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Abstract

In this thesis a small computational general
equilibrium trade model is constructed and then used to
study the role of relative country size and the
international distribution of technology on the outcome of
tariff warfare. In contrast to other computational models
it is assumed that there is a continuum of goods instead of
a finite set of discrete commodities.

To simplify matters and facilitate computation a
Ricardian two-country, one-factor model with constant
returns to scale in all industries is employed as the
modelling framework. As a result, international comparative
advantage is dependent upon the trading countries' relative
productivity in producing various goods. A continuous
density function is then defined to represent the
distribution of industries over the countries' relative
productivity. Alternate values for the parameters of this
density function are used to represent various possible
international distributions of technology.

For the purpose of evaluating the welfare impact of
changing relative country size and the pattern of

comparative advantage special utility functions are defined



iii
for the two countries. The model is completely specified by
a system of equations representing international trade
balance and the conditions for optimal tariffs for each
country. Sensitivity analysis is carried out by varying the
appropriate parameters in the system and observing their

effects on the outcome of tariff warfare.

Examiners:

Donald G. Ferguson'Ph .

Kennety G. Sgéwart Ph.D.
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Chapter 1

Introduction

A major proposition in neoclassical trade theory is
that free trade is Pareto superior to autarky. By opening
themselves to trade, individual countries can exploit the
comparative advantage of each other so that welfare will be
increased for all parties. Moreover, the position of free
trade represents an efficient point such that it is
impossible to increase the welfare of one country without
reducing that of at least one other. Modern trade theories,
though undoubtedly intellectual advancements over their
classical predecessors, are still firmly grounded on the
same proposition.

That free trade is optimal for the world as a whole
does not preclude the justification of tariffs and other
kinds of trade restrictions. From a national point of view,
free trade may not be an optimal policy. Given suitable
circumstances (e.g. a country which is sizable enough and
free of the threat of retaliation) a country may increase
its own welfare through imposing unilateral tariffs.l In
fact, an optimum tariff rate or tariff structure that
maximizes the welfare of a single country, given the
trading schedules of its trading partners, can be shown to

exist under rather general conditions.2

Since it is rarely the case that a country is bestowed



with the favorable conditions for sucessfully imposing uni-
lateral tariffs, retaliation is most likely to occur
following a change in the trade policy of any country. This
is because a country levying tariffs on its imports
inevitably increases its welfare at the expense of others.
If there is an opportunity for the affected countries to
regain part or all of their losses by imposing reciprocal
tariffs then it is unlikely that the latter will remain
idle. In this situation any country attempting to improve
its welfare by levying tariffs on imports will incur
retaliation from its trading partners, and a tariff war
will result.

The nature of the outcome of tariff warfare depends
not only on the behavioural assumptions underlying
retaliaion3 but various objective factors such as the
structure of comparative advantage and the relative country
sizes. In analysing the outcome of tariff warfare, a
particularly important question to be asked is whether one
or more parties will emerge as winners. In other words, we
would like to know if some countries are better off at the
tariff-ridden equilibrium than at free trade. Finally, how
significant are the roles of different factors in determin-
ing the outcome of tariff retaliation, and what is the

tradeoff or interrelationship between them.



It is likely that different models employing different
assumptions may give dissimilar answers to these questions.
Furthermore, even for a single model definite or
unambigious answers may not exist for some questions. For
example, the direction of effects on the equilibrium
variables when one or more of the factors changes may not
be easily or uniquely determined. Thus despite the enormous
volume of literature accumulated on the subject no general
agreement has yet been attained on the major issues of
tariff warfare.

Until recently most of the studies on tariff warfare
were conducted within a discrete commodity framework with
one or more factors of production. Moreover, particular
emphasis has been placed on the questions of the existence,
uniqueness and stability of tariff-ridden equilibrium,4 and
the conditions for optimal tariff under equilibrium, rather
than investigating the roles of specific factors in deter-
mining the outcome of tariff warfare. Few attempts have
been made to explore the questions stated above.

The objective of this thesis is to construct a
specific computational general equilibrium trade model to
study the roles of relative country size and the structure
of comparative advantage in determining the consequences of

tariff warfare. The distinctive feature of this model that



distinguishes it from most conventional trade models is
that a continuum of goods is used instead of a finite set
of discrete commodities. Theoretical treatments along these
lines have been pursued by Dornbush, Fischer and Samuelson
(1977,1980) and Wilson (1980). Their studies show that many
of the standard issues in international trade can be
addressed within a continuum of goods framework.

The assumption of a continuum of goods may be
justified by the fact that modern industrial countries
produce a wide variety of slightly differentiated products
(for example, different models of motor-cycles differing
only slightly in design and production methods may be
regarded as different goods). In fact we can view the
conventional classification of commodities as one which
categorizes bundles of close subsititutes into discrete
groups of commodities. In this sense , therefore, the
continuum of goods assumption provides a more flexible
representation of the production and consumption process.

The computational model constructed here is based on a
Ricardian two-country, one-factor(labour) model with
constant returns to scale in all industries. Such a model
allows for a simple characterization of comparative
advantage in terms of differences in the countries'

productivity in various industries. It is therefore possi-



5

ble to incorporate technology explicitly into the analysis
in terms of gaps in factor productivity in different
industries without it being obscured by variations in
factor intensities.” By assuming a continuum of goods it is
possible to represent the distribution of industries over
the countries' relative productivity by a continuous
density function. Alternative patterns of comparative
advantage can be obtained by specifying different forms of
density functions or by varying the parameters in a
particular density function.

The choice of confining the study to two countries is
based on the need to simplify the task of computation and
reduce confusion. In principle the model can be extended to
a many-country case, but with tremendous complications.
Although with appropriate assumptions the latter can be
reduced to one with each country trading its own labor
against all other countries, the transformation procedure
may not be computationally feasible®. In addition, it no
longer permits a simple specification of comparative advan-
tage by a single density function. The major concern of the
present study is the relationship between relative country
size and structure of comparative advantage on the one
hand, and the welfare consequences of tariff warfare on the

other. In particular, attention is drawn to the follow-



ing questions; (i) Are there any combinations of relative
country size and pattern of comparative advantage that will
give rise to a winner in tariff warfare;(ii) what are these
combinations; and (iii) what is the interrelationship
between the two factors in determining the final outcome of

retaliation.

Modelling and Methodology

In order to focus on the issue of tariff warfare and
national welfare it is necessary to make the following
fundamental assumptions before proceeding to the task of
modelling. First, it is assumed that the objective of each
country is to maximize its own welfare. The level of wel-
fare is measured by a homothetic community utility
function.7 Second, there are no distortions in the domestic
economy of each country and therefore tariffs are not
imposed for corrective purposes.8

Third, the only instrument available to the government
of each country for restricting trade is tariffs.” Fourth,
the ultimate tariff-ridden equilibrium is either Cournot

type or Nash type.10

The last assumption eliminates the
possibility of other types of equilibrium based on differ-
ent behavioral assumptions(e.g. a Stackleberg or leadership

follower equilibrium), thus avoiding a diversity of
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results. Each of the other equilibria incontestably has its
own value for research, but the limitations of space and
time make it desirable to work on the relatively simple
Cournot model.

The modelling procedure consists of defining a
continuous density function to describe the distribution
of industries over the two countries' relative productivity
and a special commmunity utility function for each country.
Together they are used to derive the total amount of
foreign labor imports for each country, as well as their

tariff reaction curves.11

The computational model is
represented by a system of three equations featuring
international trade balance( value of labor imports equal
to value of labor exports for each country ) and conditions
for optimum tariff rates for the two countries. Solving the
system gives the equilibrium values of the factoral terms
of trade ( or the relative wage ) and the countries' tariff
rates.

The structure of international comparative advantage
is characterized by the distribution of industries over the
countries' relative productivity which can be changed by
either altering the form of the density function or by

varying the parameters in a particular function. So long as

a specific density function is chosen, the pattern of



comparative advantage is completely determined by the
values of the functional parameters.

The relative country size is represented by the ratio
of the countries' labour supplies. Both parameters of the
density function and the relative country size appear as
exogeneous variables in the reduced system of equations.
Sensitivity analysis is then carried out by varying these
exogeneous variables and observing the changes in the
welfare consequences of tariff warfare.

The main reason for addressing the previously stated
questions of tariff warfare numerically is that given the
complexity of the model, qualitative answers derived from
pure theoretical analysis may not be readily obtainable, or
even if they can be derived they are so ambiguous that
little insight can be gained into the roles of the two
factors. To acquire a better understanding of the signifi-
cance of the two factors in determining the outcome of
tariff warfare it is preferrable to undertake a simulation
analysis to extract qualitative information from quantita-
tive results.

In recent years numerous computational trade models
varying both in scale and technical complexity have been
12

constructed to study tariff policies in world trade.

However, the majority of them are concerned with the



economic effects of alternative global tariff policies and
their implications in solving real world trade problemns.
The general question of relationship between particular
economic factors and the outcome of tariff warfare has not
been pursued.

Furthermore, these numerical general equilibrium
trade models are usually modelled after the trading relat-
ionship between specific countries or groups of countries
(such as the trade between Canada and the European Economic
Community, and between the United States and Japan).
Consequently they are not designed for general simulation
analysis of tariff warfare. These considerations make the
present computational model stand out among the forest of
numerical trade models.

The general structure of the model is explained in the
next chapter, where the specific computational model to be
used in the simulation analysis is also constructed. The
results of computer simulations are presented and discussed
in Chapter III. Here the effects of introducing an asymmetry
the technology distribution are also discussed. Finally, a

summary and conclusions are given in chapter IV.



Chapter 2

The General Model

The numerical general equilibrium trade model is a
Ricardian two-country, one-factor(labour) and constant
return to scale model with a continuum of goods.To simplify
matters a number of working assumptions are introduced.
First, all commodities are final goods. There are no
intermediate goods produced. Second, perfect competition
prevails in all domestic markets so that domestic prices of
output are equal to their unit labour costs. Third, the
supply of labour is fixed in both countries and wages
adjustto ensure that there is full employment. Fourth, no
factor flows take place betweenthe two countries. Finally,
the two countries use a common currency and hence exchange

rates can be ignored.

