeration of iron

29



i) Product differentiation. This is a difficult point to justify because
of the lack of accurate aud detailed information. Spain can be considered
a small importing country with a low development level during the relevant
period. Tables B.3 and B.4 show the relative importance of Spanish produc-
tion aud the level of imports and exports relative to domestic production.
As can be seen. the importance of exports declhines. It s realistic to assmme
that mport produets were those techuically more difficult to produce. As
tariffs increased. imports of elaborated products (e.g.. from Germany and
Belgium) fell sharply according to the League of Nations (1927).

i) Svmmetry. It is evident that firms in the Spanish iron and steel
mdustry were not homogencous.  This was discussed earlier and data 1s
detailed in Table B.6. The largest firm by far was Altos Hornos de Vizeaya
{AHYV) established in 1902 as a merger hetween Altos Hornos de Bilbao. La
Vizeava. and La Iheria. Its market share fell from 71% to 52% between 1900
and 1930%?. This is the main feature distinguishing the Spanish industry from
the rest of the European industries: It was highly concentrated around one
only firm. However. we analyze the svmmetric case by using a hypothetieal
svinmetric firm industry that equals the actual asymanetric solution. For
cacll N firm asvmmetric cquilibrium there 1s an equivalent hypothetical
n firm symmetric equilibrium that is defined through the Herfindahl Index.
Let ! be the firm 7's actual share of marker sales at time #. Then the
hypothetical #* is defined by:

A n'

=1 1=1
This method is also used by Dixit (1985). Table B.6 reports Herfindahl
indexes for different years and markets. They will be used later in the

parameterization of the model.

ore by heat treatment began before 1900 but pelletizing of fine ores was developed
by 1936, and onlv [1% of the burden charged 1o British blast—furnaces by 1950
was sintered. Lastly. automatic charging did not start until mid 1920s.

 The decrease is not that important if we consider that Ahos Hornos del
Mediterrdneo was linked to ARV,
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k) No spillovers, According to Fraile (1991). p.145. Spanish producers
knew about innovations in the industry and international transfer of technol-
ogv was allowed most of the time. However. location. producet specialization
and differences in seale among firms justifv the assumption that learning

cconomies did not spread through the industry™®”.

5 Model Calibration

All data used to estimate the parameters of the model are detailed 1 ap-
pendix B. Sinee there is not data available on tariff revenues by products. X,
the production of iron and steel is derived by adding up the Spanish produc-
tion of iron (IRON) and steel (STEEL). Imports of iron and steel products.
M. are obtained in the same way (SAMI4+SMS). Domestic and foreign prices
for these ageregated goods are compted as weighted averages of the reported
prices for each good (SPIP. SPSP. UKIP. UKSP). A representative measure
of the applied tariff is added 1o the weighted average of foreign iron aud steel
products in order to obtain their value in Spain’s domestic market. Over the
first third of the century. the 1891, 1906. and 1922 Tarift Acts apply. We
choose the 2nd tariff on rhe irem: “Wrought Iron and Steel Products whick
exceeds 100 Ke.™ as the repesentative taritf for each subperiod. It has vahies
of 50. 100. and 200 Pts./ton'!. Table 2 shows the estimates of the model

paratetrers,

Demand equations (3) — {4) have heen estimated for 1907 1928 by
[terative Three Stage Least Squarces constrained to satlsfy symmetric cross

effects,  The price of iron and steel products shows two clearly different

41 A - . - . . . .
1 Gonzdlez (1985, §14) provides a complete descriptive analysis on differences

in production. labor productivity. prices. and product specialization of Spanish
iron and steel Industry between INTO 1913,

' 3We chose the 2nd tariff instead of the 1st because it applied to most Euro-
pean countries for which trade agreements were established. Also. the ratio between
tarifl revenues from imports of iron and steel products and quantity imported is
02.83 Pts./ton for 1913 according to the Estadisticas de Comercio bExterior de
Fspana. The chosen tariff shows the closest approximation to this ratio.

31



Table 2

Parameter Estimate ! t statistic
o 615714501 | 1.231574
al 274016070 | 3.040703
b 0.990809 | 2.656650
k L 0.450731 1 1.690828
o 500.114550 | 2.874538
al, 345.732890 1.978608
Bon 1773377 0.572433
ca 658.429820 0.747573
e 0.185449 | -0.908474
e 2.092E-5 1.189104
3 1.400824 0.638194

patterns over this sample: they steadily grow up until the eud of the 1910s
but sharply decline since the beginning in 1920, A dumumy variable has been
introduced in order to capture this effect so that each demand intercept 1s
AV up to 1919 and «! + ! from 1920 on. As can be seen. all parameters arce
positive and the concavity condition is fulfilled. Det H[U(X ', M) = 0.38% >
0. Cost parameters are obtatued by estimating (8) using OLS for 1902 1916.
The estimation is referred to AHV. Data on cost is not available: 1t has been
inferred from the data on profits and estituated sales®. Cost parameters are
not significant but they will he taken here as given in order to illustrate the
model. Sign restrictions are fulfilled resulting in a convex deereasing fixed
cost funetion. In addition to these estimates. it 1s necessary to specify the
following model parameteres: r = (.04 is the average return of the Spanish

