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In this thesis we estimate and analyse several
econometric models for the Brazilian trade equations. A
major attention is given to the questions of stationarity
and parameter instability. We test for the presence of
unit roots by using the Dickey and Fuller, and Phillips
and Perron tests and the Johansen procedure, and apply a
error correction mechanism to the data. To investigate
the question of parameter instability we use the Kalman
filter in both classical and bayesian approaches and the
switching regressions technique. These tests and
estimations are performed using both annual and quarterly
disaggregated data. We show that, in some cases, the
trade equation coefficients are indeed time varying. The
changes 1in the trade elasticities are then related to
changes in the trade policy regime and to the industrial

structure of the economy.
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INTRODUCTION

For the last ten years foreign trade has been a
major concern of Brazilian economic policy. The debt
crisis in 1982 brought about the need to obtain a large
trade surplus to offset the current account deficit. As
foreign loans suddenly became unavailable, the only way
to keep paying interest on the foreign debt and ensure
the flow of 1imports was through a massive increase 1in
exports.

These severe balance of payment problems motivated
several attempts to estimate trade equations for policy
analysis. However all this empirical work shares the
assumptions of stationarity and constant parameters. The
main concern of this thesis is that these assumptions may
not be appropriate in this context and, therefore, we
propose to investigate this matter by using new
techniques that deal with non-stationary series and time
varying coefficients.

As far as the question of stability of the Brazilian
trade equations coefficients 1is concerned the existing
literature 1is quite inadequate. In most cases this
question 1is mentioned but the treatment does not go
further than applying structural stability tests.
Regardless of the result of the structural stability test

this question is not examined further.



As Goldstein and Khan (1985) have noted when
discussing trade equations: “"Changes in the Dbasic
relationship can either be gradual or sudden, and in
either case the resulting parameters will be biased and
inconsistent if allowance is not made for the shifts.
There are in fact good reasons for expecting that trade
relationships are subject to both types of changes.
Gradual changes in the elasticities can come about as the
pattern of trade changes during the process of economic
development or as the result of changes 1in government
trade policies. Sudden shocks such as changes 1in the
exchange rate or exchange rate regime, or large oil price
increases can also fundamentally alter the basic demand
and supply relationships”.' In a more general framework
Lucas (1976) has also claimed that since agents have
rational expectations the parameters in the econometric
relationships may not remain constant after changes in
the policy regime. Additionally, parameter instability
may also be expected as a result of Orcutt’s "quantum
effect” or from aggregation problems.?2

Given the large changes in the structure of
Brazilian trade and sharp modifications in trade policy
during the 1last three decades, the Brazilian trade
equations might be particularly subject to parameter
instability.

Brazilian exports previously relied on coffee but

are now based on manufactured and semi-manufactured

1) Goldstein and Khan (1985), p.1073.
2) See Orcutt (1950).
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goods. The 1import substitution process has completely
reshaped the industrial structure. Two major import
substitution plans, the Plano de Metas and the II PND,
were particularily important in encouraging import
substitution in new industries, especially 1in the
intermediate and capital goods sectors. Moreover, this
import substitution process also contributed to alter the
composition of 1imports, substantially reducing the share
of consumer goods.

Exchange rate policy has changed from a single to a
multiple rate system and back again. Direct import
controls and additional <costs have been imposed on
imports from time to time. Substantial changes in tariff
policy have also taken place and a quite generous system
of export incentives has been introduced.

The main objective of this thesis is the estimation
and analysis of time varying parameter models for
Brazilian foreign trade. These estimations are performed
mainly by using the Kalman filter in both classical and
Bayesian frameworks. We then try to associate the changes
in the coefficients with changes in the policy regime or
the import substitution process. The thesis also provides
a case study of the relative advantages and disadvantages
of some of the different statistical methods that have
been proposed.

The assumption of weak stationarity, that is, that
the first and second moments of a time series are
time-invariant, played an important part in the

development of classical econometric methods.



Subsequently time series analysts drew attention to kinds
of trends, in mean and variance, and Box and Jenkins
(1970) popularized the approach of differencing a series
to reduce it to stationarity. Such a series is referred
as difference-stationary or integrated series,
equivalently we can say that its autoregressive operator
contains one or more wunit roots. Box and Jenkins
presented a number of judgemental methods for determining
the required degree of differencing, that is, the order
of integration or number of unit roots. It was only later
that formal hypothesis tests were developed.3 Although one
can make a series stationary by taking first differences,
this approach implies loosing all the long run properties
of the model.

Stationarity was always taken for granted in
previous work on Brazilian foreign trade. No attempt was
made to test for the presence of unit roots in the data.
Given the results obtained by Nelson and Plosser (1982),
revealing the presence of unit roots in many economic
time series, it seems inadequate to treat this question
by assumption. Actually, evidence of the inadequacy of
assuming stationarity when dealing with economic time
series had been given a long ago by Granger (1966). The
"typical spectral shape”, with high values at 1low
frequencies, observed 1in economic time series 1is an
indication of how important trends are in this kind of

series.

3) See Fuller (1976).



Therefore, the approach adopted in this thesis
consists in first testing for the presence of unit roots
using a number of test statistics available, going from
the simple Dickey and Fuller test to the recent and
sophisticated Johansen procedure. Once the presence of
unit roots is observed we test for cointegration and use
a error correction approach to model the data.

The advantage of using an error correction mechanism
is that economic theory is used to establish only the
long run relationship between the variables, while the
short run dynamics 1is data determined. A general to
specific approach is adopted to deal with the question of
dynamics. We start with a fairly general dynamic
structure and test successive restrictions that are data
acceptable and economically meaningful to obtain a
simpler dynamics.

The question of how to deal with dynamics,
especially when using quarterly data, is also a common
problem far as the empirical work on Brazilian trade
equations is concerned. None of the existing work employs
anything more complex than the simple partial adjustment
model. The use of a error correction mechanism and the
general to specific approach mentioned above 1is also
useful in overcoming this problem.

Trade equations will be estimated using quarterly
and annual data. The estimation will be performed using
aggregated and .disaggregated data. For 1imports we will
use total, intermediate and capital goods, while for

exports we use data on total and industrial exports.



The thesis proceeds as follows. In chapter two we
present the production theory and the classical supply
and demand approaches for modelling trade equations. In
the case of the production theory approach the question
of parameter instability can be addressed by choosing the
appropriate profit function. We use a translog
specification as an example of a profit function that
generates non-constant elasticities. Some discussion of
usual econometric questions, such as the choice of
variables and functional form, treatment of dynamics and
stationarity and aggregation, is also included 1in this
chapter. Finally, we present a critical survey of the
relevant empirical literature on Brazilian trade
equations.

The next chapter provides a general presentation of
Brazilian trade policy for the period 1947 to 1988.
During this period Brazil has experienced several abrupt
changes in the trade policy regime. There was the
creation of the tariffs system, the change from multiple
to single exchange rate, the creation of an export
incentive program, two major import substitution plans
and several measures to control imports. In other words,
this chapter contains the policy background necessary to
analyse the changes in the trade equation coefficients.

In chapter four we deal with the econometric methods
that will be used in the estimation work. Most of this
chapter is concerned with presenting and comparing
several different time varying parameters models. This

discussion includes the purely random model, the



adaptative regression model, the systematic parameter
variation model and the switching regressions model.
Especial attention is given to the Kalman filter and its
use in both classical and Bayesian framework. Some other
econometric issues regarding unit roots and cointegration
are also discussed, namely the Johansen and Engle and
Granger procedures, seasonal cointegration and
encompassing.

The fifth and sixth chapters present and discuss
the empirical results for imports and exports,
respectively. In these two chapters the trade models
presented 1in chapter two are estimated wusing the
econometric methods discussed in chapter four and the
results are analysed against the background of policy
change discussed in chapter three. The classical Kalman
filter approach, the switching regressions model and the
Bayesian Dynamic Linear model are used to estimate time
varying trade elasticities. We will associate the changes

in the coefficients with the changes in the trade policy

regime.
Finally, in chapter seven we present general
conclusions of the thesis, including some policy

implications of the results obtained in chapters five and

six and an evaluation of the econometric methods used.



I) Introduction

In this chapter we will address the question of how
to model trade equations. We will discuss not only the
theoretical aspects but also some of the applied work
using Brazilian data. .

We will deal as well with some of the practical
econometric problems involved such as which variables to
use, how to model the dynamics, parameter instability and
stationarity.

A1l empirical work on Brazilian trade equations to
date have assumed that the parameters are constant. This
may be an unrealistic assumption, if price and income
elasticities in trade equations vary not only cyclically,
according to movements in the business cycle, but also as
a result of the implementation of different trade
policies or changes in the pattern of trade due to the
process of economic development. Such parameter
instability might be particularly expected 1in the
Brazilian case, given that in the last thirty years there
have been several abrupt changes in trade policy and two
major import substitution programs.

Following this introduction, the chapter has three
sections. In the next section, we present the main

theoretical aspects of trade equation modelling,



together with some empirical issues. The third section
contains a discussion of the empirical work available on
trade equations in Brazil and the last section presents

the conclusions and remarks.