I.Notations

Before proceeding to the modelling procedure it is
necessary to explain the notations used.

i= a, B = Indices representing the two countries.

z Index representing a commodity( z € [0, 1] ).

ai(z)

Unit labor requirement for good z. ( i=a, B,
Z 8 [0; 1] -

10
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ci(z) = Level of consumption of good z in country i.
Li = Labor endowment of country i.
Mi = Derived demand for labor imports by country i
from country j. ( i= a,B , izj )
Pi(z) = Price of good z in country i.
ti = One plus tariff rate imposed by country i on the
imports from country j
Ui = Community utility level in country i.
Wi = Wage rate in country i.
yi = National income of country i.
Zi = Boundary of specialization in country i.

II.The Structure of Comparative Advantage

The previous analyses of Ricardian models with a cont-
inuum of goods have started by supposing that goods are
identified by their position z on the continuum [0, 1]. As
indicated by the notation introduced above the input re-
quirements are expressed as functions of z and from them
the countries' relative productivity

aP (z)
a%(z2)

is derived. In turn, this relative productivity function

5 = (1)

defines the countries' comparative advantage and deter-
mines how production in the two countries responds to

changing circumstances. Unfortunately, when the model is
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presented in this way the form of the relative productivity
function appears arbitrary and is not subject to further
interpretation.

There is, however, an alternate way of approaching the
continuum model, one which derives the continuum and the
relative productivity function from a more fundamental
construct. Postulate a continous joint density function

£(0;: a%, af) (2)
to describe the distribution of goods over the countries'
labour requirements (6 is a vector of parameters).

Since it is the countries' relative productivity that
matters in determining their production patterns, it is
useful to reduce the joint density function to a single
variable density function by introducing the following
normalization:®>

a% + aB= 1 { 3 }

Since both input requirement coefficients are non-

negative, equation (3) restricts the values of both a%® and

aP

to the interval [0,1] and introduces a linear dependency
between them. Thus whenever the labor productivity of one
country is known that of the other country is simultaneous-
ly determined. The normalization (3) transforms (2) into a
continuous single variable density function:

£(e; a%, 1-a%) (4)
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with the usual property of a density function
1
J £(0; x, 1-x)dx = 1
0

The integral
o

a
z = J £(0; x, 1-x)dx (5)
0
gives the proportion of industries with labor requirements
less than or equal to a% in country a. The same proportion
of industries, according to (3), have labor requirements

B 1-a% in country B. Thus the

greater than or equal to a
proportion of industries in country B with labour require-
ments smaller than 1-a% is equal to 1-Z. This is shown in
Figure 2.1 where Z is represented by the shaded area.

f(e; aa,aB) 8

a

Fig 2.1
The Density Function for the Normalized
Labour Requirements of Countries a and B
The density function (4) provides a convenient way of

deriving the commodity index z and the continuum on which
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it lies. Since (4) is a continuous single-valued function,
Z in (5) is a continous function of a%*. Thus we can index
the goods in increasing order of their associated labour
requirements in country «. In other words, (5) gives the
inverse function of a% = aa(z).

We may now define the relative labour productivity

=== = (6)
from (3). Expressing a® in terms of p and substituting into

(5) we get:
1
z = {1 * P f(e:x, 1-x)dx
0

Z(p) (7)

Since %% < 0 , Z is a strictly decreasing function of p14

and can be inverted to define the relative productivity
function discussed in the opening paragragh of this section.
Moreover, it is possible to relate the properties of p(z)

to those of the density function, and in what follows it
will be used to characterize the structure of comparative
advantage.

We turn now to a discussion of how comparative advan-
tage affects production patterns. Let the wage rate of the
two countries be W* and WB respectively. Then given free
trade and perfect competition, country a will produce good

Z as long as:
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Wa.aa(z)s WB.aB(z)

w* aB(z)
or w=—% = ==L = p(z) (8)
WB aa(z)

Hence from (7) the proportion of goods produced in

country o is given by:

1

z = [1 T W ofe:x, 1-x)dx ( 9)

0

and the proportion of goods produced by country B is 1-Z .
By virtue of our indexing method, Z_ also represents the
boundary of specialization.Thus we have country « producing
goods in the interval [0, Z_ ] and country B producing goods
in the interval [Z ,1].

If each country imposes tariffs on its imports then
a wedge is imposed between the prices faced by foreign and
domestic consumers. Assuming that a uniform tariff rate is
applied to all imports by a country, we have country «

producing good z if:

Waaa(z) = aWBaB(z)
o
w w
or = Sp (10)
¢ I?WB

Similarly country B will produce good z if:
WatBaa(z) = WBaB(z)

or 'CBW

v

p(z) (11 )
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Substituting (10) into (7) the boundary of speciali-

zation for country « is given by;

w
zZ = J L+ = f(6:x, 1-x)dx ( 12 )

and from (11) the boundary of specialization for country B

is given by;
1

B
7P - [1 t(TTW)  fle:x, 1-x)dx ( 13 )
0
Since the t?t (1 = o, B) are greater than or equal to 1

it follows from (12) and (13) that Zf = Z?

(with equality
holding if and only if there is free trade ie. %= tB= 1) s
The goods lying between the specialization margins will be
produced by both countries and, since in both instances the
domestic costs will be lower than the tariff-ridden import
prices, no trade will take place in those goods (ie. both
countries will have fully protected their domestic markets
for those goods ).

A diagrammatic representation of the tariff effects is
provided in Figure 2.2. The shape of the curve shown in
Figure 2.2 as well as the specialization margins Z? and Zf
all depend on the form of the density function. Graphically,

altering the density function changes the shape of the

curve in both Figure 2.1 and Figure 2.2 as well as the



17

boundaries of specialization in Figure 2.2.

p(z)
th
"
o
T
0 z
Imported by Commonly pro- Imported by
country B duced nontraded country o
goods
Figure 2.2

Specialization Before and After The Imposition of Tariffs

III. The Derived Demand for Labor Imports

We define a community utility function for each of
the two countries a and B:

. 1 . F
utl = J g'l c'(z),z)dz i=a,B (14 )
0

Here it is assumed that both countries have identical pre-
ferences so that they are identical in all respects except
their labour endowments and production technology

Maximization of Ui subject to the national income
constraint

1 . . .
[ Pl(z)cl(z)dz = y1
0
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yields the Marshallian demand functions for the commodities.
For country «, the national income constraint can be

written as:
o
Zo o_o o L a . B_B o o
Wa (z)c (z)dz + . Wa“ (z)c (z)dz =y ( 15 )
0 Z

where Z? = Z?(w,ta,e) is the specialization margin as de-
rived in the previous section. National welfare maximizat-
ion of country o subject to the constraint (15) gives the

demand function for good z:

cg = c%e, w*, wPt%, y%,z) z € [0,1] ( 16 )

Similarly for country B we have the income constraint:
2 paa, 1 BB, B B
T Wa (z)c (z)dz + BWBa (z)c™ (z)dz = Yy ( 17 )
0 Z

B B

where Z€= Zf(w,t ,6) is given by (13). Maximizing U
subject to (17) gives the demand function for country B:
cg = cBe, Pu*, wh, yB,z) z e [0,1] ( 18 )
From (16) and (18) we can deduce the derived demand
for foreign labor by each country. Let M% be the derived
foreign labor imports by country i. Then we have:

(1

Mm% = aB(z)Ca(e, Wa,WBta,ya,z)dz ( 19 )
B |z
7B
Mg = ¢ aa(z)CB(e, tawB,WB,y ,2)dz ( 20 )
JO
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The national income of country i consists of its total
labour income plus revenue from tariffs, the latter is
assumed to be redistributed to the consumers in the economy

for their own disposal. Thus we have:

y* = w*1* + (=% - 1)WBMg ( 21 )
v = WP + (<P - 1)wMP (22)

B

Both equations (19) and (20) are functions of Wa,W ,ya

or yB, and ¥ or tB. As a result (19) and (21), (20) and
(22) together solve for the endogeneous income import

demand for foreign labor by each country. Denoting them

by mg and mz we have:
mg = mg(e, w*,wh, % ( 23 )
mﬁ - mﬁ(e, w®,wh, <P ( 24 )

Equations (23) and (24) express the derived demand for
B

foreign labour by each country as a function of 6, Wa, W

o B

and T or Tt~ only. They will be used to express one of the
international equilibrium conditions in the following
section.

Before passing it should be noted that demand funct-
ions (23) and (24) can be derived more directly by defining

community utility functions with the derived domestic and

foreign labor consumption as variables rather than operat-
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ing with the conventional utility functions defined on
commodity consumption. In fact, for special density funct-
ions (4) and utility functions (14) it can be shown that
there exist equivalent utility functions defined on labor
consumption. Such a relationship is demonstrated in cons-

tructing the specific computational model.

IV.Equilibrium Conditions

In the case of free trade, international equilibrium
is achieved when the total value of imports by a country
equals the total value of its exports, or the value of
imports by the foreign country. In a tariff war, the
following two conditions are required for an equilibrium:
(1) balance of trade for both countries as in free trade.
(ii) each country is levying its own optimum tariff rate
given the tariff rate of its trading partner.15

Using the results of the previous section, the first
equilibrium condition can be expressed as:

meg(e, w®, wh, %) = w"‘mﬁ(e, w*,wh,<F) ( 25 )

The second condition is achieved when the tariff re-
action curves of the two countries intersect. Here a tariff
reaction curve is defined as the locus of tariff rates
that maximize a country's equilibrium welfare for given

tariff rates of its trading partner.
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The tariff reaction curve for each country can be de-
rived by solving a typical optimization problem. We first
obtain the indirect utility function for country i by sub-
stituting the demand function (16) or (18) into (14). (Note

that yl is further expressed as a function of Wa,WB, % or

B

by solving equations (19) and (21), or equations (20)
and (22)) Denote the indirect utility function defined
on W“,WB, ti(i= o,B), 6 by ui. Therefore
ut = ut(e, W, wh,tt, LY i=aB (26)

Since only the relative wage matters we can just take
the value of W° as 1 and substitute the solution of W% ( in
terms of 9, ta,rB,Laand LB ) obtained from equation (25)
into (26) to get the tariff-ridden welfare level of country
i . The reaction curve for country i can then be derived by
choosing ti to maximize the resulting utility function for

i subject to the balance of trade constraint. The first

order condition is

gul awr | eul _ | ¢ 27
aw* oatt att

where awa/atl is implicitly defined by

6mg amg amg aw™
. e W e e
at?t at?t aw* ozt
omP aw®
+ (mﬁ ¥ W"‘.——a‘").——I =0 ( 28 )
oW 8T

which was obtained by differentiating (25).16
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The reaction functions

rR*(e,w*, %, f) = o ( 29 )

rB (e, W%, %, f) = o ( 30 )
for the two countries and equation (25) completely deter-
mine the equilibrium values of the tariff factors and the
relative wage.