Public Debt hetween 1900 and 1923, 1 = 124 is the inverse Herfindahl Index

¥ OAHV S production of iron and steel, w). is computed as a share of the

Spanish total production. This share evolves lincarly according 1o the domestic
market shares provided in Table B.6 for few vears. Accumulated output. y!f adds
cach vear produetion on an initial value of 55311515 thotons, e 79.61% of the
iron and 61.877 of the steel produced in Spain between 1860 and 1900.
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for year 1913 as shown in Table B.G. finally. A H0Y and M 0) are computed
in cach case by solving (3) — (4) for 7' = 0. Furthermore, a and . the
weights of the planner’s social welfare funenion. are constrained to be equal

to one for most of the cases,

Table 3 shows the solutions of the model under different assumptions.
Parameters ¢g. ©1. 5(). and o are the unknowns of the Riceati equations as
defined in appendix AY . 5oL . Fo. and 7 ave respeetively. the intercepts and
slopes of the optimal aggregate production and tariff strategy as implicitly
defined by cquation (13). Welfare components are shown in 1913 millions of
Pts.: 7(Y) is Pts./ton of iron and steel imports. Optimal domestic production
and lmports are mceasured in thousand of tons. Finally. Iy 1s an index of the
relative {static) welfare for each situation. The reference value corresponds to
# = 0.463/124. The bottom of Table 3 presents the best response strategies
and induced welfare components for the actual accumulated output 13 1913

whicli 1s 16712.1 th.tons.

The conjectural variations approach followed here allows us to de-
termine for which value of # firms™ perceived marginal revenue equals their
marginal cost. In this case is & = 0.463/124. the value for which optimal do-
mestic production equals actial domestic production for 1913, Tables C1 to
('35 in appendix C presents different stages of computation that approximate
this resnlt. Theyv also illustrate the nature of the solution as 6 varics between
0 and 1. Tt is worth noting that the chosen value of 8 corresponds to a fairly
competitive regime according to Table 1. This is the first important empirical
result of this paper: it contradicts the gencral belief about competitiveness

of the Spauish iron and steel industry in the first third of the century.

13 R . . . . R . e
¥ Riceati equations have been salved nsing version 2.0 of Mathematica. The

estimates of Tahle 2 were computed using version 7.03 of MicroTsP.
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Tliere are two open loop equilibria for cach value of 8. None of these
solutions fulfill the requirements of Proposition 1 since o) is always positive,
Open Hoop solutions would need an additional institutional or technological
source of commitment to be considered a eredible equilibria. This source of
commitment is difficult 1o find in the present framework. And. m addition.
it would always lead to time ineonsisteut policies under the actual param-
eterization of the model. Therefore. we will foeus on closed loop equilibria
for the remainder of the paper. In order to ecase the exposition, we will rely

on the following techuical result.

PROPOSITION 4: For § = 0.436/124 and the estimated model pa-
rameters. there are four possible values of og. 0y. on. and ch1 that solve
the MPE. but onlv one induces a time consistent tariff policy in an wfiuite
horizon game, However, there is not any such time consistent equilibria for

the symumetrie Cournot oligopoly.
PROOF: See appendix A,

Table 3 shows these four solutions for 8 = 0.436/121.  Ouly one
of them is such that o7 < 0 and o, < 0. Therefore. in accordance with
Proposition 3. there is a unique time consistent tariff policy for the infinite

horizon game within the space of continnous strategies.,

The behavior of the time consistent solution as a function of # is
depicted in Figure 1. Several iterative computations show that the solution of
the Riceati equations is not time consistent in a narrow nelghborhood of the
svimmetric Conrnot oligopoly solution defined by # = 1/124. In particular.
the solution is not time consistent between {6 | o = 0} = 0.49395/124
and maxg{f | o, = 0} = 1.51215/124. Since the value of § that cquals
the perceived marginal revenue and marginal cost falls outside this interval.
we can rule out this interval of the conjectural variations parameter from

consideration.

As Table 3 shows. the optimal level of tariff protection for the time
consistent policy is much higher than that actuallly representative of 1913.

This sccond empirical result also contradicts the traditional view of this
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problem. However. this result was expected from the argument about the
small average size of the Spanish firms compared to the European standards
at that time. Using (6) and the model parameterization. it follows that
any tariff level above 99.161 Pts./ton is prohibitive. Similarly. from (8) and
the syimmetry assumption. the aggregate level that for which learning is
exhausted is Y* = —ney/es = 1099220 thtons. Therefore. since learning
is far from being exhansted (the aggregate acenmulated production for year

1913 is 16712.1 th.tons). there still exists huge economies to exploit.

This model also allows us to measure distributional effeets through the
computation of a aud 3. Fraile (1991} justifies the traditional explanation
of a “captured government” by iron and steel producers. The argument
relies on arbitrary measures of pressure group's power. He also argues that
tariff policy was used primarily as an instrument to raise revenues for the
government as opposced to being ned to maximize welfare. Noue of these
hypothesis are supported by the present calibration of the model. The
advantage of the present method is that it obtains o and J as the result of

intertemporal optimization by consumers. producers. and the government.

To compute o and 3. in addition to the four Riceati equations (4.1)
of appendix A. (13¢) and (134) must be inchuded and equated to actual
production and tariff levels, This is illustrated in the last rwo lines of Table
3. In the first of these two lines. produetion is fixed at 837.7 th.tons and
tariffs are fixed at 100 Pts./ton. the actual levels for 1913, In addition to
the offects ou the rest of variables. it should be noted that both o and 3
are lower than 1. This result leads to the astonishing conclusion that the
government is captured by consumers instead of by producers. and that 1t

underweiehts tariff revenes into its objeetive welfare function.

However. in this case. the optimal tariff level is slightly above the
prohibitive level. While this result is quite acenrate for iron products. it does
not matell well for fmports of steel products. which reached up to 26.48% of
domestic production in that vear. The model is then calibrated ou the last
line for a different scenario where (13a) is equated to the level of production

for 1913. and (13h) is equated to a taritf level that generates the actual
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imports of iron and steel products for that vear. Since a subsidy is required
to generate 1913 levels of imports under the present parameterization of
the model. conswmner surplus rises while profits decline. This is due to the

reduction in prices of iron and steel products forced by foreign competition.