II) Ihe Specification of Trade Eguations

There are two different approaches to the modelling
of trade equations. The traditional approach, surveyed by
Goldstein and Khan (1985) and Magee (1975), adopts a
household model treating traded goods as final goods that
enter the consumer sector directly. An alternative
approach, surveyed by Woodland (1982) and Kohli (1991),
models  trade equations from a production theory

framework.

1) Ihe Production Theory Approach

In this model the small country hypothesis is
adopted, implying that only import demand and export
supply have to be estimated. Al11 1imported goods are
supposed to be intermediate goods, used by the production
sector as inputs. On the other hand, exported and
domestic goods are assumed to be separable outputs of the
production sector. That is, in this model there 1is no
consumption of traded goods, since all imports are inputs
while exported goods are different from domestic
production. Duality theory is used to derive
econometrically convenient equations.

The model uses a short run or restricted profit

function, or GNP function, to represent the technology.



Import and export decisions are made by profit maximizing
firms under perfect competition conditions. The firms
choose the optimum imports and output mix given a vector
of domestic and international prices and a vector of
domestic primary factor stocks. The technology s
represented by a production possibility set from which
the profit function can be derived. Therefore, given the
production possibility set T we can define the restricted
profit function, which has the usual properties, as
n(p, v) = maxx { px: (x, v) € T}
where x is a vector of net output (imports enter with a
negative sign), v is a vector of fixed inputs and p is a
positive vector of domestic and 1international prices.
Using Hotelling’s Lemma we obtain
X = Vp m(p, V) (1)
where V is the vector differential operator. Assuming
that capital stock is fixed in the short run, the system
of equations (1) represents the short run domestic output
supply and the short run export supply and import demand
functions. Similarly, we can obtain the system of inverse
demand for domestic primary inputs (if the derivatives
exist)
w=Vy n(p, v) (2)
where w is the vector of factor prices.

To make the model operational we have Jjust to
specify a functional form for the profit function.
Following Kohli (1978), Burgess (1974a and 1974b) and

Lawrence (1987) let us use a translog function defined as
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In(z) = aco +2 ato Inzi + 1/23 S ary Inzi Inzy (3)
i 1 J

Using (3) we can write the translog profit function as!
1nﬂ=a+Ztn1nm +UQZZCW In pi 1n pn
i i h
+§Z di Tn v; + 1/22{2{ ejk In v; In vk

J

+szu In ps 1n v; (4)

where cij = cji and ejk = ekj. TOo ensure that = 18

homogeneous of degree one in prices requires that

Z bi = 1 and Z fij =Z Cinh = 0, (5)
i 3 h

while to ensure that @ is homogeneous of degree one in

domestic primary inputs requires that

Zdj = 1 and Z fij =Z ejk = O. (6)
J j Kk

By logarithmic differentiation we obtain

91n /8 1n pi
91ln ®/8 1In vj;

pi (Om/0ps )/ Si

vij (8n/0v;)/m

piXi/7

(7)

Si

Viwi /%
Applying (7) to (4) we have

Si=bi+ZCm1nph+qu1nVJ
h

’ (8)

si = dj +Z fi3 1In pi +Z ejk 1IN Vk.
i k

1) The choice of functional form 1is arbitrary. Diewert
and Morrison (1989), for example, use a biquadratic
restricted profit function. For a catalogue of possible
functional forms, see Kohli (1991).



These equations can then be estimated econometrically to
obtain the unknown parameters. Note that, since Si and si
add up to one, only n - 1 equations have to be estimated
in each system

One interesting feature of this method is that it
allows the estimation of all cross elasticities of the
domestic supply, labour demand, import demand and export
supply. Moreover, since the functional form chosen for =
is not a constant elasticity one, these elasticities can

be estimated for each point in time.

€ij = (p3j/xi) 0(on/3p1)/dp;

2) Ihe Perfect and Imperfect Substitutes Models

In terms of the traditional approach, as shown by
Goldstein and Khan (1985) and Magee (1975), there are two
different ways to model trade equations, depending on
whether domestic and foreign products are assumed to be
perfect or 1imperfect substitutes. In the 1imperfect
substitutes model, the products are supposed to be
slightly different, in such a way that prices are also
different.

Thus, the demand and supply curves for imported
goods can be written as a function of national income,
and prices of domestic and imported goods. What 1is
relevant for the 1importers is not only the prices, but
actually the final cost paid by the product measured in a
common currency. The demand and supply of 1imports can

then be written as

12



Md = f(Yn, EPm, Pa, T), (9)
fi1 >0 f2 <0 f3 >0 f4 <O
M8 = g(Pnm, P:, S*, Y:), (10)
g1 >0 g2 <0 g3 >0 g4 >0
Md = Ms (11)

where Yn 1is nominal income, Pm and P4 are the import and
domestic price levels, E is the nominal exchange rate, S
is the rate of export subsidies? , and T stands basically
for tariff, but shou]ﬂ also 1include transport costs,
insurance and all other factors that represent an
additional cost for the importer. The asterisk is used to
differentiate between the foreign and home economies. The
aggregate demand function depends positively on nominal
income and domestic prices, and negatively on import
prices measured in 1local currency and the tariff rate,
while in the supply function 1import prices, the foreign
subsidy to exports, foreign income have the positive
sign, and foreign domestic prices a negative sign.

In the same way, demand and supply for exports can
be written as a function of effective prices, including
exchange rate and export subsidies, and external income.

* *

X = 1( Px, Pd, Yn, T* ), (12)
1+ <0 12 >0 13 >0 14 <O
X8 = h( EPx, Pa, S, Yn), (13)
ht > 0 hz2 <0 13 >0 hs >0

Xd = Xs, (14)

2) Note that the supply of imports for a country 1s also
the supply of exports from the rest of the world to the

country.
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where Px is the export price index. The supply of exports
depends positively on export prices in terms of domestic
currency, export subsidies and domestic income, and
negatively on domestic prices, while the demand for
exports is positively related to foreign domestic prices
and foreign income, and negatively with export prices and
tariff rates in the rest of the world.

As 1is common in the 1literature, some additional
hypotheses can be used to simplify the model presented
above. First, the estimation of supply and demand curves
is some times said not to be necessary. If one assumes
the supply curves to be completely elastic, only the
demand functions have to be estimated. Although it may be
possible for a country to buy its imports in the world
market without changing the price, the same does not seem
plausible for exports. Unless there exists idle capacity,
or, more generally, unless the export sector operates
subject to constant or increasing returns to scale, it
seems unlikely that, at least 1in the short run,
production could be expanded without an increase 1in
prices. In other words, although it 1is plausible to
assume that a country 1is a price taker 1in the world
market, it is less plausible to assume that the rest of
the world is also a price taker with respect to the home
economy. One explanation sometimes offered to justify the
estimation of demand equations only is that price

decisions are taken before the decision on quantities,

14



which “implies that within a range of variation in the
data any quantity can be supplied at the given prices".3

If that 1is not the case, the import and export
prices cannot be treated as exogenous variables, and a
simultaneous model must be estimated. The estimation of
the demand equation model alone, when the supply curve is
not totally elastic, would lead to an inconsistent and
downward biased estimate of the price elasticity of
demand. The estimated price elasticity of demand would be
a weighted average of the actual demand and supply
elasticities.

Another way of reducing the number of equations to
be estimated is to adopt the “small country" hypothesis.
If the country’s share in world imports and exports is
small, the supply of imports and the demand for exports
will be completely price elastic or, at least have a
substantially high price elasticity. Thus, the import and
export volumes will depend only on the demand for imports
and supply of exports functions, since the country will
be able to buy its imports and sell its exports with no
feedback on prices. If that is not the case, once again a
simultaneous model must be estimated, otherwise the
coefficients will be inconsistent and biased.

In the 1literature on trade equations it has been
common to adopt the “"small country” hypothesis for
imports, estimating only a demand equation, while in the

case of exports' the use of a simultaneous approach has

often been preferred.

3) Barker (1987), p. 203.
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A second supposition, common not only 1in work on
trade equations but also in consumer theory as a whole,
is the absence of money illusion. This assumption implies
that the functions are homogeneous of degree zero 1in
prices and nominal income. One can then normalise the
variables by the domestic price level, using real income
and relative prices as explanatory variables.

Another possible simplification is to combine prices
and tariffs or subsidies 1into a single variable.
Sometimes it is argued that tariff and import prices have
different effect on imports. This could result from
importers regarding changes in tariff as permanent, while
changes 1in 1import prices are regarded as temporary, or
from the fact that <changes 1in tariff are wusually
announced in advance.4 The same line of argument applies
to export subsidies. In the case of tariffs, empirical
work has shown that import prices and tariffs have equal
effect on import demand.S5

The previous model can then be rewritten as

Mé = f( Y, EPm (14T)/ Pa ), (15)
f1 >0 f2 <0

Ms = g(Y*, Pm(14T)/ P: ), (16)
gr >0 g2 >0

X = 1( Y*, Px(1+T*)/ P:), (17)
' >0 12 <O

X® = h( Y, EPx(1+S)/ Pa). (18)

hi > 0 hz < O

4) See, for example, Balassa (1967).
5) See Hitiris and Petoussis (1984).
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Until now we have dealt with equilibrium models. The
disequilibrium models applied to trade equations that are
available 1in the 1literature are generally of a very
simple fashion. It is normally assumed that the optimum
and actual Tevels of imports or exports are different. A
partial adjustment model 1is then proposed to model the
disequilibrium.®8

More recently, other kinds of disequilibrium models
have been proposed. These modeis follow the work of Fair
and Jaffee (1972), Fair and Kelejian (1974) and Maddala
(1986). The idea 1is to divide the sample 1into points on
the demand and supply curves. Although the maximum
lTikelihood approach to the sample separation problem is
more efficient, simple methods using the price variation
are often used. Rios (1986) and Fachada (1990), for
example, have used the methods proposed by Fair and
Jaffee (1972) to estimate a disequilibrium model for the
Brazilian exports.