When a utility function defined on labor consumption
can be defined directly, the model is reduced to a two-
country, two-good (labor) model and standard results re-
garding the conditions for optimum tariff rates apply.
In this case offer curves showing the trading schedules of
the two countries under different factorial terms of trade
can be derived for both countries. The optimum tariff

factor ( given the tariff rate of the other country ) for a

country is simply given by:

tl = 1 = _'l— irj = o,B ’ iij ( 31 )
eJ - 1
: , omi
where ) = —3- is the elasticity of foreign labor
m; ow
i

imports of country j with respect to the relative wage.
Equation (31) gives the same reaction curves as (29) and
(30), but in a much more straightforward manner.

We now have a complete system of equations((25), (29),

(30) or (25) and two (31)s ) representing international
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trade balance and optimum tariff conditions. Given 6 and

o
La, LB or L = —EE equation (25) alone can be used to solve
L

for the free trade equilibrium relative wage by setting ta,
tB equal to 1. On the other hand, (25), (29), (30) or (31)

together yield the tariff-ridden equilibrium values of
o

ta,tB and —H§.17 By varying the exact values of the
W
o
exogeneous variables 8 and —LE a sensitivity analysis can
L

be carried out on the tariff-ridden equilibrium.

V. Welfare Evaluation

The aim of the study is to find out, through simulat-
ion analysis, under what circumstances (or what combinat-
ions of values of 6 and relative country size L) there will
be a winner in tariff warfare, and how the welfare conse-
quences of tariff warfare change when the two factors are
continuously varied. For this reason it is necessary to
find a way to compare the welfare levels of each country at
free trade and at the tariff-ridden equilibrium.

The indirect utility function discussed in the pre-
vious section provides an explicit measurement of national
welfare. With an original utility function defined on com-

modity consumption the indirect utility function of country
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i is given by:

ut (e, w*,wh,tt)

1 5 . § a . .
J gtcte,w*,wh,yt (e, w¥, wh,ct, 1Y) ,tt,2))az (32 )
0

i=a«a,pB
When a utility function Vi(Mi, M%) defined on labor
consumption Mi, M% is used, the indirect utility function
is simply
vie,w W, oty = vi( ule,w, W, ot vt (e, W WE, Yy,
M;.'(G,Wa,WB,ti,yi(Q,Wa,WB,‘ti))) ( 33 )
i=a,pB
In either case the welfare of a country at free trade
can be obtained by setting %= P= 1; wh= 1 and substitut-
ing the equilibrium value of w* obtained from equation (25)
into the indirect utility function (32) or (33). Denote it
o

by V;(G,L), where L = £ The welfare level of either

1B

country at the tariff-ridden equilibrium is obtained by
substituting the solutions for ta,tBand w* (again setting
WB= 1) given by the system (25),(29) and (30)( or (25) and
the two(31)s ) into (32) ( or (33)). Let it be denoted by
V,ic( e,L ).

The relative welfare level at the tariff-ridden

equilibrium and at free trade can be evaluated by consider-
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ing whether the ratio

-
vy (6, L) _
VR= 1 = 1 i=«a,B ( 34 )
Vf (e, L)

Since V; = V;(G, L) is a function of 8 and L only the wel-
fare impact of changing 6 and L can be directly observed

and followed.

VI.The Computational Model

A specific computational model is constructed out of
the general model outlined above by (i) choosing a
particular functional form for (4) and (ii) specifying a
utility function (14), or defining an equivalent utility
function with labor consumption as variables. The
procedures will now be outlined in detail;

We choose, for the density function (4), a special

( C.E.S ) function:

a,l—aa) _ e(aa)e-l(l_aa)e—l ¢ g% 3
[(a%)® + (1-2%)%)2

It can be verified , though not obvious, that

1
1 = [ f(6; x, 1-x)dx
0

The density function (4') is symmetric about a%= 0.5 and

f(e; a

has only one parameter 6 . The symmetric of the distribut-

ion implies that both countries have a production advantage
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over an equal number of industries. It has a bowl shaped
distribution for values of 6 smaller than one and a bell-
shaped distribution for 6 greater than one. The various
possible shapes of the density function are shown in
Figures 2.3.1, 2.3.2and 2.33.

Qualitatively, raising the value of 6 in (4') reduces
the variance of the distribution in Figure 2.3.%%1n the
case of 6 > 1, the distribution becomes more and more
concentrated about the mean a®= 0.5. For values of 6 < 1,
the distribution becomes progessively less bowl-shaped. The
structure of comparative advantage, which is characterized
by the shape of the distribution curve, is entirely
summarized by the single parameter 6.

Although the symmetric density function (4') is the
acutal form that will be used in the construction of the
computational model, an asymmetric distribution can be
constructed by slightly modifying (4') and substituting it
for the symmetric distribution. The process of introducing

asymmetries into the distribution will be discussed in
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Figure 2.33. Shapes of the C.E.S. Distribution for
Different Values of the Parameter 6
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section VIII below.

Integrating (4'), we get:19
o
27 6 x® 1 (1-x)61
& = 6 g3 =
0 [x + (1-x%x)7]
o, 6
o (a ) ( 5!)
(2% + (1-a%)°®
. 1 - a%
Since p = we have further:
1 +p

The specialization borders for countries a and B are

then given by:

z% = d ( 11')
o w e

5 "2
B _ 1 '
% 1+ (cPw)® (129

such that country « will specialize in the production of

goods indexed from [0, 1/(1 + [—EE]G)] and country B in
T

goods in the interval [1/(1 + (th)e), 1]

We specify an identical log-linear utility function
T i
U = In[¢c (2)] dz i=a,B ( 14')
0

for each country. Optimization with the utility function
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(14') subject to the national income constraint (15) and

(17) gives the following demand functions for the two

countries:
o
—Y z e [0, 1/(1+(-]
c%(z) = L 2 (2) B ( 15')

Y z e [1/(1+|2|, 1]
*wfaf (z) [ ta]

P B

z e [0, 1/(1+ (Tt"w))]

F(z) = (17')
[1/(1+ (Pw)), 13

N
m

Substituting (15') and (17') into (19) and (20) yields

Y S PR S S ¢ 7.2 MR PP
B % wP . w14 (w/ra)9
and
B
B _ y 1
M. = ( ) ( 20')
o tB w”* 1+ (th )e

Equations (19') and (21). (20') and (22) together solve for

o

Mg, Mg, ya and yB in terms of w, L~ and &

or LBand tB. We

have then:

mg = wéw/ta)e Eae ( 23")
[T7 + (w/T7) "]
and
B
B L
m. = ( 24")
a w(Te+1we + 1)
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Using (25) and simplifying, the condition for inter-
national trade balance is given by:

o, 8+1
_ifgl__ + 1-1Lw PP + 11 =0 ( 25')
w

The tariff reaction curves for the two countries are

derived as:20

I
o

ot%P - t¥(1 + 8) - (w/t%)® ( 29')

ot%cf - f1 +6) - 1/(zPw)® = 0 ( 30')

The system of three equations (25'), (29') and (30')

completely specifies the model and can be used to solve for

equilibrium values of ra, tB, and w once 6 and L are known.
The indirect utility functions for the two countries,

in this case, are:

_ La[(w/‘ca)8 1n (wra) = ln(ta + (w/ta)e)]

o o Lo
u (elwlt IL ) a e
1+ (w/T)

6
11/ (1+ (w/T*) )
= > 1n aa(z)dz
Jo
r1
- 1n aP(z)az ( 33'a)

Y171+ (w/c%) ©)
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B (o,w,78,1B) = 181 (cPw)®1n(zPw) - 1n(F(Bw)® + 1))
1 + (th)e
- B..6
1/ (1+ (<fw) )
- LB 1n aa(z)dz
JO
(1
- 1F 1n af(z)dz ( 33'b)
Y1/ 1+ (Pw))
e
where a%(z) = (é =~ 2) 5~ 1is the inverse function of
(z7 + (1-2)7]
o, 6
S — , and af(z) = 1-a%(z).

@*)°® + (1-a%

e
With (33'a) and (33'b) the welfare level of each coun-

try at free trade and at tariff-ridden equilibrium can be

evaluated in principle by substituting the appropriate

; o
solutions for T ,rB

and w. The relative welfare level V;
can be obtained correspondingly.

Equations (33'a) and (33'b) look messy and are
obviously inconvenient to work with. But, as will be shown
later, the problem of welfare evaluation is much simplified

when a utility function defined on labor consumption is

introduced.

VII.Utility Functions Defined on Labour Consumption

As an alternative to using the conventional utility
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function(14') we define a community utility function with
consumption of foreign and domestic labour as variables. It
will be shown that the following (CES) utility function is
equivalent to the specification of a symmetric CES density
function (4') plus a log-linear utility function defined on
commodity consumption.

Postulate the following the CES aggregrate labor

consumption utility function :
1

i i i i\ r ir, r s @ o ok
v (Mi,Mj) = (M) + (Mj) ) i, = a,B , 1%) ( 35)
where Mi, M; are the domestic and foreign labour consumpt-
ion country i respectively.
Maximizing (35) subject to the national income cons-
traints

i

‘ClWJM;-F wlmi =y i, = «,B , izj ( 36 )

results in the derived labour demand functions:

g i,..1i,1/(r-1)
1 _ y (W)
My G T 4, rpiyly o/ G-1] (37)
. i, i j.1/(r-1)
1 _ y (T W)
My WHE/ D | LA T/ @D (38)
For country o we have therefore:
o, 0O 1/ {r=-1)
o _ y (T WB)
Mg W E/ (1) e E/(E-1) (139)
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Comparing (39) with (19'), if
1

r=1%% (40
then the two are equivalent. Morever, if the demand funct-
ions are of the form in (19') and (20') then the utility
function which generated them is unique up to a monotonic
transformatiion and hence, using (40), the C.E.S. utility
function (35) will preserve the ordinal ranking of welfare
that is given by the model constructed from (4') and (14').
Since we are concerned only with ordinal ranking of the
free trade and tariff warfare utility the C.E.S. utility
function and the associated labour exchange model can be
used.