Observe that the distributional parameters o and 3 remain quite
stable even mnder such different seenarios. Nevertheless, these results must
be interpreted carefully. Between these two scenarios 7 goes from above the
prohibitive level to negative values. The structure of the demand system may
be driving this result hecanse the actual estimation of demand parameters
allows a relatively low prohibitive tariff level. In the first scenario 3 could he
very low hecause 7 1s so high that imports are restricted. and tariff revenues
are zero, By contrast. in the sccond seenario. 3 could be very low hecause
7 has 1o be negative in order to allow for imports to reach their actual 1913
levels. However. this caveat does not apply to a. Under both scenanos. the
applied rariffs are very low as compared to the socially efficient tariff level. so
that it is difficult to argue that the goverument was captured by producers.
On the contrary. since imports were in fact allowed while there still existed
huge learning economies to exploit. we must conelude that the govermment
was captured by consumers. This is correctly reflected in the estimates that
imply an 18% higher valuation of consumer surplus over producer’s profirs

11 the social welfare funection.

To complete the analysis. we must address how changes in the model’s
paramecters affeet the optimal production decision and tarnff policy. In ap-
pendix C.tables C.5 through C.15 derail the effects of changes in the model's
parameters (except ¢ which does not enter into the Riceatl equations), for
a neighborhood of £23% of their estimated value. Even in the face of all
these changes in the parameter values. the optimal tariff remains above the
prohibitive levels in cacli case. so that optimal imports and tarff revenues
are zero, All the comparative staties exercises are monotone along the range
of variation in cach parameter. Table 4 summarizes these results. This
table shows the arc-elasticity of cach item with respeet to several parameters

evaluated in a neighborhood of 3% about thelr estimatecd values.
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A shift in demand for domestic goods. a,. increases the dowmestic
market profitability so that optimal production is also higher. It also raises
the optimal tariff by the same proportion as the increase in demand in order
fo mantain this increase in demand served by domestic firms and to extend

the learning effeet. All of the components of welfare increase but most of the
1

p;ain ACCTrues to consumers

Since b, > 0. the steeper is the demand for domestic goods. the
lower is consumer willingness to pay. The argunent is the opposite of the
previous disenssion of @, . as is the effect ou the optimal prouction and tariff
levels.  Welfare decreases. but while a decrcase in the slope of domestic
demand sharply reduces the consumer surplus. profits increase. This is easily
explained by the elasticity of demand for domestic goods with respect fo
its own price whicl is less than 1. The reduetion in domestic production
without allowing imports raises producers revenues by a larger percentage.

and therefore. profits merease.

Exactly the same argument applies to k. the degree of substitution
between the domestic and foreign produced goods. The difference relies only
on the magnitude of the effect of changes of parameters. An increase in the
degree of substitution reduces consimer willingness to pay for domestic goods
less than a decrease in the slope of domestic demand given the estimates of
Tahle 2. This increase in the degree of substitution slightly reduces optimal
dontestic production. which allows for an important reduction in tariffs. even
though consumers are now more willing ro buy foreign goods. Profits mercase
by the same proportion as consumer surplus falls due to the inelastic domestic

demancd., Overall. welfare decreases.

Changes in demand parameters for foreigu goods have just the oppo-
site effeets of the correspondig parameters on demaund for domestic goods.

An increase in a,, and a decrease i by, raise the willinguess to pay for foreign

11 ) - . . B
o1 and o are invariant to o, because it does not enter the second and

fourth Riceati equations of (A.1). Consequently, the slopes of the optimal linear
strategies for both. production and tariff. are also unaffected. The same applies to

(. 1. and ey,
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goods. Sinee the demand system has only two goods. rhis implies that they
lower the willingness to pay for domestic goods. The absolute values of the
effect of changes in a,, and b, on welfare components are significatively lower

than the corresponding changes i «, and b,.

The following set of parameters refer to the cost funetion. All of them
are inversely related to the optimal production decision. and thercefore also
to the optimal tariff and consumer surplus. Compared to the magnitude of
demand parameters. cost parameters’ effeets are of second order. When the
speed of learning inercases (¢ < 0 bhecomes smaller) production inereases.
Consunters benefit from a loswer cost supply of domestic goods even when the
tariff has raised. The reduction in the price of the domestic good also reduces
producers profits because of the inelasticity of demand. This reduction offsets
the inerease in consumer surplus. An increase in the convexity of the fixed
cost function ey causes cost to decline sharply. henee producers benefit more
while learning lasts. However, the inerease in profits does not compensate for
the reduction in consymner surplus. Finally. any reduction in the marginal
cost, ¢z, increases optimal production levels. consmmer surplus and ceven

producers” profirs.

Any change in the interest rate generates the most dramatic changes
i all of the items reported in Table 4. Production 1s strongly and inversely
related to r. An inerease in r reduces production levels and consumer surplus.
while profits raise sharply. As has been shown to be typical. the effeer on
consumer surplus dominates. The same happens to a but on a smaller scale.

and the opposire holds for changes 3.

6  Concluding Remarks

The main contribution of this paper is to show rhat there exists an optimal
time consistent tariff policy which ensures maximization of a discounted
welfare function when there exists learning effects. Assuming that learning
is limited to fixed cost reduction and that demand follows a simple linear
structure. the optimal equilibrium strategies have been derived in closed

formmn.  This result allows us to prove the intuitive result that auy time
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consistent tariff policy must involve a deercasing tariff in order to compensate
for the exhaustion of the learnine process with foreign competition.  The
optimal policy balances the actual loss in consuner surplus with future gains
from lower costs. and when learning is exhausted. the excessive monopoly

power of the domestic firms is offset by higher foreign competition.