On the other hand, if domestic and foreign goods are
assumed to be perfect substitutes, having a common price
given by world supply and demand, price differentials
will play no role in determining the volume of trade. In
this case, imports and exports could be modelled as the
difference between domestic demand and supply.

Let D and S be the total domestic demand and supply

of the traded good, P4 is the domestic price, Y is real

6) See, for example, Goldstein and Khan (1978) and Khan
(1974).
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income and F is some cost variable.?” Then the perfect

substitutes model can be written as

D = f(Pda, Y) (19)
f1 <0 f2 > 0
S = g(Pa, F) (20)

gr >0 g2 <O

4
il

D(Pa, Y) - 8(Pa, F) (21)

Py
1]

S(Pa, F) = D(Pda, Y)- (22)

One should note that 1in this case there are no
explicit demand for 1imports or supply for exports. The
model describes only excess demand, and excess supply of
domestic goods, assumed to be satisfied by imports and
exports. The country’s ability to influence world prices
will depend basically on its share of the world market
and on its own price elasticity of supply and demand.

The choice of the perfect or 1imperfect substitute
model will depend essentially on the kind of product or
the level of aggregation we are considering. For
manufactured goods or aggregates such as consumer and
capital goods, the 1imperfect substitute model seems
adequate, while for homogeneous goods such as crude oil,

wheat or coffee the perfect substitute model 1is more

appropriate.8

7) In this case, as Enoch (1978) shows, a possible
measure of competitiveness is relative costs instead of

relative prices. o .
8) Such models have been applied to the Brazilian 1mp9rts
of crude oil and wheat by Ramos (1985) and Modiano

(1983).



3) QOther Yariables of Interest

3.1) Import Eguations

It is common place in the empirical literature on
import demand to include some other variables to account
for non price restrictions, differences between the
cyclical and secular income elasticities, and for
lTong run trends in the volume of imports.?

In the case of non price restrictions, the basic
argument 1is that there are extra costs that are not
normally reflected in movements of prices. Depending on
which phase of the business cycle the economy is in,
delivery 1lags can change considerably, leading to an
increase or decrease 1in imports. To deal with this
problem, it 1is common to introduce a capacity variable
such as Y/YP, where Y and YP are respectively actual and
potential output. Thus, when the economy 1is overheated,
imports tend to increase, whereas in a phase of
widespread spare capacity the volume of 1imports should
decrease.

Another point, raised by Khan and Ross (1975), is
that one shou]d'distinguish between cyclical and secular
effects on the demand for 1imports. They claim basically
that one should use not only actual income as an
explanatory variable, but also its potential value. Their

model 1is a kind of partial adjustment model, where

9) See Barker (1978), Khan and Ross (1975) and Barker
(1987)



current imports depend on current income and the
"potential demand for imports"” or, 1in other words, the
long run demand for imports, depend on the potential
income. Then, by using a partial adjustment hypothesis,
where deviations between the actual and potential demand
for 1imports are a fraction of the deviation between
actual and potential income, they end up with an equation
in terms of price, actual real income and its potential

value. In analytical terms

Tn Md = a0 + a1 ITn Pt + az 1In yt + ut (23)

In MP9d = bo + b1 Tn Pt + bz 1In YP + vt (24)
t

and

In M - InMPd = d (Inyt - InyP ) + wt. (25)
t t t

Substituting (24) into (25) we get the estimating
equation

Tn Md = bo + bt In Pt + d In yt + (bz-d) 1In yP + et (26)
t t

where et= vt+ wt. Note that the sign of the coefficient
of potential income can be either positive or negative,
depending on the relative sizes of bz and d. Intuitively,
one can think of this sign being positive or negative,
depending on the gradual changes 1in the demand for
imports over time. If structural changes lead to a more
open economy, with an increased proportion of imports in
relation to income, this coefficient should be positive,
and vice versa.

Finally, a third variable normally found in 1import
equations is the time trend. The inclusion of this

variable may be Jjustified on theoretical grounds as
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accounting for 1long run changes 1in the economy and
consequentially in the structure of importsi®, Again, the
sign of its coefficient could be either positive or
negative, depending on how successfu] is the 1import
substitution process. A time trend has also been used as
an explanatory variable 1in the models that adopt the
production theory approach. Kohli (1978), for example,
uses a time trend to account for structural changes 1in
both import demand and export supply functions.

One should note that although these variables may
improve the fit of the equation, in theoretical terms
there is not much that can be said, since in all cases
the expected sign of the coefficients is not clear. Even
in the case of capacity utilization, it has been argued
that a negative sign can be seen as appropriate. If the
domestic business cycle follows the same pattern as the
world economy, then it seems possible that an increase 1in
capacity utilization will lead to a reduction in imports,
since domestic producers can supply faster than foreign
ones. !

Moreover, as shown by Barker (1979), since potential
output is usually calculated as a function of time, these
three variables are interconnected. Despite the different
economic interpretation that is given to justify the use
of such variables, it seems that they are all capturing

the same phenomenon. It 1is our view that variables such

10) See, for example, Weisskoff (1979).

11) Akhtar (1981) and Barker (1987) found eyidence of a
negative relation between <capacity utilization and
imports for the British economy.
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as the potential product and the time trend may be
accounting for structural changes 1in the demand for

imports that cannot be accommodated by the assumption of

fixed coefficients.

3.2) Export Equations

Exactly as in import equations, it is also common to
include other variables such as capacity utilization,
potential product or a time trend in export equations.

Goldstein and Khan (1978) developed a model where
the potential product is one of the explanatory variables
in the supply of exports. The idea is that exports should
respond positively to changes 1in the country’s capacity
to produce. Their model, with some alterations, can be
defined as

*

In X4 = ao + a1 In [ Px(1+T*)/Pa ] + az 1In Y* (27)

Tn Xe bo + bt In [ EPx(1+4S)/Pa] + b2z 1n YP . (28)

az, b1, b2 > 0, a1 <O
This model can also be used to justify the presence
of potential product, as well as other variables such as
capacity wutilization, 1in the reduced form equation.
Solving (27) for Px we obtain
In Px = co + ¢c1 1n X9 + c2 Tn (14T*) + c3 1In P:
+ cs In Y* (29)
where,
¢co = - ao/a1, ¢1 = 1/a1, c2 = -1, ca3 = 1, ca = - az/ar.
cs3, ¢4 > 0, c1, c2 <O

Substituting (29) 1into (28) and assuming market

clearance, we have
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In X = (bo + b1co)/D + b2/D 1n YP + bicsa/D 1n Y*

%

+ b1 /D In [ EPa(1+S)/Pd(1+T*)]. (30)
where, D = 1 - bic
Since D is positive, the coefficients are all
expected to be positive. Similarly, one can get the
reduced form for prices by solving (28) and (29) for Px .

]

In Px = (co+ctbo)/D + 1/D 1n [Pa/(1+T*)] + c4/D 1In Y*
+ c1bz2/D Tn YP  + ci1b1/D In [E(1+S)/Pa]. (31)

As noted above, one could use this same framework to
introduce capacity utilization. It is normally argued
that the supply of exports depends negatively on the
level of capacity utilization. The central argument is
that producers always serve the home market first,
because foreign markets are presumably 1less profitable
due to more costly marketing, transport costs or greater
risk. Therefore bz would be negative. Winters (1981) and
Hotson and Gardiner (1983) adopt this approach.

A different approach to the inclusion of capacity
utilization was adopted by Batchelor (1977) and Brakman
and Joosten (1986). According to them, because producers
prefer to serve the home market first, individual
exporting firms are subject to two different regimes.
When the level of capacity utilization 1is 1low, exports
will be constrained by external demand, but when it is
high, exports will be constrained by domestic supply.
There is then a threshold point such that as overall
capacity utilization rises "factors influencing demand -

world trade and competition prices - became suddenly
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unimportant and those influencing supply - investment,
profitability - become suddenly all 1important."'2 1In
analytical terms the model can be described as

X = min (X1, X2)

X1 = a1 (Yf, P/Pf) + by q

X2 az (K, P/Ph) + bz q
P = c1(Pf) + di1 q if X = x4
= cz(Ph) + d2 q if x = x2

where, x1 1is the demand for exports, xz 1is the export
supply, Yf is real foreign income, K is the net stock of
capital of the firm, P, Pf and PP are the export price of
the firm, price of competing goods and home market price
respectively, and q is the capacity utilization rate.