Equations (38) and (21) or (22) give the partial equi-
librium values of labor imports m% and national income.
Substituting the latter into (37) we get the partial equi-
lium value of domestic labour consumption mi.

Both m%and m% are functions of the relative wage w and
the tariff rate ti. Thus we can view them as parametric
equations of w ( given ti) and obtain an equation relating
Li- mi (the labor exports of country i) and m% (the labor
imports of country i) by eliminating w. This equation
corresponds to the offer curve of country i which trades

its own technology-embodied labour against country B's

technology embodied labour.21 The two offer curves for
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country o« and B are shown in Figure 2.4.

In Figure 2.4, Oa, OB, represent the offer curves of
country a« and B respectively. u* is the trade indifference
curve of country o derived from (35). The slope of OA gives
the international factorial terms of trade facing both

countries. The positions of the offer curves also depend on

the tariff rates imposed.

¥ - n%

o
or
mB OB ua

& A
0
A
o
u
(o} B

mg or LB - m

B
Figure 2.4

Offer curves for countries o and B
and the condition for an optimum tariff for country o

As in the traditional two-country, two-good model,
country o imposes its optimum tariff rate, given the tariff
rate of country B, when the trade equilibrium point A in
Figure 2.4 is such that u® is tangent to the slope of OBat A.

The condition for an optimum tariff rate for country a is
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then given by:

% - 3o e ( 41 )

and for country B:

o
€e -1

where &%= (w/mg)(amg/aw) and eB= (1/w.m§)(am§/a(1/w)) are

the elasticities of foreign labor imports of country a and

B respectively, and mg, mg are given by (23') and (24'). It

can be easily verified that (41) and (42) give the reaction
curves of (29') and (30'). The same system of equations is
thus derived by defining a utility function with labour
consumption as variables.

Substituting (40) into (37) and (38) and putting them
back into (35) yields the indirect utility function for

country o as:

1

6, 6

® +wf/c%) " (43 )

v (e, %, W, wh,y%) = y*rw%)”

Since (39) and (21) together solve for ya in terms of Wa,

WP and ta, we have the trade equilibrium indirect utility

function:

Qf +

v*e,w,t%, L% = WLa[w-e E (ta)—e] ( 44 )
-6 + (ta)—e-l)

(w
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Tariff-ridden equilibrium welfare can then be eval-
uated by inserting the solutions of w, % and rB obtained
from (25'), (29')and (30') into (44). The free trade wel-
fare is found by setting %= tB= 1 and substituting the
solution value of w from (25') into (44). For country o the

relative welfare level is then

e + 1
(wt)e + (ta)e ]———5——

1+ wH®) [
+ (ta)e) 1+ wf

((w)®

(45 )

where wf, wt are the free trade and tariff-ridden equilibr-
ium factoral terms of trade or relative wages. Similarly

with country B, we get the following relative welfare

function:
8 6 + 1
Bt __a+ whH® [ 1 ('cBwt)e] o
R V? (1 + tB(tht)e) 1+ (wf)6 ( 46 )

The expressions (45) and (46) are much more convenient

forms to work with than (33'a) and (33'b). As a result they
are the ones that will be used for the purpose of computing

the relative welfare levels in the simulation analysis.

VIII.Asymmetric Distribution

Asymmetry in the distribution of industries over the
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countries' relative productivity can be introduced by
slightly modifying the CES density function (4). In fact,

(4) is just a special case of the general CES function:
K Ke {a®)® L e1-a%) @ T

K1 (a%)® + (1-a%)%2

f(e;aa,l-aa)

(47 )

By choosing appropriate values for Ki and K2 it is
possible to introduce the desired skewness into the distri-
bution. In particular, if Ki > K2, then the distribution is
skewed to the left in fig 2.3, and if Ki < K2. then it is
sknewed to the right. Setting Ki= K2 we get the symmetric
density function (4').

Integrating (47) we get:22

o
[ rkikex®ta-x)f7t
zZ = 5 53 dx
0 [Kix + K2(1-x)]
_ K1 (a%)® _ 1 ¢ &8
Kx(ad) 9+ Kz(l—aa) ® 1+ er

where K= —%%—. Repeating the same steps as in the symmetric

case we obtain the derived demand for foreign labor by

country o:

W [ K (w/t%)° ] ¢ 45 3

R taWB 1+ K(w/'ca)8

As in the symmetric case, we can introduce a utility

function defined on labor consumption, and operate with it.
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For the general (CES) density function (47) and log-linear
utility functions defined on commodities for the two count-

ries we can define a general CES utility function with

labour consumption as variables: 2>
1
- - i, _ s I 1%, T ¢ & .
\ (Mi' MJ) = [(aiMi) + (biMj) ] 1, =a,B ,1%) ( 50 )
where a ;= a, ba= b and aB= b, bB= a

Maximization of (50) subject to (36) gives the derived
demand function for foreign labour for country «. Comparing

it with (49) we have:

S '
r=-—4%9% ( 40'a )
which is the same as that in the symmetric case, and
1
a _ K1 (]
0 = [ KZ] ( 40'b )

Thus whenever 6, Ki and K2 are chosen, a/b is determined.
and (50) can be used to obtain an ordinal ranking of wel-
fare levels.

Once r is expressed in terms of 6 we can rewrite (50)

as:

[0 QI 4

1 1
o o, 6+1 o, 6+1 _6+1
UM, M) = [(M)" "+ (Mg) ] ( 51)

g and Ng= ng, and rewrite its

national income constraint as:

for country «, where Mg= aM

o O o B0 _ O
W Na + T W NB =Y ( 52 )
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where w*=(w%/a), wP=(whb), and ¥v*= w*(aL%) + (%- 1)w3mg.

Equations (51) and (52) are analogous to (35) and (36).
Manipulating (51) and (52) and the corresponding equations
for country B yield exactly the same system of equations as
(25'), (29') and (30') and the same relative welfare funct-
ions as (45) and (46), except that W = Ma/wBand L'= (a/b)L
have replaced w and L.

Thus, the introduction of an asymmetric distribution
affects the relative welfare level ( the ratio of welfare
at tariff-ridden equilibrium and at free trade) of both
countries through changing the effective relative country
size from L to L'. In this sense, a value of Loin the
asymmetric case will give the same relative welfare level
as L,= (a/b)L_in the symmetric case.

Consequently, the simulation results for an asymmetric
distribution can be deduced from those obtained for the
symmetric case by making appropriate modifications. Thus it
suffices for us to perform the numerical analysis only for
the symmetric case. The numerical results of the computer
simulations and their interpretation are presented in the

next chapter.



Chapter 3

Simulation Results

I.Results of Computer Simulation

This chapter presents the results obtained from the comput-

er simulation with the numerical trade model constructed in

the previous chapter. Specifically, the simulation analysis
comprises four major steps:

(i) specifying numerical values for the exogeneous variables
@ and L in the system of equations (25'), (29') and
(30').

(ii) (a)setting %= tB= 1 and solving (25') to get the free
trade equilibrium factoral terms of trade w.

(b)solving the system (25'), (29') and (30') together
to obtain the tariff-ridden equilibrium values of
ta,tB and w.

(iii) inserting the solutions from (ii) into (45) and (46)
to evaluate the relative welfare levels for both
countries.

(iv) repeating the same procedure with a different set of

values for 6 and L.
The system of equations (25'), (29') and (30') was

solved by using the Gauss Non-linear Simultaneous Equation

System program. Essentially, the program computes the sol-

40
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ution of the system by means of Broyden's Secant method.23

Nevertheless, since the system is non-linear, there is
a possibility of multiple solutions. In order to determine
which of these solutions are true tariff-ridden equilibria
it is necessary to gather some qualitative information on
the system of equations. Drawing the tariff reaction curves
provides an ideal means of locating the possible equilibr-
ium points.

The tariff-reaction curves are represented by the two
equations (29') and (30'). However, direct analysis of the
reaction curves is complicated by the fact that w, which
appears in both equations, is itself a function of % and
tB from the international trade balance equation (25').
To obtain reaction functions in terms of % and tB alone,
we have to eliminate w by combining (25') with (29') or
(30') .

Alternatively, the reaction curves can be drawn by
using the same Gauss program to solve two pairs of equat-
ions (25') and (29') and (25') and (30') in which one of
the variables ti is made exogeneous.This was done for 6 =
0.5 as dual numerical solutions of the full system were

25

found there. For expositional convenience the two equat-

ions (29') and (30') representing the reaction curves (in

terms of the tariff factors) are rewritten as follows for
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e = 0.5:
0 5 B o o p— wo.s 11]
B5(Tth- 1)t - T = == ( 29")
T
0.5(t%- 1)tB B ?_l§70-5 {( 30%)
wWT

The reaction curves and their relationship to relative

country size L are shown in Figure 3.1.

B' '
< R RY

3 T
Figure 3.1

Tariff Factor Reaction Curves for Countries a and B
The reaction curve of country a is downward sloping to
the right and asymptotic to the vertical line TB= 3

and that of country B has a similar shape and is asymptotic
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to the horizontal line t%= 3. The asymptotic behavior of
the curves can be derived by considering (29") and (30").
Since w, ta,tB = 0 the right hand side of both equations is

non-negative and therefore we should have:

v

1 (tl- 1)'c:l - ) 0

2
or = 3 i, =a,B , izj ( 53 )

where tJ is the optimum tariff factor of country j given
the tariff factor of of country i.

Condition (53) implies that the reaction curves of

both countries must be asymptotic to the line tl= 3.

Although (29") and (30") may have solutions outside the
region defined by (53), such solutions are not sensible and
will not be considered here.