The model has been applied to the case of the Spanish iron and steel
industry hefore the outbreak of WWILL The theoretical assumptions of the
model have been linked to this particular case. The calibration of the model
shiows surprising results as compared to the established interpretation of this
problem. First. firms seems to behave more competitively than expected.
Sccorul. the learning effect is so far from heing exhausted that even a higher
tariff than the one actually applied is required, Third. the hypothesis that
the government is captured by producers and that tariff revenues are used

by the government as a way of rent seeking are rejected.

Tle usual caveats to any calibration exercise apply to the present
work. This exereise shonld be understood as an illustration of the model. and
its implications must be interpreted carvefully. More general specifications of
demand and cost functions may result in a better description of the facts
that we addressed. but this can not be executed without meurring m some
cost. Henee, for example. the more commonly considered case of declining
marginal cost or a nonlinear demand system could be solved numerically as in
Pakes and MceGuire (1992). The disadvantage of this is that it is not possible
to obtain analytic MPE strategies. so that the characterization of the tune
consistent tariff policy will be more cumbersome to obtain, if possible at
all. Finally. a more detailed data set is required to improve the value of the
ewpirical findings of the calibration exercise. This is espeeially the case for

cost data.
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Appendix A: Technical Results

Derivation of Optimal Controls

Given equations (3) {6} and (8). cach firm's stage profit function is:

n
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From this. the currenr Hamiltonian for firin ¢ 1s:

n

1 1 1 ‘
HY = (= 2by ot = kMO (et engl 4 sy 4 eel) + Al
2 I 2 2
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i's optimal control is well defined. The solution must satisfy the following

generalized Hamilton Jacobi conditions:
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Usineg these expressions and firms” conjeetural variation paranieters. equation

(10) is obtained by aggregation of the above necessary conditions.

We also must address the welfare function, The weights of the govern-
ment s objective function, of and 4 are assuuned to he piecewise continuous
functions of time. The components of the government’s objective funetion

are written as follows:

1 1
CS'(y' ot or =S X M ON (R 4 by MO
1 -142 2 -ty i
~ 3 (B A X Dy (AL 4 20 X0
{ i i { i t H { 1 b 4 1 t =
My .ot 7y =ns(y 0.7 ) = (4, — 35“\ - SA’M' JRY

1 .
, -t 12 -1
—(neg+ e} 4 7('2() )T A ey X
2n
tot _t 1y st
Ry 7y =721
Therefore. the current Hamiltonian for the govermment becomnes:
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Differentiate tlius Hamiltonian ro obrain:
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where To(X 0. A0). af. 3" and T30 7" are implicitly defined by the
first optimality condition. Then. equation (10} follows from the above spece-
ification of government s Hamiltonian., Observe that the Envelope Theorem
can be used to simplify the second generalized Hamilton Jacobi condition by
substituring with the the first one. so that the government s co state variable

does not depend direcetly on firms actions,

For this problem to be well defined. the coefficient of (71)% must he
negative. Substituting (3) (6) iuto the current Hamiltonian expression and

gronping terms. it can be shown that this condition holds whenever:

S g L by, 1
2h,b, — k* 2

Observe that 7 is determined entirely by demand parameters, so that. given
the concavity of the utility funetion. it is possible that 3 > 1. Therefore the
governiment's welfare maximization problem may not he well defined. In the

present study case 3 = 0.56329.

Proof of Proposition 1

For convenicuce. denote by v, a (n-+1) % 1 veetor with all its elements equal to
zero exeept the i th. which s one. Similarly Vi denotes a null (n+1) < (n+1)

matrix with a nnit element in the 1 th position of rhe diagonal:

¢ =0.---.0.1.0.---.0}. Vo=

i 14

Drop the time superseripts for notational simplicity.  Any finite horizou

linear quadratie differential ganwe can be written in matrix form as:

T 1 1 n+1 1 1
U, = /“ 3?}’Qi.fj + 5 Z .I‘_IfR,'J‘.I‘J' + 5 Z ?':.j.l‘j + q:-y + fz e "t
' - R Tt

1
+ Sy (TS T)

n+1
y =y + Z Br;
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In general. the proposed linear solution (12 1s:

/\] ou1 D11 0 o 0 Y1
_ : " '[-) - . : : — Q=0 (}U.

)‘n (-)“()rz : - O n 0 Y

Anil @ 0 0 c‘;l Y

Next. define the following matrix of net effects of the state variables over the

control variables:
n+1

Z=4-> B.R7'BX,
=1
Each of these matrices may be idenrified for the present model. A s an
(n+ 1) % (n+ 1) null matrix. 7 is a diagonal matrix because each player
only has one control variable: its clements are equal to —b, < 0 for + =
1..... n.and Ty(31) < 0 for i+ = 1+ 1 {see the derivation of optimal control
paths in this appendix). B; = r; in the symmetrie and no spillover case for
r=10.. . neoand By = pip/1n > 0 by svinmetry and equation {5). Finally.
Q,=MVi=oVifori =100 n. Therefore:

w0 0
" (jll - ll'_;- "N . i []
Z;Z by Li? e b = : " D1
i=1 . . o 0
0 - 0 =T (30

Papavassilopoulos. Medanic. and Cruz (1979) have shown that af ot
and 7' satisfy the Riceati equations and the real parts of all eigenvalues of
matrix Z are negative. a MPE for rhe finite horizon is also an MPE for
the infinite horizon. In this model. Z 15 a diagonal matrix with o), on its
diagonal multiplicd by some positive constant (provided that the optimal
control problems are well defined for cach player). Then this asymptotie
stability condition is equivalent to all co state variables being negatively
oo n+ 1. and

o1 < 0. Since the symmmetrie model collapses into a two players differential

related with accummlated output, e o, < 0. for 7

sane { the government and any representative firm) withon = 1. this condition

requires that o) < Gand o) < 0. m

16



Riceat: Equations

For convenicnce, define the following parameters:

Tol X10). M0 a3

i, — RAOY A+ by, WES — 204
_ 103
7= b2+ 6)
Ritwefi
Ty =17 i
b2+
2
7 b (248
hyn[2nf — 8 - 1]
Ly = 5
Rt fir
L = e
ERINED

Observe that using these coefficients {13a) vields:

XYY =o Fmalon+ o YV +oslon + o)
IXTY .