Taking an individual firm, it has to be operating in
the demand or supply constraint case, but for the economy
as a whole there can exist both demand and supply
constrained firms. Therefore for a firm there will be a
threshold point (q’) where it jumps between regimes, but
for the economy such jumps are clearly 1implausible.
Observations cannot be fully characterized as belonging
to one or the other regime, but rather as helpful in
describing both regimes. Obviously, one observation will
tell more about the supply constraint case once Wg, the
average of q for all firms, 1is 1less than q’ and vice
versa.

Given a distribution function for the capacity

utilization g(qg), which has a expected value of puq, the

12) Batchelor (1977), p.43.



volume of exports for the economy is ( a similar equation

could be written for export prices as well)

'\+w
X = | x g(q) daqg
-
aqs +0
= J x1 9(q) dq + J X2 g(qg) dq.
-0 q’

To make the model operational we just have to add a
disturbance term to the equations and specify the form of
the distribution function g(g). One will then end up with
a single equation that can be estimated by ordinary 1least
squares, being the parameters in both regimes retrievable
from this "reduced form".13

A time trend has also been used in export models,
although 1its theoretical justification is sometimes not
very convincing. In studies on the UK economy, the basic
Justification for using time is the long term reduction
in the UK’s share of world exports.'* The idea is that
British exports have been subjected to a 1long term non
price loss of competitiveness, so that the coefficient on

the time trend will have negative sign.

4) : . derati

When estimating trade equations, as in other
economic relations, one faces several econometric
problems, such as choice of functional form,

13) Another approach to the estimation of this problem
based in switching regressions 1is suggested by Goldfeld
and Quandt (1973a and 1973b).

14) See, for example, Dinenis et alii (1989) or 3rooks

(1981).



simultaneity, dynamic specification, stability of the

parameters and aggregation probiems.

4.1) Eunctional Form
Almost all empirical work on trade equations is

based on a 1log 1linear specification. The evidence in
favour of the log linear specification in import demand
was first provided by Khan and Ross (1977) and later
confirmed by Boylan et alii (1980), both using the Box
and Cox methodology. More recently Hitiris and Petoussis
(1984), using a methodology developed by Godfrey and
Wickens (1981) that allows for serial correlation, again
come out in favour of the log linear specification. 1In
terms of export equations, this problem has normally been

dealt with by assumption.

4.2) Dynamics and Stationarity

To account for the fact that the full response of
the dependent variable to changes in the explanatory
variables may not be completed 1in the same period,
different dynamic models have been used. Perhaps the two
most popular ones are the partial adjustment and the
polynomial distributed lag models.

Although the use of dynamic specifications seems
essential when working with quarterly data, the evidence
suggest that most of the adjustment occurs within a year.
Goldstein and Khan (1976, 1978), for example, have
estimated that the average 1lag of total 1imports 1is

between two and four quarters, while for exports 1t 1is
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between one and five quarters. If one 1is considering
disaggregated data, the problem can be more complicated
once some goods, especially capital goods, are subject to
longer delivery lags.
Another noteworthy observation is that normally

a "specific to general” approach has been adopted. It is
common to start with simple models that are subsequently
expanded to solve the problems that emerge. As shown by
Hendry and Mizon (1978), this 1is not the most adequate
way to proceed, once the test performed in the new model
is conditional on the result of the tests done in the
former model.15

A more adequate and elegant way of dealing with the
question of model dynamics is to adopt an error
correction model (ECM). In the ECM the estimation of the
Tong and short run coefficients is done separately. The
lfong run coefficients, also called cointegrating vector,
are obtained in a first stage by either the Engle and
Granger two step method or the Johansen procedure. These
coefficients are then used in the second stage when only
the short run responses are estimated. This will be the
approach used in this thesis.16

In addition, the ECM is also a good answer to the
question of non stationarity. All the empirical work on

the Brazilian trade equations have assumed, implicitly,

15) An exception is Hitiris and Petoussis (1984), who

adopt a "general to specific approach”. .

16) A more detailed discussion of the ECM, unit roots,
cointegration and the Engle and Granger and Johansen
procedures can be found in the chapter four.



that the variables of interest are stationary.'” If the

variables are non-stationary but cointegrated then the

ECM is the proper model to use.'®

4.3) Simultaneity

As noted above it has been more common to use
simultaneous models for exports, using the "small
country” hypothesis to justify the estimation of the
demand equation alone 1in the case of imports. A better
procedure, however, would be the specification of a
complete model that could be tested for price exogeneity.

Although the simultaneity between prices and
quantities is ruled out by the "small country”
assumption, simultaneity can still be a problem in
relation to 1imports and income. Considering an extended
model, the level of 1imports can be seen as an explanatory
variable in the income equation. This is especially true
in the case of essential imports. For a country where
essential goods represent a large proportion of total
imports, a simultaneity problem should be expected even
in the total imports equation. Most of the 1literature
ignores this problem, failing to even test for the

endogeneity of income.!®

17) The unit root tests carried out 1in chapters 5‘and 6
show that all Brazilian series used in the estimation of
trade equations are indeed non-stationary.

18) See Engle and Granger (1983). _

19) Exception 1is Moraes (1986), who estimates a
simultaneous model.
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4.4) Aggregation

The possibility of an aggregation bias in trade
equations was first discussed by Orcutt (1950). He argued
that goods with low price elasticity can display a larger
price variation, causing a downward bias in the estimated
aggregate price elasticity of demand. Actually, there can
exist a specification bias as well. As Maddala (1977)
points out, each aggregate coefficient is a weighted
average, not only of its own individual values, but of
all coefficients 1in the regression. In other words,
unless all the individual elasticities are equal, the
disaggregated price elasticity should be a weighted
average of the individuals price and income elasticities.

On the other hand, disaggregated equations should
also be preferred on the grounds of using all the
information available. In the absence of misspecification
problems or measurement errors, the use of disaggregated
data should be preferred because there is no 1loss of
information. In practice, however, it is possible that
disaggregated data will have larger measurement error
than aggregated data, and that the specification of
demand functions is 1likely to be more difficult in the
disaggregated equations-20

If one decides to work with disaggregated equations
Barker (1970), using a demand for imports, offers a
simple way to obtain the aggregated price and income

elasticities. When using a log linear specification, the

20) See Aigner and Goldfeld (1974). Winters (1980) has
found evidence indicating that aggregated models explain
total exports better than disaggregated ones.
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disaggregated elasticities contribute according to the
share of the individual import in total imports and the

relative variation of the individual demand over that of

total demand.

n
_ ) dXi /X
ba—iz=1 bi M; /Ma [ —ﬁan /Xa ]

The ratio of relative own variation over relative
total variation is the so called "distribution factor".
If all goods vary in the same way as the aggregate, that
is, the distribution factor is one for all goods, then
the aggregated coefficient s Just a simple weighted
average of the individual coefficients as in the linear

case.?1t

4.5) Parameter Stabijlity

A common assumption in econometrics is constancy of
coefficients. In terms of trade equations, it implies
that price and income elasticities are constant over
time. A first challenge to this assumption was made by
Orcutt (1950), arguing that parameter instability could
arise due to the "quantum effect”. The idea is that
buyers have some kind of inertia in switching suppliers,
in such a way that small and large variations of prices
have different 1impacts on demand. If we have a sample

that contains periods of both small and large variation

21) To obtain the distribution factors, one can run
auxiliary regressions of 1In Xi on 1In Xa.
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of prices, then we should estimate the equation under two
different regimes.?22

Other more important sources of instability are the
government trade policy, changes in the pattern of trade
due to the process of economic development, and sudden
shocks such as changes in the exchange rate regime, large
increase in oil prices, etc. Note that instability can
either result in sharp changes in the coefficients, as a
consequence of sudden shocks, or in smooth changes over
time, resulting from the process of economic development
and on the long run implementation of trade policy.

Together with these secular and sharp changes in the
elasticities it is also possible to find some cyclical
variation. In the case of the income elasticity, for
example, changes 1in the composition of output over the
business cycle may induce it to have a kind of cyclical
behaviour.23

Several authors have tested trade equations for
structural change in the parameters. The evidence in most
cases is in favour of structural change.2* In none of the
cases though, the coefficient path over time was actually

estimated.

22) Learner and Stern (1970) redefine this prob]emlin
terms of speed of adjustment, that is demand will adjust
faster to large variation of prices than to small ones.
23) Evidence that the relation between total import and
expenditure 1is not stable over the business cycle was
found by Giovannetti (1987). '
24) See, for example, Mastropasqua (1982) for the Italian
case, Joy and Stolen (1975) and Stern et alii (1979) for
the United States and Abreu (1987) and Fachada (1990)
using Brazilian data.
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As far as Brazil is concerned, the question of
parameter instability should be expected to be very
important. As we will discuss in the next chapter, Brazil
has had several 1important changes 1in the trade policy
regime. Such changes are bound to have had some effect on
the trade elasticities. Moreover, the import substitution
plans carried out in the beginning of the 1950s and 1960s
changed substantially the structural composition of
Brazilian 1industry, which again could have affected the
parameters stability.

Therefore, one of the central issues in this thesis
will be the estimation of trade equations using time

varying parameters techniques.