The shapes of the reaction curves as shown in Figure
3.1 indicate that there should be at most one observable
equilibrium point when 6 = 0.5, and at which both t* and tB
are greater than 3. Furthermore, an increase in the
relative country size L shifts the reaction curve of
country o« inward and that of country B upward, thus raising
the equilibrium value of % and lowering the equilibrium
value of tB.

In the case of 6 = 0.5, dual numerical solutions have

been found for the system (25') (29') and (30') for all
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values of L. However, since one of them always lies outside
the feasible region as defined by (53) and does not conform
to the trend stated above, the relevant solution is deter-
mined accordingly. As for all other values of 6 unique
solutions are obtained and hence there is no need for a
graphical analysis of the reaction curves.

B and w and the corres-

The equilibrium values of ta,t
ponding relative welfare levels Va, Vg are provided in
Tables 3.1, 3.2 and 3.3. Although the results apply only to
the symmetric distribution of relative productivities, they
can be used to analyse the asymmetric case by simply
transforming the variables in the way shown in the previous
chapter. The effects of introducing asymmetries in the
distribution are explained in detail in Section II below.

Tables 3.1 and 3.2 reveal several interesting and
significant trends and features that deserve comment. As
can be seen from Table 3.1, at tariff-ridden equilibria the
larger country is always imposing a higher tariff rate that
the smaller country. At the same time, the terms of trade
as shown in Table 3.2 is always favourable to the latter in
both the free trade and tariff-ridden equilibria.

These results may be explained in terms of the chara-

cteristics of the computational model. Since both countries

are identical in all aspects ( i.e. they have identical
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utility functions, have an equal number of industries with
a production advantage and all goods are equally prefer-
rable in terms of their unit contribution to national wel-
fare) except their relative size, the larger country must
have a greater demand for imported goods and hence a larger
derived demand for foreign labour. Consequently, to achieve
trade balance the price of imported labour must be higher
for the larger country than for the smaller country, thus
accounting for the more favourable terms of trade for the
latter at free trade.

On the other hand, in order for a country to gain from
tariff imposition, it must be able to turn the terms of
trade in its own favour through restraining domestic demand
for imports so that the benefit derived form the improve-
ment in the terms of trade outweighs the decrease in the
gains from trade due to the erection of the trade barrier.
As the larger country has a greater demand for imports,
higher tariff rates have to be imposed in order to achieve
the aim of restricting import demand. This may explain why
the larger country has larger equilibrium tariff factors.

Comparision of the free trade and tariff-ridden equi-
librium factoral terms of trade also shows that the larger
country has been successful in improving its own terms of

trade, though the equilibrium terms of trade is still



Table 3.1

Equilibrium Tariff Factors T T
for Countries a and B for Different Relative

a

B

46

of T, and the lower number gives the value of <t

Country Sizes L and Patterns of Technology Distribution 6
8
L 0.5 1 3 8 10 50 100 200
:3.2682 2.1544 1.3897 1.1466 1.1173 1.0235 1.0117 1.0059
0.5 3.4023 2.2706 1.4522 1.1746 1.1402 1.0284 1.0142 1.0071
1 3.3292 2.2056 1.4162 1.1583 1.1269 1.0255 1.0128 1.0064
3.3292 2.2056 1.4162 1.1583 1.1269 1.0255 1.0128 1.0064
5 3.5208 2.3833 1.5182 1.2046 1.1648 1.0337 1.0169 1.0085
3.2028 2.1038 1.3658 1.1366 1.1092 1.0218 1.0109 1.0055
10 3.6305 2.4937 1.5851 1.2348 1.1895 1.0389 1.0195 1.0098
3.1630 2.0756 1.3541 1.1320 1.1055 1.0210 1.0105 1.0052
30 3.8478 2.7256 1.7278 1.2973 1.2401 1.0494 1.0248 1.0124
3.1138 2.0444 1.3430 1.1279 1.1023 1.0204 1.0102 1.0051
50 3.9705 2.8626 1.8119 1.3328 1.2687 1.0551 1.0276 1.1038
3.0957 2.0342 1.340 1.1269 1.1015 1.0203 1.0101 1.0051
100 4.1633 3.0847 1.9466 1.3876 1.3125 1.0615 1.0318 1.0159
3.0751 2.0237 1.3373 1.1261 1.1008 1.0201 1.0101 1.0050
150 4.2919 3.2368 2.0375 1.4233 1.3408 1.0689 1.0345 1.0172
3.0649 2.0189 1.3362 1.1258 1.1006 1.0201 1.010 1.0050
200 4.3910 3.3558 2.1076 1.4502 1.3621 1.0729 1.0364 1.0180
3.0584 2.0161 1.3356 1.1256 1.1004 1.020 1.010 1.0050
500 4.7563 3.8054 2.3660 1.5450 1.4364 1.0863 1.0430 1.0215
3.0414 2.0095 1.3344 1.1253 1.1002 1.020 1.0050 1.0050
* . : S
a The upper number in each entry gives the equilibgium value

b All numbers have been rounded to four decimal places.
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0.5

1 3

8

10

50

100

200

10

30

50

100

150

200

500

:1.4722
1.5874

1.000
1.000

0.4488
0.3420

0.3180
0.2154

0.1844
0.1036

0.1432
0.0737

0.1017
0.0464

0.0832
0.0354

0.0723
0.0292

0.0461
0.0159

1.2561 1.0998
1.4142 1.1892

1.000 1.000
1.000 1.000

0.5895 0.7953
0.4472 0.6687

0.4702 0.7330
0.3162 0.5623

0.3298 0.6380
0.1826 0.4273

0.3282 0.600
0.1414 0.3761

0.2251 0.5539
0.100 0.3162

0.1984 0.5297
0.0817 0.2857

0.1815 0.5133
0.0707 0.2659

0.1372 0.4669
0.0447 0.2115

1.0390
1.0801

1.000
1.000

0.9161
0.6363

0.8840
0.7743

0.8390
0.6853

0.8204
0.6475

0.7974
0.5995

0.7851
0.5731

0.7768
0.5550

0.7526
0.5013

1.0314
1.0650

1.000
1.000

0.9318
0.8639

0.9056
0.8111

0.8686
0.7340

0.8533
0.7007

0.8344
0.6579

0.8242
0.6341

0.8174
0.6178

0.7975
0.5684

1.0063
1.0137

1.000
1.000

0.9857
0.9689

0.980
0.9559

0.9721
0.9355

0.9688
0.9262

0.9647
0.9137

0.9625
0.9064

0.9610
0.9013

0.9568
0.8853

1.0032
1.0069

1.000
1.000

0.9928
0.9842

0.990
0.9775

0.9860
0.9669

0.9843
0.9620

0.9822
0.9554

0.9813
0.9516

0.9804
0.9489

0.9782
0.9403

1.0016
1.0035

1.000
1.000

0.9964
0.9920

0.9950
0.9886

0.9930
0.9832

0.9922
0.9807

0.9911
0.9773

0.9905
0.9754

0.9902
0.9740

0.9891
0.9696

*a The upper number in each entEy represents the tariff-ridden

equilibrium terms of trade w

trade equilibrium terms of trade w' .

and %he lower number the free

b All numbers have been corrected to four decimal places.
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Countries a and B

0.5

10

50

100 200

10

30

50

100

150

200

500

20

b

0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

1
0.

1.
0.

1.
0.

1.
0.

7421
8463

7964
7964

9034
6665

9388
6086

9806
5198

9946
4807

0085
4308

0144
4033

0177
3847

0242
3297

0.8169
0.9256

0.8761
0.8761

0.9740
0.7289

0.9978
0.6594

1.0174
0.5518

1.0211
0.5048

1.0224
0.4452

1.0220
0.4127

1.0212
0.3907

1.0178
0.3268

0.9075
0.9811

0.9504
0.9504

1.0038
0.8362

1.0107
0.7760

1.0118
0.6786

1.0105
0.6345

1.0083
0.5768

1.0070
0.5445

1.0061
0.5223

1.0038
0.4556

0.9576
0.9946

0.9799
0.9799

1.0037
0.9178

1.0055
0.8827

1.0047
0.8228

1.0038
0.7943

1.0027
0.7557

1.0022
0.7333

1.0018
0.7175

1.0010
0.6681

0.9651
0.9959

0.9838
0.9838

1.0032
0.9315

1.0046
0.9016

1.0037
0.8502

1.0030
0.8256

1.0021
0.7919

1.0017
0.7723

1.0014
0.7584

1.0008
0.7145

0.9923
0.9993

0.9966
0.9966

1.0008
0.9842

1.0010
0.9768

1.0007
0.9637

1.0006
0.9571

1.0003
0.9480

1.0003
0.9425

1.0002
0.9386

1.0001
0.9258

0.9961 0.9980
0.9997 0.9998

0.9983 0.9992
0.9983 0.9992

1.0004 1.0002
0.9920 0.9959

1.0005 1.0003
0.9882 0.9940

1.0004 1.0002
0.9814 0.9906

1.0003 1.0001
0.9780 0.9888

1.0002 1.0001
0.9732 0.9864

1.0001 1.000
0.9703 0.9849

1.0001 1.000
0.9683 0.9839

1.000 1.000
0.9615 0.9804

* .
a Upper number represents relative
lower number represents relative

b All numbers have been rounded to

welfare of country a, and
welfare of country B.

four decimal places.
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favorable to the smaller country. This is probably because
the larger country has a more powerful influence over the
terms of trade due to the fact that it can bring about more
substantial changes in its demand for imports by raising
its tariff rates. However, as revealed by Table 3.3, the
improvement in the terms of trade may not always be ade-
quate to more than offset the loss incurred by trade
restriction.

For a given pattern of international comparative
advantage or a given value of 6, it can be seen from Table
3.1 that the equilibrium tariff factor of a country in-
creases with its relative size, . Again this may be attri-
buted to the fact that the larger the country relative to
its trading partner, the higher the tariff rate that is
required to curtail domestic demand for imports sufficient-
ly to improve its terms of trade.