T =T + T30

Begin with the closed loop solution. First. differentiate the proposed

solution for the co state variables (12):

/\r(}—r) ZO]}..’ = (D]‘YI

=

-t - X - -

MYh=0Y =0 X!

Substituting (13«¢) and making nse of the above notation we get:
N -F . - - - Iy
MY =101 + 0v0100 + 70100 Y+ ovo00 + m3o7} l

-t N s Tyt T2 : - -t
MY =101 +ou0100 + 0201Y "+ az0iop + g30100 + 0301011

47



Now sibstitute (12) into (90) and (108) using (13} aud its derivatives. This

leads to:

- 1 S
M=rog +ro Y — ey — Y 4 Sh,.n[ZnQ -6 —1] {cr] +as(og+ oY)

e - 1 - ~ .
4 aglog + o) r)] lryon + oyor] — 3"*',”1” [f'fl + aulog + o1Y0)

Ly + If.r((-r)u + ff;l}'!)} jl,-(.;|

..._;_rr;;((,),]+(.‘)|Yf]#,u,. T, I,

3 N N t 1725
A =rog+ro Y +aley o —1

H

Equating coctlicients gives the following set of Riceati nonlinear equa-

tions that mnust be satisficd by any MPE:

ayop + [l — vgogloyog + ayl — L0 T3]0 oy A
' 2
e [Jl - Ifxrf'—H'.‘nUz - t'l}szaOuOl
[0 I S B P
et eyl - FEY— 03y — roy = )T = Ny
E s i L2
[Uz — 2ugay03 + f.‘]”:;]OlOl + oyl — epog o {4.1)
) we NS
-—}—[t_l[(_r_;-vﬁ)—r;l,rrz](,)] — ron = —y
T1o) + T 0) + T30100 — Ty =a'cy
T T ; f
T07] + T30101 — IOy =a'cy/n
- . . . A ar'
Working in the same wav but assuming that 220 = 27 = (. the
g A g ay? Y

open loop solution must satisfy the following equations:

TLO] + T20100 + Ty On — Iy = —nacy A
N L2 .
T + F30] — 'Oy = 0
{A.2)
T -+ T + T30 0p — Foy = (II('l
-, N N
TH07 F+ TR010] — 1O =oa'cy/n

which 15 exactly (A1) with oy =0y =0



Proof of Proposition 4

First. observe that regardless of the values of oy and og. any solution for
and o; must fulfill the second and fourth Ricatti equations of (A.1) which

only involves these two variables. Let rewrite them as follows:

) B T P
aymgol + oo o Fmpoy —rop = M2 (A.3)

(f‘_g(;)f + T30 0 —rop = A4 (A.4)

where » = 0.04: 0, = —0.131538: 73 = 0.00812416: iy = 1.03879: . =
0.0633826: m, = —0.142805: My = —2.092 » 1077, and M; = 1.6871 x
1077, according to the model’s parameters. This system cannot be solved in
closed form. However. the proof of the existence of fonr solutions is almost
inmediate. We can implicitly solve this system by equating the following

CXPTCSSIONS:

. '—(IH;;(.;] — 7') i \/(.’Hg(?)] - ?‘}2 - 40;;:;1(,(rwr,<;'f - J.['_g)
oy =P = (4.3}

20’;;??;‘[1

N ‘1- ! .; _ " ;..’
o :(I)z((jl'): f;—r—f()t (J'_()I (:14,]

T3y

The intersections of these two hyperbolas solve ®{0) = ®,(0)) which
becomes a fourth degree polynomial i o,  Therefore. this problem has

four possible roots.

The proof of a unique infinite horizon. time consistent tarift poliey
will rely on the shape and relative positions of the roots of (A.37) and (4.4).

It will be referred to the actual parameterizanion of the model.

According o the classification of conies. (A4.3') is a hyvperbola smee
2 . .
dogmgmy < ;. It can easily be eheeked that this hyperbola has no asymp-
TOTes, S11ee:

Jim @0y =x and  hm P(0)) = —x
] — X 0] — — X

{4.3") has no real roots. In addition it 1s not defined over the interval I =

[oih o] = [20.41762. —0.21038] where (201 — 1 )? — dagmg( ol —My) <

19



Figure A.1

0. The upper branch of this hyperbola achieves a local maximum (¢, =

—0.57573) at o = =0.62876 < ;. while the lower branch achieves a local
minimum (¢, = 5.22525 x 107 at o} = 5.70776 x 107" > 27 . Finally.

—i

its intereepts are {o).o;} = {5.23058 x 1077473921}, Similarly, (A.47) is
also a hyperbola (0 < o3} with two asymptotes: the vertical axis and the

line: Aloy) = {r —ou r_;l )/ o4, sinee:

ime (o)) = x i du(o) = —x
oy —0F oy —0-
. b, (:)1J (2] . N T2 - r
l1m ‘—[— = —— e [ Poto)+ —o | = —
o —x O T3 o — 73 T3

(A.4") has two real roots {27 2, #1={—0.30409. —1.21781 x 107°}. and
achieves a local maxmmum ($, = 4.88691) at O]* = —0.00113 . For con-
venience. Figure A.l shows the functions (I)]((-;1 ). @2(6;1 ). and A{oy) that
represent the solutions reported in Table 3. From Figure A1 the proof is

straightforward. but it will be presented formally here,

o0



LEMMA A.1: There exists only one solution in the first quadrans
T!’I (¢}

ST = (0% 0%). There is also a nnigue solution in the third quadrant St =

{ Olf . r_')"l’ ).