III) Brazilian Trade Equations

In this section, we present and discuss the
empirical work available on trade equations in Brazil. We
concentrate our attention on nine papers: Weisskoff
(1979), Abreu and Horta (1982), Dib (1985), Abreu (1987)
and Fachada (1990) on demand for imports, and Braga ad
Markwald (1983) and Paula Pinto (1982), Fachada(1990) and
Zini (1988) on export equations.

Two types of assessment can be undertaken. The first
is concerned with econometric modelling issues and the
second with the discussion and comparison of results. As
far as econometric modelling is concerned, all the
empirical work in question is open to the same kind of
criticism of how to deal with dynamics and stationarity

and residual correlation. The series are 1implicitly
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assumed to be stationary and the treatment of dynamics
does not go further than the partial adjustment model. 1In
almost all the cases a strong residual correlation is
present and is “corrected” by using the Corchrane-Orcutt
technique. Moreover, the inclusion of some kind of a time
trend or a trend 1like variable 1is often necessary to
obtain reasonable results. Therefore the main focus in
this section will not be the econometric criticism of the

papers.

1) Import Demand Equations

We use the results presented by Dib (1985) to
highlight the point about the use of variables such as
capacity utilization, potential output and time trend to
improve the fit of the equation. Table 1I.1 presents
various experiments with different specifications done by
Dib (1985). To solve the autocorrelation problem 1in
equation 1 she tries basically to use different
combinations of the capacity wutilization, potential
output and time variables. The theoretical gquestions
concerning this Kind of variables were discussed
previously.

Note that price and income elasticities in equations
2 and 3 are almost identical, reflecting the fact that
potential output 1is constructed just as a function of
time. They are measuring, as Weisskoff would argue, the
import substitution process, or, as I would argue, long
run changes in the coefficients caused by the import

substitution process.
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On the other hand, the inclusion of the capacity

utilization variable in equation 5 substantially changes

the

income elasticity, from 3.29 to 1.06. As argued
before this variable is wused to explain cyclical
movements 1in 1import demand. Therefore, the reduction in
the income elasticity could be associated with the
separation between the cyclical and secular effects.
Table II. 1
Demand Elasticities - Dib (1985) - 1960/80
equation income potential capacity time price
output utilization
1 1.509 - -- . -0.751
2 3.293 -2.232 -— - -1.128
3 3.291 - -- -0.155 -1.129
4 - - 3.292 0.074 -1.128
5 1.061 -- 2.232 -- -1.128
6 - 1.061 3.293 -- -1.128
Source: Dib (1985).
She also tries to introduce some dynamics into the

equation via a partial

for forecasting purposes,

model.

As can be gleaned from tables II1.2 and 1II.3,

comparison of the
(1982) and Abreu

the magnitude of price and

results presented by Abreu and Horta

adjustment model,

(1987) seems to show

income elasticities

but in the end,

1ittle change

chooses equation 5 as the best

the

in

in the
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equations estimated for the periods 1961/80 and 1960/87.
However, the elasticity of imports with respect to
capacity utilization changes considerably for
intermediate and capital goods. Even for total imports,
Abreu (1987) shows that the capacity utilization
elasticity would also change substantially if we did not
incorporate the dummy variable for 1974 into the

equation.

Table II.2

Demand Elasticities - Abreu (1987) - 1960/85

income capacity debt price
utilization reserves

Total 1.074 2.593 - -0.685
intermediate 0.999 2.152 - -0.538
goods
consumer 0.813 - -0.219 -
goods
capital 1.085 3.389 - -0.638
goods

Source: Abreu (1987).

According to Abreu (1987), this large change 1in the
capacity utilization elasticity is due to measurement
problems 1in this variable. In the construction of
potential output, a constant rate of growth is built 1in,
in his case 7.58%. However, because of the severe
adjustment progfam in the period 1981-83, it 1is not
plausible to suppose a continuous growth of potential

output at the same rate as before. Therefore, the
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constructed capacity utilization variable would
overestimate the true spare capacity in the economy. Note
that if capacity utilization is actually part of the true
specification, this measurement problem could be overcome
by a time varying parameter model. The measurement error
could be compensated by allowing the capacity utilization

elasticity to vary.

Table II.3

Demand Elasticity - Abreu and Horta (1982) - 1961/1980

income capacity debt price
utilization reserves

Total 0.947 2.762 - -0.754
intermediate 1.130 1.106 - -0.566
goods
consumer 1.279 - - -0.337
goods
capital ' 0.995 5.072 - -0.666
goods

Source: Abreu and Horta (1982).

A better way of approaching this problem is to use a
measure of capacity utilization that allows for a time
varying potential output growth rate. This question is
addressed in chapter 5 where different measures of
capacity utilization are calculated and compared.

As reported in table II.4, Abreu (1987) also shows
that even the income and price elasticities cannot be
regarded as constant over this period. Experiments using

recursive least squares for the period 1969/1985, showed
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that the income and price elasticities changed smoothly
during this period, while the capacity utilization
elasticity changed from 3.40 to 2.59,

An interesting comparison can be made between the
results of Abreu (1987) and Weisskoff (1979), because
disaggregated estimates are available for two
substantially different periods of time. It should be
said that the estimated price and income elasticities are
not totally comparable, not only since the specifications
are slightly different, but also because Abreu (1987)

excludes crude o1l and wheat from the total and

intermediate goods equations.

Table II.4

Demand Elasticities - Abreu (1987) - 1960/85
Recursive Least Squares Estimation

price income
1960/79 -0.844 0.981
(0.096) (0.061)
1960/80 -0.852 0.974
(0.088) (0.052)
1960/81 -0.864 0.961
(0.082) (0.043)
1960/82 -0.864 0.961
(0.077) (0.037)
1960/83 -0.734 0.032
(0.097) (0.043)
1960/84 -0.701 1.058
(0.101) (0.048)
1960/85 -0.685 1.074
(0.106) (0.050)

Source:

Abreu (1987).
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Nevertheless, the differences in the elasticities
are quite considerable. In the total imports equation
Weisskoff’s income elasticity is more than twice Abreu’s
reported value. For the price elasticity this relation is
the other way around. The differences are particularily
substantial in the capital and intermediate goods case.
These changes may be associated with long run change 1in
the elasticities, due to the import substitution process

and alterations in exchange rate management . 25

Table II.5

Demand Elasticities - Weisskoff (1979) - 1953/1970

income time price
total 2.33 -0.13 -0.37
consumer 2.19 -0.13 -0.271
goods
metallic 2.75 -0.13 -0.42
intermediate
non metallic 2.01 -0.09 -0.41
intermediate
capital equip. 6.11 -0.34 -1.28
for agriculture
capital equip. 5.29 -0.29 -1.16

for industry

Source: Weisskoff (1973).
Note: 1) not significant at 5%.

25) This question will be addressed in more detail 1in
chapter 5.
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Finally, let us make some consideration on quarterly
estimates. Some work has been done recently on import
equations using quarterly data. The earlier lack of such
estimates was mainly due to the absence of GDP data on a
quarterly basis. Since such a GDP series became available
for the period 1975-85, Abreu (1987), Moraes (1986),
Fachada (1990) and zini (1988) have fitted import demand

equations using quarterly data.

Table II.6

Demand Elasticities - Fachada (1990) - 76.4/88.4

income capacity time price
utilization trend
Total 1.610 2.120 -0.013 -0.510
intermediate 1.161 2.884 - -0.873
goods
capital 0.701 0.855 -0.014 -0.599
goods

Source: Fachada (1990).

The quarterly data estimations are done in the same
unsatisfactory fashion as the annual estimations.
Although all the variables are in levels, no attempt is
made to test for unit roots. The question of residual
autocorrelation is dealt with by using the
Cochrane-Orcutt procedure. The question of dynamics is
also not properly treated. Although one should expect to
have some dynamics when dealing with quarterly data, most

of the estimations presented are static equations.
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Whenever some dynamics is introduced it is done via the
simpie partial adjustment model. As a result of al] this
model1ing problems the use of a time trend is quite
frequent.

The results and problems of Abreuy (1987) and Moraes
(1986) are similar to those we have just presented.
Therefore, given space limitations these papers will not
be discussed.

It should be noticed that Zini (1988) also presents
import demand estimations using quarterly data.
Nevertheless, since his disaggregation of imports is not
compatible with the one we intend to use in this thesis
we decided not to show or discuss his estimates. The
important thing to notice about 2Zini’s work 1is the
improvement in the modelling aspect. Instead of simply
correcting the residual autocorrelation he tries to
distinguish between model misspecification and residual
autocorrelation. He uses a testing procedure based on a
first order autocorrelation test and the RESET test
developed by Thursby (1981).

Some criticism of this test procedure by Knottnerus
(1985) and Godfrey (1987) have cast doubts on the
robustness of the diagnostic checks. Moreover, this
procedure does not deal with the question of non

stationarity.

2) Export Eguations
Unlike the empirical work on import demand

equations, econometric studies on Brazilian export
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equations have been quite unsystematic and, therefore,
comparisons between different works are more difficult.
Until recently, almost all the empirical work available
was based on reduced forms or, in a few cases, on supply
equations only.