On the other hand, keeping the relative country size
unchanged, the equilibrium tariff rates of both countries
decrease with increasing values of 6. A reason for this is
that increasing the value of 6 decreases the variance of
the distribution curve as shown in Figure 2.1 such that the
distribution becomes more concentrated about the vertical
line a%= 0.5. Thus the number of industries with a large

international productivity gap ( difference in the labour
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productivities of the two countries ) has decreased. Hence
a lower tariff rate is needed by a country to offset the
cost advantage possessed by its trading partner.

This implies that a country can achieve the same
amount of reduction in domestic demand for imports with a
lower tariff rate . Consequently, lower equilibrium tariff
rates are obtained for both countries. The effects of re-
ducing the variance of the distribution is also seen
in Table 3.2 as both the free trade and the tariff-ridden
equilibrium terms of trade improve for the larger country
when the value of 8 increases.

The relationship between ta, IB, L and 6 are depicted
graphically in Figures 3.2 and 3.3. In Figure 3.2, the
equilibrium tariff rate of country o is shown as an
increasing function of L, its relative country size, and
that of country B as a decreasing function of L. The two
curves intersect at L= 1, at which equal tariff rates are
imposed by both countries. Increasing the value of the
parameter 68 shifts both curves downward, reflecting the
observed trend.

Figure 3.3 shows the relationship between ra, tB, and
8 and the effects of changing relative country size on the

B

o : ;
curves. The curves of T, T against 6 are downward sloping
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t*(6 ,L) (' ,L)

tB(e , L)

#.',1)

L
Figure 3.2

B

Equilibrium Tariff Factors ta, T~ and Relative Country Size

L >1 , L' > L

Figure 3.3
B

Equilibrium Tariff Factors ta, T~ and Parameter 6



52

with ¥ > tB for L > 1. Increasing the relative country
size shifts both curves upward. Note that the curves
approach the X-axis asymptotically as 6 increases.

The relative welfare levels ( the ratio of tariff-
ridden to free trade welfare levels ) for both countries
under different combinations of 6 and L are provided in
Table 3.3. Table 3.3 contains the most important piece of
information concerning the welfare consequences of tariff
warfare.

As is obvious from Table 3.3, there can be a winner in
tariff warfare. In particular, it is the larger country
that is likely to emerge as a winner. The smaller country
will undoubtedly lose under all circumstances.

The result that a large country is more likely to win
a tariff war resembles the standard result obtained with a
two-country, two-good model. This is because the larger
country is able to produce a more significant change in its
terms of trade through tariff imposition than the smaller
country. However, there is a tradeoff since the larger
country has to endure a higher cost when it erects trade
restrictions. But beyond some critical relative country
size the improvement in the terms of trade becomes large
enough to more than compensate for the loss and the larger

country will gain from a tariff war.
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The critical relative country size beyond which the
larger country will certainly win a tariff war depends on
the structure of comparative advantage or the value of 6.
From Table 3.3 the critical relative country size decreases
continously from about 100 to less than 10 as 8 increases
from 0.5 to 50.

Generally speaking , the higher the value of 8 and
hence the less dispersed or more concentrated the distri-
bution curve in Figure 2.3, the lower is the critical
relative country size. More precisely, when there is a
substantial number of industries with a large international
productivity gap, ( for example , when 6= 0.5 ) a country
can win a tariff war only if it has a population a hundred
times larger than its trading partner. This would mean, for
instance, a country like the United States confronting a
small Pacific island nation.

An explanation for the tradeoff between the pattern of
technology distribution and the critical country size may
be provided as follow. Intuitively, the greater the number
of industries with a wide international productivity gap,
the higher the cost of imposing tariffs since the domestic
costs of producing the formerly imported goods are much
higher than abroad.

Furthermore, when a country is engaged in a tariff war
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it suffers an additional loss of welfare resulting from the
trade restrictions erected by its rival. Unless it can
manage to improve the terms of trade sufficiently to offset
these losses its welfare will inevitably deterioate. Since
the ability to shift the terms of trade varies directly
with relative country size a larger relative size is
therefore required to win a tariff war.

The relationship between the critical relative country

size and the value of 8 is shown graphically in Figure 3.4.
Lc (8)

I. = Critical
Relative
Country Size

. Figure 3.4 &
Critical Relative Country size Lc and the Pattern of

Technology Distribution
Despite the existence of a definite relationship

between the critical relative country size and the paramet-
er 6, no monotonic trend is observed for the relative

welfare of the larger country along the rows or columns of
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Table 3.3. Along a given column ( i.e.given the value of 6
) the relative welfare level for the large country ( in
this case country a ) increases gradually with L until the
critical relative country size ILc is reached. After that
the relative welfare continues to increase or decrease
depending on the value of 6.

Similary the relative welfare along a row increases
with 6 until the given relative country size becomes the
critical relative country size. Thereafter no clear trend
is observed for the relative welfare of the larger country.

The relative welfare of the smaller country ( in this
case country B ), on the other hand, does show a continual
decline with its decreasing country size. This indicates
that the smaller country loses more and more by participat-
ing in tariff warfare as the relative size of its rival
grows.

Along a given row an opposite trend is observed. Here
for a given L the relative welfare of the smaller country
increases gradually with the value of 8, indicating that
the smaller country suffers less and less loss from the
tariff war. This may be explained by the fact that as 6
increases, the cost of imposing a tariff decreases since
the difference between the domestic and foreign production

costs of imported goods has narrowed. Thus the smaller
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country, though still a loser in the tariff war, incurs
lower costs as a result of its own tariff policy.

The general relationship between the relative welfare

o B
R’ 'R

3.6. In Figure 3.5, the curve plotting Vg against L

levels V and (6, L) are shown in Figure 3.5 and Figure

increases up to the point point L = Lc(8) ( where Lc(8) is
the critical relative country size, written as a function
of 6 ). Afterwards the curve does not exhibit a clear

trend. At L = Lc, the relative welfare of country a , ve is

R
g against L, in contrast, is

shown continously decreasing as L increases.

equal to one . The curve of V

In Figure 3.6, the relative welfare of country a and

o
R,

country o has a larger relative size ) are drawn against

country B, V Vg when L is greater than one (i.e. when
the values of 8. The curve plotting Vz against 6 is
continously increasing until it reaches the point 6 =
Ls1 (L) where 1:! is the inverse function of Le=Lc(8) (at

6=L21(L), Vg equals to 1 by definition of the critical

o

relative country size). Beyond 8 = LZI(L) the curve for Vg

does not exhibit a clear trend. The curve Vg is continuous-
ly increasing and asymptotic to the horizontal line VB = 1.

R
The welfare consequences of tariff warfare under

different circumstances are summarized in Figure 3.7, where

the region within which a country will win a tariff war is
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0 - Figure 3.5 Lo (8) b
Relative Welfare Vg, Vg at Different Relative Country Sizes
x B

VR VR . 4
L >1or L >1L
1

Figure 3.6 e (L)~ 2]

Relative Welfare Vg, V‘g and the parameter 6
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is shown for each of the two countries a and B.

L
Both Countries
1 ———————————————————————————————————————————————————————
o
Lose VR,
0

Figure 3.7
Relationship Between Relative Country Size,
Pattern of International Comparative Advantage
and The Welfare Consequences of Tariff Warfare
The sets of all possible pairs of L and 6 that will
enable country a or country B to win a tariff war are
represented by the shaded areas in Figure 3.7. Thus at
point A in the upper shaded area the international condit-

ions represented by the vector (6, L), are favourable to

country « so that it will emerge as a winner. The opposite
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is true of point B in the lower shaded area.

Figure 3.7 has particular dynamic implications for
tariff warfare. Depending on its future growth path and the
relative rate of technological progress or technological
diffusion, a country which is initially a loser in tariff
warfare may in the near future emerge as a winner. This is
so if the international trading environment as described by
the vector (6, L) changes (e.g. from A to B) such that it
is no longer favorable to the initial winner. This implies
that in the long run, policies concerning population growth

and technology also matter.

II.The Effects of Asymmetric Technology Distribution

As shown in the last section of chapter 2, in the case
of a CES density function, asymmetries in the technology
distribution can be introduced into the computational model
by transforming the variables in a way such that w'= (b/a)w,
and L'=(a/b)L, where a/b is a function of the parameters
K1, K2, and 6 in the general CES density function (47).

The system of equations (25'), (29') and (30'), and
the relative welfare functions (45), (46) can be intrepret-
ed in terms of w'and L' and 8 . Thus the results in Tables
3.1, 3.2 and 3.3 can be applied to the asymmetric case by

simply putting L' in place of L and interpreting the
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numbers in Table 3.2 as the equilibrium values of w' (for
both free trade and tariff-ridden equilibrium) given L'
and 6.

The consequences of introducing asymmetric distribut-
ion can be seen more clearly by considering Figure 3.8,

which shows the case for —%— > 1 or a > b.

i 007

Figure 3.8
Relationship between Relative Country Size, Asymmetric
Technology Distribution and the Welfare Consequences of
Tariff Warfare
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Figure 3.8 is obtained by transforming the vertical
axis of Figure 3.7, in such a way that the two shaded areas
and the asymptotic horizontal line have all moved downward.

Figure 3.8 points to the possibility that the smaller
country can win a tariff war. Whenever 2 is sufficiently

b
large ( or —%— » 1) the boundary of the upper shaded area
in Figure 3.7 moves down to cut the horizontal line L = 1.
When this happens country o« may be able to emerge as a
winner in a tariff war with country B even though the
former is smaller. The opposite is true for country B when
a

5 « 1.

Since —%—= (—%%—)1/6 by construction, —%—» 1 implies
K1 » K2. This means that the density function Figure 2.3 is
skewed to the left or, in other words, country a possesses
a production advantage over the majority of industries.
Thus, despite its small size, a has a much more elastic
demand for imports than its larger trading partner, which
has a comparative advantage in a small number of industries.
Consequently the former has a greater control over the
terms of trade and is more likely to win a tariff war.

To conclude, the pattern of comparative advantage does
play an important role in determining the destiny of a

country participating in tariff warfare. A small country

with an overall technological superiority can win .
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Conversely, a colossal country with little technological
advantage may lose. Moreover, whether there is any winner
at all is dependent on the value of 6. The smaller is 6,
and hence the greater is the variance in the distribution

of technology, the less likely it is that any country will

win.