Proor: Observe that (I)'_g((;)[) — :1((;]] = .1[4/03(;)1 is positive for
op > 0 and negative for o, < 0. That is. A{oy) is a lower bound of (o)
in the first quadrant but an upper bound in the third one. The solution to
.4((31) = (I)I((;)]) is a quadratic function that has only two possible roots.
{;1"‘.\;3, .-\} = {—0.47435.0.00038} for wich .4((51) = {—2.75657.4.92969}.
Since 25t > 0> it and Alo) < (I)‘_),((:H VW > 0. it follows that r)‘l‘ > ot
which uses @ (24 N> Az Y and the continuity of (I%_)(c;l ) Vc;] > 0. By the

I« 0 and 44 (.;1 = (I’g[(;; ] ‘V/(;)l < 0 implies c;"]’ < 2ot

SAIC TCASONINE 21 < 7
which uses @ (oY) < A7) and the continuity of ®y(0) Vo < 0. Finally.
sinee $o(0)) 1s continuons Yo, £ 0. ®( 2y Ay > 0 and (13.'_,(,:("‘) > 0 suffices

for of = u(0") > bylop ) > 0 and of = Byl < Bu(pt) < 0.
Liania A.2: There is not any solution in the fourth gnadrant.

PROOF: Straightforward since min,, {01 { 01 = (1)1(5; 1A C~)1 >0} =
By (o) > 0. m

To complete the proof we must to account for the nnmber of solutions
in the second quadrant. It could be the case that the hyperbolas do ot in-
terseet or that they are tangent. which would imply either non real solutions
or a double root. It is obvious from Figure A.1 rhat the nmumber of solutions
will be 0. 1. or 2 depending on the relative position and distance between

the vertices of the two hyvperbolas.

Levya A3 The equation @y(0) = $,(01) has two solutions §7 =
(0. 00). ST = (ol o) (or one donble) st. o) < O whenever the following
1+ 91 R . 1 Ji

condition fiolds: <I)1(;;,f_) < (Dg(;,u,I J.

Proov: The lower branch of @;(0;) 1s monotone decreasing up to
@ (o) > 0 for o' > 0. The upper branch is monotone increasing in
oy € [;h'r. ). Thercfore both values of & (2, ) > 0. Then. since (o))

and each branch of @,(0;) 1s continmons and single valued for o) € [gh". Sh R}

o1



when the inequality of the condition is strict. there exists two solutions of <
o'll < Sh - 0s.t. d(a))=Dy{0]) > <I’1{r.‘)’lf) = (I’g(of) > (). and one double

when it holds with equality. =

It is evident that the condition stated in Lemma A3 is sufficient but
not necessary. Depending on the shape of the hyperbolas it 1s always possible
to find a range for ;;,f 5.t <I>1(,:,z,’) > @-_;(,:hi) and Q’M,:;,'r) < A(;;,f) that
generates at least one double solution. For the present model the condition
of Lemma 3 holds: @,(—0.21058) = 0.58823 < 1.51404 = ®,(—0.21058). so
that. given the model paraneters. the existence of at least four solutions
has been already proved. From Lemma A1 we have that §P = (oh 0% is
the only solution sueh that of < 0. of < 0. Therefore. only one solution

fulfills the conditions of Proposition 1 for Aarkov Strategies to be MPE n

an infinite horizon game.

It remains to show that there is nor auy time consistent equilibria for
the symmetrie Cournot olicopoly. Following the same procedure as hefore
for # = 1/124. the actnal model parameterization leads to o, = —0.131200.
gy = 0.00810664. 1y = 0.506024. m, = —1.0674. and my, = —0.00263988.
while Ay and My remain wnchanged. These values are suell that the lower
root of <I)|(c;1) = 0 1s r,;l = —0.00413. which falls into the new interval
o 2 R = [=0.304T5, —1.2178 % 107Y)

detined by the roots of @000 =0 L™ 2 ].

Straightforward computation shows that for # = 1/124. (o)) > ®L{o;) >
0. Vo, < 0. Hence. by continuity, there is no solution to @(o,) = ®2(01)

suecl that r.j)l < (. =m

ot
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Appendix B: Data and Sources

Table B.1
YEAR CAP IRON STEEL IRON/CAP STEEL/CAP
1900 3854 291.0 167.1 | 75.006 43.358
1901 440.2 3239 166.2 13.080 37.750
1902 173.7 3327 193.0 10.234 10.743
1903 907.3 378.0 2229 T4.512 43.938
1904 189.1 376.9 2341 77060 417.863
1905 470.8 382.7 257.2 81.287 54.630
1906 152.6 381.2 279.0 S1.224 61.644
1907 154.4 349.2 2592 76.849 63.044
1908 156.2 421.3 304.7 02,350 66.791
1909 158.4 417.0 2002 00.969 65.271
1910 168.6 H07.5 321.2 | SG.961 68.5945
1911 1788 108.9 327.3 85.401 63.358
1912 185.8 101.1 308.9 82.965 T9.937
1913 185.8 111.9 39028 91.581 80.856
1914 499.3 146.0 3748 50.3325 70.065
1915 506.2 140.3 388.6 S6.981 76.768
1916 213.2 4983 1258 97.097 32.970
1917 244.0 369.0 3944 67.941 72.500
1915 199.3 3ol 3800 71.520 73.089
1919 o09.7 276.1 392.6 54.169 T7.026
1920 519.4 2581 320.9 19.692 61.783
1921 2821 252.9 287.1 13.446 49.321
1922 6141.9 21007 326.1 32.672 | 30,566
1423 T08.1 3391 4504 34.950 64.878
1024 TT0.8 169.1 301.9 60.859 71.601
1925 854.8 30064 6487 59.242 T5.889
1926 S67.6 1927 1 636.8 56.789 73.398
1927 880.3 3877 7286 | 66.761 S2.767
1928 303.0 5706.0 T91.5 64.166 88,984
1929 1014.3 771.9 10217 76.102 100.730
1930 096.4 624.2 953.7 62.646 05.715

CAP: Spauish production ecapacity of iron and steel (thousand of tons): IRON:
Spauish production of iron products {(th.tons): STEEL: Spanish production of
steel produets (thotonsy, [RON/CAP and STELL/CAP are the percentage of
production of iron and steel over available capacity. Source: Praile {1991). p.121.