Studies using a reduced form equation do not allow
us to retrieve the supply and demand elasticities. This
is because the complete model is normally not specified,
since the main objective 1in these Works has been
forecasting. On the other hand, supply elasticities that
are obtained from studies that use the small country
hypothesis can also be inadequate. If the price
elasticity of demand 1is not infinite, single equation
models that ignore the demand side will produce biased
and inconsistent estimates.

Braga and Markwald (1983) and Paula Pinto (1982)
using annual data have found some evidence to refute the
hypothesis of infinite price elasticity of demand for
manufactured goods. This result 1is somehow surprising
since the Brazilian share in the world exports is quite
small. For the period 1950/1985, the Brazilian share of
world exports was around 1.32%. It should be noticed
though that in the case of Braga and Markwald (1983) the
evidence against the small country hypothesis is not very
conclusive. As can be seen 1in table II.7 the price
elasticity of demand is quite high.

Table II.7 shows a selection of the resuilts
presented by Paula Pinto (1982) and Braga and Markwald

(1983). They both estimate simultaneous models for the
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periods 1957/75 and 1959/81, respectively. Although the
sample period is approximately the same, there seems to
be some instability in the elasticities. The difference
in the price elasticity of demand and the capacity
utilization elasticity are substantial, ranging from
-1.12 to -6.32, and from zero to -1.36, respectively. The
income elasticity also varies, but in a less dramatic

way.

Table II.7

DEMAND ELASTICITIES

income price
Paula Pinto (1982) 2.19 -1.12
Braga and Markwald (1983) 3.14 -6.32

SUPPLY ELASTICITIES

price capacity
utilization

Paula Pinto (1982) 1.69 to 3.14 -0.081
Braga and Markwald (1983) 2.20 -1.36
Source: Paula Pinto (1982) and Braga and Markwald
(1983).

Note: 1) not significant at 5%.

More recently some estimations using quarterly data
have become available. Both Fachada (1990) and Zini
(1988) estimate a simultaneous model for the Brazilian
exports of manufactured goods. As table II1.8 makes clear
the estimated elasticities are not similar. A possible

explanation for this discrepancy is parameter



instability. Zini (1988) uses data for the period
1970/1986 while Fachada’s estimation are performed using
data from 1976 to 1988. To reinforce this argument note
that 1in both cases a trend variable was used. The
potential output variable present in both works was

obtained by regressing the real output against the time

trend.
Table II.8
DEMAND ELASTICITIES
income price
Fachada (1990) 2.41 -1.93
Zini (1988) 4,92 -0.31
SUPPLY ELASTICITIES
price capacity potential
utilization output
Fachada (1990) 0.331 -2.33 2.91
Zini (1988) 0.261 -1.42 1.66

Source: Fachada (1990) and Zini (1988).

Note: 1) not significant at 5%.

The same kind of criticism made in the case of the
import demand can also be applied for export equations.
The question of dynamics does not receive adequate
treatment. Even 1in the <case of quarterly data an
instantaneous adjustment or, at most, a partial
adjustment model is used. Although the variables are used
in levels, no test for unit roots are done. The modelling

strategy consists in starting with a simple model and try
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to solve possible problems by generalising it. It is no
surprise that serial autocorrelation is a problem in
almost all the cases. As mentioned before, Zini (1990) is
the only one to devote more attention to the question of
modelling strategy. Nevertheless, he ends up using a non

robust method and does not address the non stationarity

problem.

IV) Conclusions

This chapter presents the main theoretical issues on
the trade equations and discusses the empirical work
applied to Brazil.

We have argued that parameter instability 1is a
fundamental issue in the Brazilian case. The parameters
should be expected to vary not only during the business
cycle, as a result of changes in expectations and in the
composition of output, but also in response to changes in
trade policy.

The analysis of the available empirical work seems
to offer some evidence 1in favour of the hypothesis of
parameter instability. These evidence 1in the case of
imports are derived from the comparison between the
results presented by Abreu (1987) and Weisskoff (1979),
the importance of the trend variables in the equations
and the sample variation experiments carried out by Abreu
(1987). In the exports equations case, there is also a
considerable discrepancy between the estimated

elasticities. Changes 1in the sample period 1lead to
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substantial changes in some of the parameters and trend
variables have been used.

Despite this there has been NO serious attempt to
deal with this problem. The only thing that was done in
this respect was to perform some structural stability
tests. Whenever such tests were performed they have
rejected the hypothesis of parameter stability.

The testing and estimation of models allowing for
parameter variation seems important not only because it
could improve the forecast performance, but could also
serve as an instrument to evaluate the impact of the
different trade policy changes and import substitution
programs.

Although the production theory approach offers a
integrated way of dealing with imports and exports that
has strong links with trade theory and a clear
microeconomic foundation, we will use in this thesis the
most popular imperfect substitutes model. As Kohli (1991)
has shown the results the use of different functional
forms has sometimes lead to conflicting results. This
approach offers no proper framework to deal with dynamics
and, moreover, the Brazilian data on price and quantity
of primary domestic factors are practically non existent.
A substantial amount of work will be needed to generate

data set of reasonable quality.
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CHAPTER III

Brazilian Trade Policies. 1947-1988

I) Introduction

The main objective of this chapter is to provide a
general presentation of Brazilian trade policy during
1947-88. As shown 1in the following sections there have
been frequent changes in the trade policy during this
period. These changes were in some cases quite
substantial and, therefore, can be characterized as
regime changes.

In terms of the main objective of this thesis, the
estimation of trade equations with time varying
parameters, this policy description is important because
it highlights the issue of parameter instability. In such
a changing environment, coefficients can be expected to
respond to the substantial changes that have occurred in
the policy regime. In this sense it gives the basis for
the explanation of the coefficient movements that are
estimated in chapters 5 and 6.

The description and analysis of Brazilian trade
policy that are available in the 1literature are only
partial. Most of the work focuses on either imports or

exports for limited periods of time.! Therefore, we seek

1) See, for example, 1in Von Doellinger et alii
(1974, 1977), Dib (1981), Balassa (1979), Savasini
(1978), Fachada (1990), Coes (1991), Ipea (1966) and

Tyler (1985).
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to integrate such material in the our discussion. For the
period 1947/1981 we mainly rely on the existing
literature, while the discussion of the post 1981 period
is based 1in original work.

This chapter has seven further sections. The next
six sections cover a sequence of sub periods of distinct
policy regimes. The last section as usual presents some

conclusions and remarks.

II) Erom Liberalization to Direct controls., 1946/53

By the end of the second worild war, the Brazilian
balance of payments position 1ooked quite comfortable.
During the war, as a result of successive trade
surpluses, especially after 1942, and reduced payments on
the external debt, the volume of reserves in gold and
hard currency had improved substantially. In addition,
the 1ikely post war boom in consumer demand was expected
to cause a large increase in the international coffee
price, which was responsible for approximately 70% of
total exports. As for the capital account, government
expectations were also optimistic. The political and
military support given to the United States during the
war was expected to pay off afterwards, in terms of a
substantial public capital inflow. An increase 1in the
inflow of private capital was also expected in response

to the more open external policy that was being proposed.?

2) For a more detailed description and' analygis of
Brazilijan external policy and economic conditions in this
period, see Malan et atlii (1980).
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In this scenario, the main focus of economic policy
was Lo try to reduce inflation, that had increased to
14.6% 1in 1946. To help 1in this aim, the government
decided to keep the nominal exchange rate constant at the
1939 level, and to liberalize exchange controls.3 As the
differential between internal and external inflation was
substantial during 1939/46, the real exchange rate in
1946 was considerably over valued compared with 1939. In
the government’s eyes the overvalued exchange rate would
help to combat inflation by increasing the domestic
supply of goods. On the other hand, a real devaluation
could increase pressure on inflation. This policy was
expected to have some adverse effect on the trade balance
but, given the considerations mentioned above, this was
not a central concern.

As the optimistic expectations about the balance of
payments did not come true, Brazil experienced severe
trade deficits. Although the international coffee price
had increased, the fall in non coffee exports kept total
exports approximately constant. The expected increase in
the capital 1inflow did not happen, leaving the trade
deficit to be financed by reductions in reserves.

The hard currency reserves ran out very rapidly,
forcing the government to change policy. After some
initial and unsuccessful legislation, the government
introduced the Law n. 262 of 23/02/48, creating the

obligation of having a licence to be able to import and

3) The exchange rate liberalization was done through the
Decree-Law n. 9.025 of 27/02/1946.
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export any product.4 As far as imports were concerned, the
government would discriminate in favour of essential
goods, trying to reduce total imports by reducing non
essential imports. The CEXIM (Import and Export Agency),
now CACEX, was put in charge of issuing the licences. The
imports were divided into three categories. The total]
amount of foreign exchange was allocated among these
categories. The first category of "most essential goods”
received 75%, the second 20% and the third 5%.

Some authors® argue that the licensing system was
also used to control non-coffee exports, keeping the
domestic market well supplied and thus helping to combat
inflation. However, there seems to be no strong evidence
to confirm this.

To help the non-coffee exports that were
seriously affected by the overvalued exchange rate the
"linked operations"” (operacoes vinculadas) were created.
Some exporters were allowed to sell exchange directly to
the importers. The transaction was made at the official
rate plus a negotiated premium. Therefore, it amounted to
a devaluation of the exchange rate for some selected
products.