Chapter 4

Summary and Conclusions

This thesis attempts to investigate the welfare impli-
cations of tariff warfare by performing a simulation
analysis with a computational general equilibrium trade
model More specifically, the roles of relative country size
and the structure of comparative advantage in tariff
warfare are studied within the context of a relatively
simple two-country model with a continuum of goods.

The study aims to provide answers to three fundamental
questions concerning tariff warfare. They are restated as
follows for reference.

(i) Can there be a winner in a tariff war , in the
sense that a country is better off at the tariff-
ridden equilibrium than at free trade?

(ii) If so, under what circumstances?

(iii) wWhat is the tradeoff between the factors of relative
country size and structure of comparative advantage
in determining the welfare consequences of tariff
warfare?

The results obtained from the simulation analysis show
that there can be a winner in tariff warfare. In the case
of the symmetric technology distribution it is the larger

country that enjoys the privilege of winning a tariff war.

63
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Furthermore, the more concentrated the distribution, the
lower the critical relative country size. Finally, an
overwhelming comparative advantage ( i.e. a highly
asymmetric technology distribution ) may compensate for
smaller relative size and enable a small country to win a
tariff war.

As we can see, notwithstanding the heroic assumption
of a continuum of goods, the computational model produces
some of the familiar results obtained with a two-good model.
The structure of comparative advantage has a highly signi-
ficant even decisive, role in affecting the consequences of
tariff warfare. Relative country size remains a dominant
factor in determining the ultimate fate of a country in
tariff warfare.

However, these results still differ markedly from
those obtained in a general many-country, many-factor and
discrete goods model such as that developed by Kuga (1973).
In contrast to the latter, only a single tariff-ridden
equilibrium is found in any tariff war. At the same time,
free trade is obviously not included in the set of final
outcomes of tariff warfare under all circumstances , though
when 6 assumes very high values the tariff- ridden equili-
bria approach the free trade position asymptotically.

Strictly speaking, these qualitative results for a
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continuum of goods are valid only within the context of the
present computational model. Just how sensitive the results
may be to alternative specifications of the density funct-
ion and the utility function is yet unknown. Nevertheless,
for the general class of symmetic density functions and
homothetic utility functions it is still reasonable to
believe that similar answers will be obtained for the

first two questions.

It should be realized that the present general equili-
brium trade model is only one of a broad class of models
that can be constructed on a continuum of goods. In order
to focus on the factors of technology distribution and
relative country size and to facilitate computation a
number of restrictive assumptions have been employed. In
future research in this area it may be profitable to relax
some of these assumptions and construct more general and
realistic models.

For instance, different types of tariff-ridden equili-
bria based on more complex behavioural assumptions can be
studied, and the effects of introducing several factors

considered?8

The dynamic behaviour of growing countries
participating in tariff warfare can also be investigated.
Of particular importance is the extension of the study to

many-country case, which is more relevant to the under-
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standing of real world trade problems.

Results obtained from this research help to provide a
more complete picture of the consequences of tariff warfare.
It is hoped that the knowledge accumumlated on the subject
will eventually be useful in guiding the formulation of

more sensible and mutually beneficial trade policies.



Footnotes

lIn the simple two-country, two-good case, a country can
improve its welfare by levying tariffs on its imports
only if by doing so it can can shift the terms of trade in
its own favour. This condition is satisfied if the tariff-
imposing country has a size comparable to its trading
partner.

2In the two-country, two-good case with no domestic dis-
tortions the optimum tariff rate for a single country
is given by:
tl= 2 izj
eJ - 1

where t' is the optimum tariff rate of country iJand € is
the elasticity of country j.

Conditions for optimum tariffs in a world with many
countries, goods and factors are discussed by Kuga(1973).
Apart from reaping additional gains from trade, tariffs
may also be used for correcting domestic distortions. In
the latter case a second-best partial equilibrium optimum
tariff structure can be shown to exist for the undistorted
traded sectors. See Ghosh(1979) for a detailed discussion
of optimum tariffs in a distorted multi-commodity economy.
The problem of optimum tariffs in a distorted economy was
also studied by Bhagwati and Ramaswami (1963, 1969), Bruno
(1972) and Kemp and Negishi (1969).

3Like oligopolists, trading countries may follow different
strategies in a tariff war and a wide variety of final
outcomes are possible. A classic treatment of tariff
policy and retaliation in the context of a standard two-
country, two-good model is provided by Johnson(1955), who
applied the behavioral assumptions underlying a Cournot
duopoly to the analysis of tariff warfare. Kuga(1973) ex-
tended the analysis to a multi-commodity, country and
factor model. An interesting result obtained by the latter
is that unlike the simple two-country two-good case free
trade may be included in the set of equilibria in the
general model.
The welfare implications of cooperative tariff nego-

tiations were explored by Mayer(1977) and El-Agraa(1979).

4Depending on the circumstances under which tariff war
takes place and the assumptions underlying retaliatory
behaviour, a tariff-ridden equilibrium may or may not ex-

67
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ist. However, by making appropriate assumptions Kuga(l1973)
has been able to prove the existence of such equilibria
in a general many-good, many-country and many-factor
world.
5Here technology refers to the production functions of dif-
ferent industries, though in the multi-factor trade model
in which production functions are assumed to be identical
across countries technology is usually defined as the
factor intensity ( ratio of the amount of different fact-
ors employed ) used in production.

see Wilson(1980) for a detailed discussion of such a trans-
formation and its applications.

7In this study the problem of the distribution of gains
among members of a country is disregarded by assuming
identical homothetic individual preferences. Distribution-
al considerations can be taken into account more explicit-
ly by specifying a social welfare function defined on the
utility levels of the individuals in the economy.

8See footnote 2.

9Other forms of trade restrictions such as export taxes and
import quotas can of course be introduced and considered
explicitly. However, since there is much equivalence be-
tween different forms of trade restrictions it will be
desirable to focus exclusively on tariffs in order to
avoid unnecessary confusion.

197 cournot equilibrium or Nash equilibrium is achieved
when each country is imposing its own optimum tariff rate
given the tariff rate of the other country rate of the
other country. Such equilibria, if they exist, are given
by the intersection points of the tariff reaction curves.
Beginning from free trade, a Cournot equilibrium is
usually achieved after successive iterations along the
reaction curves ( i.e. only after sequences of retaliat-
ion ). Therefore some equilibrium points, as determined
by certain stability conditions, may never be attained.
On the contrary, any Nash equilibrium can be achieved
instantly on the grounds that the trading countries
recognise their interdependence and hence no time is
wasted in intermediate process of adjustment.

11A tariff reaction curve gives the optimum tariff rate
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that maximizes a country's welfare given the tariff rate
of its rival. It bears a close resemblence to the react-
ion curve in a Cournot duopoly which gives the profit
maximizing output of a firm given the other firm's output.
12See, for example, Piggot, J. and Whalley, J. ed. "New De-
velopments in Applied General Equilibrium Analysis"

4

Cambridge University Press, 1985, for a survey of recent

developments in general equilibrium trade models.
13Normalization affects only the absolute magnitude of
equilibrium variables but not their qualitative propert-
ies, which depend on their relative magnitudes.
14Alternatively, we can save many steps by defining direct-
ly a density function defined on the countries' relative
productivity. That is, define a function f(p) such that

fo}
zZ = I f(x)dx
o

is an increasing function of p, and index the commodities
directly with respect to p.
15As mentioned earlier, the model deals with only Cournot
or Nash equilibria, at which no further welfare improve-
ment can be expected by a country by changing its tariff
policy, given the tariff rate of the other country.

i, we have dfl= o} and hence we can operate with T

instead of t—.

16Since =1+ tt Yhere t! is the tariff rate of cogntry
t

17Remember that we have set w*= 1; thus the equilibrium
rglative wage depends entirely on the solution value of
w-.

18See appendix.
2%ne can verify that this is the proper solution by dif-
ferentiating (5') with respect to a™.

21Wilson(1980) has extended the analytical technique to a
many-country case and derived the Marshallian demand
functions for labour for each country. These functions
are found to exhibit the same characteristics as ordinary
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demand functions for commodities.

226ne can easily verify that this is the proper solution
for the general C.E.S. function by differentiating (48)
with respect to a .
23Here we have non-identical utility functions for the two
countries. This is because the asymmetry in distribution
has been incorporated in the utility functions defined on
labour consumption.
24See for example Dennis, J.E. and R.B. Schabel, "Numerical
Methods for Unconstrained Optimization and Nonlinear
Equations", Prentice Hall, 1983, for a detailed discuss-
ion of the alogrithm.

25Reaction curve analysis is not carried out for values of

@ > 1 not only because they give unique numerical solut-
ions, but also because solving the two pairs of equations
(25') and (29'), and (25') and (30') is extremely
difficult.

26See footnote 25.

27As shown by equations (23') and (24') the derived demand
for foreign labour is an increasing function of country
size.

28Dornbush, Fischer and Samuelson(1980) have studied a
continuum of goods in a two-factor Heckscher-Ohlin model.
Their study has shown that most standard results obtained
in the two-good model ( e.g. Stolper-Samuelson Theorem,
and factor price equalization ) continue to hold in the
context of a continuum of goods.
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APPENDIX I

I.Variance of the C.E.S. Density Function
In this appendix it will be shown that the variance of
the symmetic CES density function decreases with the value
of 6. By definition the variance of the CES distribution
is:
1
Jo (x - 0.5)2£(8; %, 1-x)dx

var (6e; x)

1

6-1 6-1
N [ (x2 - x + 0.25) -2 > (1'X)9 dx
0 [x~ + (1-x%x) ]
1 1

_ J o x971(1-x)971 dx - J o x2(1-x)971 dx
o [0+ (1-0%)? o [0+ (1-x)%2

1

-1 -1
+ 0.25J L g a x)e — dx
o X2+ 10

1
_ [ o x®t1(1-x)81
0

x? + (1-x)%)

dx - 0.25 (1)

: |
6 xe(l-x)e 1

dx = 0.5 and
o ¥+ (1-0)°]

since E(x) = [ 3
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1
J o x®1(1-x)®1
0

dx = 1
ix? + (1-0)9

Integrating (1) by parts and simplifying, we get:

1

6+1
Var(e; x) = 0.75 - 2[ 5 = 5 dx ( 2)
0 [x~ + (1-x) ]

To find out how the variance changes with the value of

the parameter 6 we differetiate (2) with respect to 6.

|
dvar(e; x) _ -2 I X9+1(1-x)9[1n X - In(1-%)] e
L) 3 [Xe + (l_x)6]2

0.5

_ J x9+1(1-xée[1n X -612(1-x)] a4
0 [x~ + (1-x) 7]

1
e+1 ) _ _
-2 J X (1 g) [ln x - ;n(l X) ] dse (3)
0.5 [x~ + (1-x%) ]

The first term in the (3) is non-negative and the
second term is non-positive. However, since the absolute
value of the second term is greater than that of the first

term we have:
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dvar (8; x)
a6

Therefore the variance of the CES distribution decreases

<0 for all @ > 0O

with increasing value of 6.