Table B.2

YEAR SAII SAIS nIP VNP EXP VEXP TR
1900 L62 { | ;

1901 37 f % ' 5

1902 ’ | ‘

1903 11

1004 33

1905 31

1906 29

1907 1.81 12

1908 1.97 36 T1.71 31.83 49.89 8.13 8.49
1909 1.04 35 7171 31.83 19.89 8.13 $.49
1910 532 1 36 171 31.83 19.89 $.13 8.49
1011 6.05 | 37 | 7Ll 31.83 19.89 8.13 8.49
1912 5.06 51 109.97 41.79 37.27 447 11.39
1913 T.72 101 181.77 601.31 10.80 1.77 16.87
1914 10.34 18 95.26 34.10 10.39 7.80 9.40
1915 $.15 27 50.84 16.69 125.54 31.87 146
1916 30.60 35 92 .88 23.18 118.32 35.95 1.68
1917 14.70 16 69.31 1179 84.50 20.47 277
1918 6.15 11 | 143.26 11.13 23.92 18.40 3.29
1919 5.02 66 65.00 2234 13.02 1.68
1920 11.52 137 173.41 53.96 13.27
1921 21.53 193 267.61 189.89 25.99
1922 11.68 177 254.80 150.43 9.17 5.21

10923 6.63 134 23747 149.63 6.63 1.85

1924 3.14 126 251.88 156.34 | 26.73 12.20

1925 3.89 146 275.74 126.08 7 724 | 734

1926 3.51 94 17800 ¢ 8961 ¢ 571 1 3a7

1927 12.33 102 238.37 001 F 154 1 116

1928 15.55 130 239.29 121.57 | 2.32 ‘ 2.95

1929 33424 | 12005 | 280 |  3.70

1930 1.79 68 \ ‘

SMI: Spanish imports of iron {thousand of tons): SAS: Spanish imports of Steel
(th.tous). Seurce: Fraile (19%3) p.99. INMP: Spanish iinports of iron and steel products
(th.tons): VIMP: Nominal value of the Spanish imports (millions of Pts): EXP: Spanish
Exports of iron and steel produets (thatons): VEXNP: Nominal value of the Spanish
exports (millions of Prs). TR: Tarill revenues from imports of iron and steel produets
(millions of Pts). Seource: Estadisticas de Comercio Exterior de Espana.




Table B.3

YEAR SAMI/TRON | SMS/STEEL | INP/PROD | EXP/PROD 1 AHVGP
1900 37.10
1901 2296
1902 9.604
1903 19.74 9.078
1904 1410 6.461
1905 12.05 6.577
1906 10.39 6.623
1907 1.38 14.32 8.687
1908 | 1.01 11.81 10.29 6.87 9.479
1909 (.97 11.70 10.43 6.97 10.023
1910 1.30 11.21 10.25 6.85 9.876
1911 1.48 11.30 10.15 6.78 9.624
1912 1.49 1164 14.28 1.84 12.297
1913 1.73 26.48 21.70 1.29 12.371
1914 2.32 12.81 11.61 4.92 11.677
1913 1.85 .95 6.13 15.15 14.655
1916 6.14 8.22 10.05 12.80 15.049
1917 3.98 4.06 9.07 11.06
1918 | 1.81 2.82 5.79 | 3.20
1919 | 2.14 16.81 9.72 1.95
1920 | 3.63 12.69 20.95
1921 9.70 7.2 19.56
1922 6.97 34.28 1748 1.71
1923 1.70 20.17 27.99 0.78
1921 | 0.67 ; 22 .83 = 24.67 | 2.2
1925 0.77 292.51 | 23.87 0.63
1926 | 0.71 14.76 15.76 i 0.51
1927 210 14.00 18.11 | 0.12
1928 2.70 16.42 17.50 | 0.17
1929 18.64 | (.16
1930 0.77 T.13 1

PROD=IRON+STEEL. See tables B.1 and B.2 for sources and definitions. All ratio series
are percentages. AHVGPY s AHV's gross profit (millions of Pts). Source: Fenandez de

Pineda (1992). p. 151




Table B.4

YEAR | UKIRON | UKSTEEL | SMI/UK | SMS/UK | INP/UK
1900 9104 1980) 1.24

1901 S056 1983 0.74

1902 8818 1088

1903 9078 5115 0.86

1904 8834 5108 0.63

1905 9762 5902 0.53

1906 10347 6566 (.41

1007 10276 6628 0.0 0.63

1908 9202 5381 0.0 0.67 0.51
1909 9685 5976 0.04 0.59 0.48
1910 10173 6476 0.05 0.56 0.4
1911 9679 6366 0.06 0.56 0.46
1912 3891 6905 0.07 0.78 0.70
1913 10425 TTST 0.07 1.34 1.00
1914 9067 7971 0.11 0.60 0.56
1915 8864 8687 1 0.09 0.31 0.29
1916 9062 0136 | 0.34 0.38 0.51
1917 0488 9873 0.15 0.16 0.36
1918 0253 9692 0.07 0.11 0.23
1919 7536 8021 0.08 0.82 0.42
1620 8164 9212 0.18 1.49 1.00
1921 2658 3762 0.92 5.13 417
1922 1981 5975 0.29 2.96 2.33
1923 7560 8618 0.00 1.55 147
1924 7121 8333 1 0.04 1.51 1.60
1925 6362 041 0.06 1.95 1.99
1026 2497 3654 0.14 257 2.0
1927 7110 0243 0.17 1.10 1.13
1928 6716 8657 0.23 1.50 1.56
1929 TT11 0791 1.91
1930 6201 T4 0.08 0.91

UKIRON: British production of iron {thousand of tons): UKSTEEL: British

production of steel {th.tons).