The trade balance deterioration during 1951/52 1led
the government to tighten the policy. The Korean War
brought about concerns of shortage and a precautionary

increase in imports. The linked operations were ended and

the import control was made more rigid.

4) Actually, some goods were exempted from this

obligation.
5) See, for example, Leff (1967).
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This policy of direct control on 1imports and fixed
nominal exchange rate was kept 1in place until 1953.6
Although it allowed the government a strict control on
imports, this policy had some drawbacks. Its effects on
non-coffee exports were very damaging, reducing
substantially their competitiveness. On the other hand,
it was not agile enough to deal with short run problems
as the import boom of 1951/52 made clear.

In an attempt to address these guestions the
exchange rate policy was changed in 1953. Instead of
guantitative controls a new system of muitiple exchange
rates was created. By changing to price controls the
government was able to encourage non-traditional exports
and, at the same time, have a more efficient and flexible

mechanism to manage trade flows.

ITT) The Multiple Exchange Rate Regime, 1953/57

The change to multiple exchange rates started in
January 1953.7 On the imports side a new "free" exchange
rate was created alongside the official rate. The "free"
exchange rate was also controlled by the government but
its value was higher than the official rate that still
was fixed at the same nominal level. The official rate
was used for buying essential imports and for government
financial transactions while the "free" rate was used for
the other imports. On the exports side a premium was

added to the official rate. Initially, coffee exporters

6) For more details on the trade policy during this
period see Von Doellinger at alii (1977).
7) Law n. 1807 of 7/1/53.



received an extra cr$ 5.00 per dollar on top of the
official rate while the others received cr$ 10.00. These
amounts were changed over time.

In October 1953, SsuMOC’s Instruction 70 widened the
changed in the exchange rate system in Brazil.® It created
a system with five different exchange rates for imports
and four for exports. Actually, between 1953/54, there
were still only two rates for exports. It was only in
1955 that the government extended the number of export
exchange rates to four. The export products were
classified according to their competitiveness in world
markets. Coffee was in group I, other agricultural and
mineral products such as cotton, tobacco, quartz, cocoa
and 1iron ore were 1in groups II and III, while other
products, 1including manufactures, were in group IV. The
import products were also classified in different groups,
according to their necessity, from group I to V.9

The goVernment had the monopoly in buying foreign
currency from exporters, paying different prices in
different groups. The foreign currency was then sold in
auction among importers of each one of the groups. It
controlled the different exchange rates by controlling

the supply of currency in each auction.

8) The SUMOC was an embryo of the central bank created in
1945, It only became an actual central bank in 1964. o

9) There were actually other three rates. The official
rate, still fixed in nominal terms, was basically used by
the government, the "free” rate that was used for
financial transactions and the cost rate (custo de
cambio), equal to the official rate plus 'the average
premium paid to exports, used for some specific products.
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Table III.

Exchange Rates Cr$/UsSs

19531

1954 1955 1956 19573
Imports
group I 31.77 39.55 80.70 83.05 60.76
group II 38.18 43.63 105.23 111.10 81.56
group III 44 .21 57.72 176.00 149,99 106.34
group 1V 52.19 56.70 223.16 219.58 151.93
group V 78.90 108.74 303.54 309.28 316.39
Exports
coffee 23.36 26,252 -— - -
non-coffee 28.36 31.292 - - -
group I - -— 31.50 37.06 38.16
group II -- -- 37.91 40.10 43.06
group III -— -- 43.18 49,88 55.00
group 1V - - 50.98 59.12 67.00
Source: Simonsen (1961).
Notes: 1) October / December.

2) average rate.
3) January / August.

A major part of the currency available was allocated

to groups I to III, keeping the exchange rate in the

lower groups overvalued in relation to the higher groups.

In this way, the government was able to control the

volume of 1imports and encourage exports, accordingly to

the needs of the trade balance. Moreover, the multiple

exchange rates scheme worked as an instrument of

industrial policy. The scheme was in fact a system of

variable tariffs and subsidies, allowing the government

to maintain its goals in terms of import substitution and

to promote exports at the same time.

As far as the trade balance 1is concerned the

multiple exchange rates seem to have had the intended
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impact. Exports of non-traditional goods increased,
especially after 1954. Total exports stayed relatively
constant during this period because of the poor
performance of the coffee exports caused by a fall in
demand.

On the fiscal side Instruction 70 had also a
positive impact. It became a source of extra revenue for
the government. Although there were large variations in
the balance for the period as a whole, the premijum paid
for the importers was greater than the one received by
the exporters.

Another important measure was SUMOC’s Instruction
113 of January 1955. It allowed the import by foreign
firms 1in Brazil of capital goods for approved projects
with external financing without exchange coverage. This
scheme was intended to 1increase direct investment and
reduce the pressure on the auctions. An increasing part
of the capital goods imports was made through this
scheme.

This scheme was not without its drawbacks. Although
it allowed a long overdue progressive devaluation it was
administratively complicated since the auctions had to be

conducted simultaneously in different cities.

IV) Tariff Reform and Exchange Rate Unification, 1957/64

As noted above, the multiple exchange rate scheme
started in 1953 had the same effect as a variable tariff.
Before 1957, tariffs were not very effective in granting

protection to domestic industry, since they were usually
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specific tariffs. After some months, the high inflation
would reduce substantially the effective protection.

To overcome this probiem as well as the
administrative drawback of the multiple exchange rates, a
new tariff law was passed in August 1957. It created a
new ad valorem tariff system with rates between 0% and
150%. The products were classified in the same fashion as
before. The capital and intermediate goods paid lower
duties, normally from 0% to 50%, while consumer goods
were charged higher duties, between 50% and 150%. 10

The idea was to separate exchange rate and
industrial policy management. The selective protection of
domestic industry would be done by the tariff structure,
while the exchange rate would be Just an indicator of the
shortage of hard currency.

The exchange rate system was also simplified. On the
imports side, the number of exchange rates was reduced to
two, general and special. The products considered to be
essentials were imported using the 1lower general rate
while consumer goods and others with a domestic
substitute used the higher special rate. On the export
side, the reduction in the number of exchange rates was
done gradually, but by 1959 there were only two rates.
Other rates such as the "free” rate and the cost rate
were not abolished.''! In fact, many of the export products

were gradually transferred to the higher "free" rate.

10) A new agency, the Customs Policy Council (CPA), was
Created to set and revise the tariffs. ’ '

11) Products like wheat and crude o0il were still imported
using the cost rate.
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A  substantial change in exchange rate policy
happened in 1961. The multiple exchange rate system was
ended and a more aggressive approach in terms of exchange
rate management was adopted. A1] exports, 1including
coffee, were unified under the "free" rate. A similar
movement happened 1in imports. Apart from a very few
products all imports started using the “free" rate. The
import of crude oil and wheat was still done using the
cost rate. As a result of a more realistic exchange rate

management this rate was devalued by 100%.

Table III.2

Exchange Rates Cr$/USs

General Special
195671 80.29 179.67
19568 149,35 300.36
1959 201.75 365.88
1960 222.79 527.37
19612 208.86 638.76

Source: Ipea (1966).
Notes: 1) September / December.
2) January / March.

Although there was a clear movement towards a single
exchange rate, unification was not complete. The creation
of a compulsory deposit implied some exchange rate
differentials. Importers were expected to deposit in
local currency the equivalent of 100% of the imports’

value for a period of 150 days. As the rate of interest

of 6% per year paid on the deposit certificates was below

(01}
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the market value the compulsory deposit represented an
extra cost of buying foreign currency. Moreover, as some
products were exempt from the compulsory deposit there
was an actual difference in the implieg exchange rates. 12

Apart from these changes in economic policy it was
also during this period that an ambitious import
substitution plan, the Plano de Metas, was carried out.
Most of the import substitution process had taken place
in the consumer goods industry. The objective of the
Plano de Metas was to extend this process to the
intermediate and capital goods industry.

As it would be impossible for Brazil to finance a
large-scale 1import substitution program using only its
Own resources, a substantial increase in the foreign
capital inflow became essential. This was especially
important since exports were falling because of the fall
in coffee prices. In 1957 the inflow of direct investment
was 60% greater than 1in the previous year. Moreover,
after this increase the level of direct foreign
investment stayed high until the end of the plan in
1961.

Several criticisms can be made of the way the Plano
de Metas was implemented, mainly 1in terms of increasing
inflation and foreign debt. Nevertheless, it seems to be
widely acceptable that it had a important impact in

changing the Brazilian industrial structure.

12) Crude o0il, wheat, goods imported from countries
Within the Latin America Free Trade Alliance (ALALC),
government imports and goods that were going to be used
as inputs in the exports production were exempt from the
compulsory deposit.
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V) Ihe "Crawling Peg” System and Incentives to Exports.

1964/74

The main characteristic of this period is the
gradual change from import substitution to export
promotion as the central objective of trade policy.
Throughout this period the government adopted several
measures towards liberalizing imports and boosting
exports.

The final unification of the exchange rate occurred
in 1964 with the end of the compulsory deposits. A more
important change in exchange rate policy happened in 1968
with the introduction of the crawling peg system. Between
1957 and 1968, the government used to correct the nominal
exchange rate by the domestic price index only after a
long delay. This procedure had the inconvenience of
creating substantial variations in the real exchange rate
since the overvaluation of the national currency was then
corrected all at once.