APPENDIX II

Solving Non-linear Simultaneous Equation System With Gauss

The non-linear equation system (25'), (29') and (30')
were solved by using Gauss Non-linear Simultaneous Equation
System (NLSYS) command. The command files are included here

for reference.

PART I.Solving for the tariff-ridden equilibrium values of

Ta, tBand w with the Gauss NLSYS command.

/% s S
NLSYS1.EXP -- Example command file using NLSYS to solve

sets of non-linear simultaneous equations.
Before using this the first time during any
session (or after a NEW command), type:

RUN NLSYS.SET
See NLSYS>DOC for additional instructions. */

/* STEP 1: specify kxl1 vector of starting values =-- there
MUST be the same number of starting values as
there are equations.

— */
let x0 = 1.5 1 1.5 ;

bl = 8; b2 = 500;
/* list starting values here -- name should be kept X0 */
T e */

vf = zeros(rows(x0),1); /* size of this vector is determin-
from x0 */

proc f(x):
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/*STEP 2: specify the equations to be solved, as a function
of the arguments. The objective is to solve for
values such that f(x) = 0.

*/
local x1, x2, X3;
x1 = x[1,1]; x2 = x[2,1]; %3 = xX[3,1];
vE[l,1] = (x1~(bl*2 + 2))/(x37(b1*2)) + 1 - b2%((x2*x3)
5 (b1%2) + x3%A32);

vE[2,1] = bl#%x1A2%x242 - x1722%(1+bl) - (x3/x1)~(b1%*2);
VE[3,1] = b1*x172*x222 - x272*(1+bl) - (1/(x2*x3))”(bl*2));
e e e e e e */
retp( v )
endp;
/K e e */
/* STEP 3: specify the options you want.
*/
output file = nl.out reset: /* specify output file, if
desired. */
convtol = le-6; /* convergence tolerance.
prntit = 1; /* if 1, will print on every
iteration -- however, */

pressing ANY key while the
program is running will
toggle the printing on and
off. */
prntout = 1 /* if 1, will print final
output; NOTE: the solut-
ion vector is always */
assigned to x1, and will
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be in memory when the
program is completed.

fname &£ /* change this if the name
of the proc containing
containing the function
is not = f. */

gradname = &grad; /* change this to specify

another proc to compute

the Jacobian matrix, if

desired. */

jco = 0 /* change this to specify a

kxk matrix to be used as

the initial value of the

Jacobian, if desired. */

[ === P */
/* The following code actually calls the proc that solves

the equations. */

»
=
I

nlsys(fname, x0, jcO0, convtol, prntit,prntout):;
Note: In the above command file, f£[1,1], £[2,1] and £f[3,1]
represent equations (25'), (29') and (30') in the text, and
X1l = ('t:"‘)l/2 B)l/2 and x3 = wl/z. The two
parameters bl and b2 represent the parameter 6 and the

, X2 = (T

relative country size L in the original equations.The free
trade equilibrium value of w is solved by using equation
(25') alone and setting %= tB= 1 ( i.e. by deleting f[2,1]
and f£[3,1] in the above command file and setting x1 = x2 =
1 for £[1,1] ).

PART II.Plotting the tariff factor reaction curves for both
countries for 6 = 0.5.
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The tariff reaction curves for countries o« and B are
plotted by solving two pairs of equations——(25') and (29')
for country a, and (25') and (30') for country B—in which
one of the tariff factors (ta, tB) is made exogeneous.

(i) Command file for plotting the reaction curve of «.

Jh=mmmmmme == ==
NLSYS1.EXP —-- Example command file using NLSYS to solve
sets of non-linear simultaneous equations.
Before using this the first time during any
session (or after a NEW command), type:
RUN NLSYS.SET
See NLSYS>DOC for additional instructions. */
T L */
/* STEP 1: specify kx1l vector of starting values -- there

MUST be the same number of starting values as

there are equations.

'
let x0 = 2.0 1.3;
bl = 0.5; b2 = 50; b3 = 2.5;
/* list starting values here -- name should be kept X0 */
T */

vf = zeros(rows(x0),1l); /* size of this vector is determin-
from x0 */

proc f(x):

/*STEP 2: specify the equations to be solved, as a function
of the arguments. The objective is to solve for
values such that f(x) = 0.
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m—mm——————————ss————s————=============== */
local x1, x2;
x1l = x[1,1]; x2 = x[2,1];
vE[1l,1] = (x1~(bl*2 + 2))/(x2~(bl*2)) + 1 - b2*((b3*x2)
A(bl*2) + x2*72);

VE[2,1] = bl*x172%b3~2 - x172*(1+bl) - (x2/x1)"(bl*2);
e */
retp( vf ):
endp;
T */
/* STEP 3: specify the options you want.

—————————————————— */
output file = nl.out reset: /* specify output file, if
desired. */
convtol = le-6; /* convergence tolerance.
prntit = 1; /* if 1, will print on every
iteration -- however, */

pressing ANY key while the
program is running will
toggle the printing on and
off. */
/* if 1, will print final
output; NOTE: the solut-

ion vector is always */

I
=

prntout

assigned to x1, and will
be in memory when the
program is completed.

fname &f /* change this if the name
of the proc containing

containing the function
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is not = f. */
gradname = &grad; /* change this to specify
another proc to compute
the Jacobian matrix, if
desired. */
jco = 0 /* change this to specify a

kxk matrix to be used as

the initial value of the

Jacobian, if desired. */
Vi == %/
/* The following code actually calls the proc that solves

the equations. */

X1 = nlsys(fname, x0, jcO, convtol, prntit,prntout):;

Note:In the above command file, f[1,1], £[2,1] correspond
to equations (25') and (29') in the text, and x1 = (ta)l/z,
1/2

X2 =W

, b1 = 8, b2 = L. The parameter b3 represents
the square root of the exogeneous tariff factor tB (or
b3 = (cf)1/2y,

(ii)Command file for plotting the reaction curve of B

e R A
NLSYS1.EXP -- Example command file using NLSYS to solve

sets of non-linear simultaneous equations.

Before using this the first time during any

session (or after a NEW command), type:

RUN NLSYS.SET
See NLSYS>DOC for additional instructions. */

/* STEP 1: specify kx1l vector of starting values =-- there
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MUST be the same number of starting values as
there are equations.

*/
let x0 = 2.0 1.3;
bl = 0.5; b2 = 50; bd = 2.5;
/* list starting values here -- name should be kept X0 */
K e e e e e */

vf = zeros(rows(x0),1l); /* size of this vector is determin-
from x0 */

proc f(x):

/*STEP 2: specify the equations to be solved, as a function
of the arguments. The objective is to solve for
values such that f(x) = 0.

- ===%/
local x1, x3;
X1l = x[1,1]; x2 = x[2,1]:
VE[1,1] = (b4~ (bl*2 + 2))/(x2~(b1l*2)) + 1 - b2*((x1%*x2)
A(bl*2) + x2%42);
vf[2,1] = b1l*x172*b4r2 - x172%(1+bl) - 1/((x2%*x1)~(bl*2));
T e T */
retp( vf )
endp;
K e —————— */
/* STEP 3: specify the options you want.
e */
output file = nl.out reset: /* specify output file, if
desired. */
convtol = le-6; /* convergence tolerance.
prntit = 1; /* if 1, will print on every

iteration -- however, */
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pressing ANY key while the
program is running will
toggle the printing on and
off. */
/* if 1, will print final
output; NOTE: the solut-

I
=

prntout

ion vector is always */
assigned to x1, and will
be in memory when the
program is completed.

&f /* change this if the name
of the proc containing

fname

containing the function
is not = f. */

gradname &grad; /* change this to specify
another proc to compute

the Jacobian matrix, if

desired. */

jco = 0 /* change this to specify a

kxk matrix to be used as

the initial value of the

Jacobian, if desired. */

/* == ==*/
/* The following code actually calls the proc that solves

the equations. */
X1 = nlsys(fname, x0, jcO, convtol, prntit,prntout):;
Note:In the above command file, f[1,1], f[2,1] correspond
to equations (25'), (30') in the text, and x1 = (tB)l/z,
1/2
w

the square root of the exogeneous tariff factor % (or

X2 = , bl = 6, b2 = L. The parameter b4 represents
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1/2

ba = (t%) ).

PART III.Computing the relative welfare levels for countries
o and B.

The relative welfare levels (ratio of welfare levels at
tariff-equilibrium and at free trade) for both countries
are computed by Gauss using equations (45) and (46) in the
text. The command file are included as follows.
Command file wel.cmd.
let bl 10;
x1l = 1.1648;
X2 = 1.1092;
X3 = 0.9318;
x4 = 0.8639;

ul = ((1 + x4*bl)*(x3~bl + x1~bl)~(1 + 1/bl))/((x34bl
+ x1A(bl + 1))*(1 + x4~b1)~(1 + 1/b1));
u2 = ((1 + x47bl)*x4*(1 + (x3*x2)~bl)~(1 + 1/bl))/(x3

*(1 + x37b1*x3~(bl + 1))*(1 + x4~b1)~(1 + 1/bl));

Note:In the above command file, x1, x2 correspond to T and

tB, and x3, x4 to wtand wf. The parameter bl represents the
parameter 6 in the equations (45) and (46) in the text.
Expressions ul and u2 correspond to equations (45) and (46)

respectively.
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