Source:

Mitchell (1992) pp.130 31 and 126

59. UKPROD=UKIRON+ULKSTEFL. SMI/UK = SMI/URKIRON.SMS/UK =
SMS/UKSTEEL, and INIP/UK = IMP/UKPROD are three different pereent-

ages that measare the importance of total Spanish imports relative to British

production.




Table B.5

YEAR UKIP SPIP UKSP Spsp | PI API DPR
1900 127.1 105 188 96.7 101.0 4.51
1901 S1.3 98 241 96.9 105.6 1.48
1902 794 83 209 047 102.2 4.42
1903 8.3 31 199 1 977 108.4 4.18
1904 3.0 36 131 99.5 108.9 4.21
1905 .7 04 175.7 204 100.0 100.0 4.10
1906 3.2 95 1581.1 226 073 90.9 3.97
1907 8.5 100 | 1798 199 101.4 94.7 3.91
1908 T0.8 92 175.3 180 98.6 39.3 3.36
1509 6.4 &5 162.3 160 97.3 36.4 3.74
1910 67.2 05 162.6 230 98.2 04,1 3.76
1911 66.1 120 178.6 228 94.7 102.3 3.81
1912 T71.6 T8 193.8 144 99.4 161.9 3.79
1913 81.2 115 187.1 146 100.0 100.0 3.98
1914 92.9 100 177.0 196 98.4 ST.5 4.22
1915 9.9 139 | 211.3 221 118.3 96.7 1,47
1916 97.9 235 | 2651+ 372 141.0 130.5 | +4.31
1917 102.9 115 271.6 599 165.6 193.3 4.31
1918 116.5 625 250.5 300 204.9 260.9 4.12
1919 170.7 325 1144 621 204.2 224.9 4.16
1920 235.9 357 2720 47 221.8 346.3 4.44
1921 193.6 309 365.5 670 159.4 176.8 4.72
1922 123.0 240 319.0 14 177.3 214.9 4.62
1923 1538.0 238 300.3 164 174.8 241.9 4.53
1924 1455 1 212 3088 525 183.4 225.3
1925 122.6 | 200 ' 2716 290 180.2 1 1924
1926 125.0 191 2057 272 i80.8 | 153.3
1927 101.8 178 2721 250 173.3 141.7
1928 92.3 160 2521 274 168.5 137.3
1929 107.8 175 291.2 252 172.4 180.1
1930 135.6 179 366.2 255 173.0 194.6

URIP and UKSP are. respectively. British iron and steel prices (Pts/ton). Similarly
SPIP and SPSP are Spanish prices (Pts/ton). Sources: British prices are available
in Mitchell and Deane (1963). and Mitchell and Jones (19713, They have been
converted inte pesetas using the mean of the weakly exchange rate from “The
Feonomist™ provided by Fraile (1985), p.8&, Prices of ANV are available in Carreras
(1989, pp.226 227, These and the Spauish prices can be found i Fraile (1991).
pp.172 173, PL and MPI are the Spanish price index and Spanish imports price
index respectively. Source: Carreras { 199). pp.521 and 352 353, DPR is the rate
of return of the Spanish Publie Debt. Source: Martin (1985,

<t
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Table B.6

FIRAI 1900 1913 1925 1924

AH. Vizeava Toval 7133 69.63 53.29 52.22
{1902) Tron T0.61 T1.9¢ 832 5TAT

Steel 61.87 67.33 19.21 AR.18
AL Mediterraneo Total 15.40 19.33
(1917) [ron 15.62 19.33

Steel 195.23 19.32
Duro -Felguera Total T 5.09 5.99 (.36
(19500} Irou 1N S 1.31 .89

Steel 11,19 541 7.3 5.96
Fab. de Mieres Total 11.07 1.10 3.18 3.2
{(1=79) [ron 5.30 .83 3.70 3.05

Stec] 2.1.09 2.96 2.7 3.31
Ind. Asturiana Tatal 1.93 [Bah 3.1 2.91
(1%93) [ran 9.21 1.97 1.52 3.09

Steel 4.79 3.30 277
Comp. Basconia  Total 1.0 5.32 1.32
{1592) [ron

Steel N2 9.59 T.63
S.A. Echevarria Total 2.33 2.63
(1920) [ron 2.39 2.1

Steel 2.20 3.01
Material OO & Ol Total 1.27 1.61 1.3%
(1881} Iron

Steel 2.55 2.90 2.5
JAL Quijano Total 1.33 .06 1.37 1.19
(1911 fron i

Steel 285 2.1 247 2.11
Nueva Montana  Total | 3.73 3.95 3.27
(1RG99 Iran [1.11 N.R6 7.0l

Stoel
Others Total (.57 3.9 3.72 2,96

Iron 1.06 1.10 2,28

Steel 6.70 1.87 5.24
Inverse Total 281,50 121.06 35157 175531
Herfindahl [ron 136.61 4 21197 382,01 H04.5:1
Indexes Steel T13.67 ! 1.16.97 120,77 510.91

Year of legal establishment Is shown in parenthesis.

Percentages of

market share for each produet and the Herfindahl indexes computed
from the information provided by Merello (1939). for 1900. 1913, and
1929: and Espana (1927). for 1925, ~Others™ includes five (assumed)
svimetrie, stall firms to compute the Herfindahl index.

ot
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