In 1968, the government created a crawling peg
system in which small devaluations of the nominal
exchange rate occurred at short intervals, keeping the
real exchange rate approximately constant. The real
exchange rate was not actually kept constant, having
changed according to market <conditions and policy
objectives. The important feature of this system was to
achieve a much smoother path for the real exchange rate
and to end the chronic overvaluation problem that had

been damaging to export growth.
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In this period, al) the remaining controls on
imports were 1ifted. The tariffs that had been increasing
since 1957 were reduced after 1967. The average tariff
for manufactured goods fell from 99% in 1966 to 57% in
1973'3, while for the total imports it came down from
16.5% to 10.7% over the same period. It was still
compulsory to obtain a Tlicence to import, but the
lTicences were awarded without any special selective
criteria. As a result of this more open policy and the
continuous economic growth after 1967, 1imports grew
steadily. During the period 1965/1973 the total 1imports
grew from 0.941 to 6.199 billions of dollars, which
represents an increase of 559%.

It was also during this period that the government
started to give a wide range of fiscal and financial
incentives to exports. Brazilian exports had been
stagnating for a 1long period, between 1950 and 1963
increasing only by 3.5%. Such stagnation was seen as the
result of the import substitution policies that had
discriminated against exports.

At first, between 1964/68, the government removed
all obstacles to the ijncrease of exports. Although the
rebating of indirect tax is common practice in foreign
trade, such rebates were not given in Brazil. Exports had

to pay the tow existing indirect taxes, the IPI and ICM.'4

13) See Braga and Tyler (1992). A

14) Both IPI and ICM are value added taxes but the IPI is
a federal tax while the ICM 1is a statel tax. Other
exemptions were also granted for some specif1q taxgs such
as the tax on minerals (imposto unico sobre m1nera1s), on
electricity (imposto unico sobre energia eletrica), and



In 1964 exports were exempt from IPI and in 1968 this
exemption was extended to the ICM as well.'5 The “drawback
system” was Created, allowing inputs to be used in export
production to be imported free of import tax.16

Several other measures, mainly taken after 1968,
were 1intended to create export subsidies. Firstly, the
government granted full exemption of income tax on export
profits.’” It also granted financial subsidies via loans
for working capital with interest rates lower than the
market rates.'® Finally, a special scheme called IPI
Credit was created to give exporters rebates on other
taxes according to the exemption received. The exporter
was not only exempt from paying indirect taxes but also
received a credit related to the tax exemption that could
be used to pay for other taxes.!9

These were just the main subsidies. Several other
less important or comprehensive measures were also taken.
For firms with a long-term export commitment the BEFIEX

program was created.2?0 This program allowed the import of

on 01l products (imposto unico sobre combustiveis e
lubrificantes).

15) Decree-Law n. 61514 of October 1967 and Decree-Law
n. 406 of December of 1968, respectively.

16) Law n. 53967 of June 1964. The imports done through
the "drawback system” were exempt not only from the
import tax itself but also from IPI, ICM and other
imported related taxes.

17) Law n. 4663 of October 1966.

18) Central Bank Resolution n. 71 of November 1967.
Although the rules governing this loans changed over time
the interest rates were normally negative since inflation
was not taken into account.

19) Decree-Law n. 491 of March of 1969 for the IPI and
Convenio CONFAZ AE01/70 of January 1970 for the ICM. The
IPI and ICM exemptions could be credit up to a limit of
15%.

20) The BEFIEX was created by the Decree-Law n. 1219 of

May 1972.



machinery and inputs to increase the domestic production
without paying import tax or IPI. The difference between
the BEFIEX and the "drawback system” was that in the
former the exemption of duties was granted even for
goods that would not be used in  export production.
Moreover, the imports done through the BEFIEX were not
subjected to the Similarity Law. A special fund, the
FINEX, to finance exports of capital and consumer goods
was created. Incentives were given to the creation of
trading companies and special sectoral] programs were also
used to give incentives to exports. 2t

It should be noticed that the conceding of subsidies
was not general. They were mainly targeted to
manufactured goods. However, the definition of
manufactured products given by the government was rather
loose, including some minerals, processed foods, such as
sugar and meat, and some agricultural products, such as
soybean.

In short, this period represents a substantial
change from an import substitution policy that
discriminated against exports to a policy of more
realistic exchange rate management, reduction of import
controls and creation of export subsidies. The figures in
table III.3 give a good idea of the importance of the
export subsidies. They grew from 5% of the exports of

manufactured goods in 1966 to 54.1% in 1974.

21) A detailed analysis of the export financing system in
Brazil can be found in Baumann and Braga (1986).
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Table III.3
Exports Incentives (%) Tariff! (%)
1966 5.0 16.5
1967 21.3 11.0
1968 26.2 14.5
1969 34.0 14.3
1870 43.8 11.8
1971 47.5 10.8
1972 48.5 10.8
1973 50.5 10.7
1974 54,1 9.5

Source: Musalem (1981) and Comercio Exterior do
Brasil, several issues.

Note: 1) Calculated as the ratio between total

imports and the import tax.

Brazilian exports grew from 1.6 to 8.0 billions of
dollars between 1966 and 1974. Even considering the
growth in world trade and in the export prices that
happened dufing this period the growth in the Brazilian
exports is quite remarkable. The imports show a similar
pattern growing 375% between 1966 and 1973. Despite the
steady growth 1in exports, the 1import 1liberalization
process, mainly after 1967, contributed to growing
deficits in the balance of payments current account. Such
deficits could only be sustained thanks to huge capital

inflows. Long term 1loans increased from 0.51 billion

dollars in 1966 to 6.89 billions in 1974.
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VI) The Oil and Debt Crises, 1974/83

After a period of more Tiberal import policies and
an emphasis on export promotion, the oil crisis in 1974
marked a return to the inward Tooking policies. The
subsequent increase in oi1 prices and interest rates in
1979 and the debt crisis in 1983 also ensured that import
restrictions remained high on the agenda. Therefore, the
main characteristics of this period are the
reintroduction of import-restrictive policies and a more
aggressive exchange rate policy, especially 1in 1983,
while the system of export incentives was not altered in
any major way.

Given the fall in international demand associated
with the oil crisis, the best hope of reducing the trade
deficit seemed to be import reduction. In the second half
of 1974 the government introduced the first restrictive
measures. Tariffs on 900 non-essential products were
increased by 100%.22 The issuing of 1import licences for
goods subject to tariffs of greater than 55% was
conditional on cash payment for the foreign exchange.?23
The state owned enterprises were forbidden from importing
consumer goods.?24

In 1975 it ©became clear that the restrictive
measures that had been adopted were not enough to close
the trade gap. Therefore, new restrictive measures were

introduced. In the beginning of 1975 the obligation of

22) Decree-Law n. 1334 of June 1974. Later 1in the year
another 1000 products also had their tariff increased 1n
100% by the Decree-Law n. 1364 of November 1974.

23) Central Bank Resolution n. 289 of June 1974.

24) Decree n. 74908 of November 1974.
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cash payment to buy foreign exchange was extended to
products with a tariff rate greater than 37%.25 A
compulsory deposit was created for goods paying tariffs
of more than 37%. Importers had to deposit the equivalent
of 100% of the imports’ value in national currency in the
Central Bank. These deposits were held for 180 days and
were not entitled to receive any interest or compensation
for inflation.26 Another 680 products were also subject to
the payment of the compulsory deposit despite their
tariff.2” This measure represented in practice the return
to a multiple exchange rate system for imports.

By the end of 1975 the government decided to tighten
the restrictions even more . Tariffs on approximately
2000 products including some intermediate goods were
increased.?® The issuing of licences for goods considered
superfluous was suspended. New 1limits were imposed on
government imports including the prohibition of imported
goods when a similar domestic product was available.

As part of the return to the inward looking policies
the government started a new import substitution plan,
namely the Second National Development Plan (II PND). The
idea was to promote import substitution mainly in the

capital goods sector. This Plan was seen as part of a

25) Central Bank Resolution n. 319 of February 1975.

26) Central Bank Resolution n. 331 of July 1975. The
period was later extended to 360 Days by the Decree-Law
N. 1427 of December 1975.

27) As it happened 1in 1961 some products were exempt of
paying the compulsory deposit. Imports of ctudg o11l,
wheat, coal, goods 1imported from countries w1th1n_ the
Latin America Free Trade Alliance (ALALC) or associated
with the BEFIEX or Drawback systems were exempt.

28) Decree-Law n. 1427 of December 1975.
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long term adjustment process as opposed to the short term
adjustment represented by 1import restrictions. Although
it would lead to more imports and the need for foreign
capital the II PND was seen as fundamental to allow long
term growth. Castro and Souza (1985) argue that this goal
was actually achieved. According to them the II PND led
to import substitutions that were important in explaining
the period of growth with relatively stable imports from
1983 onwards.

The 1import restriction policies seem to have had a
substantial impact. Despite the continuous economic
growth during this period the level of imports was kept
relatively constant. Between 1974 and 1978 average GDP
growth was 6.7% while the level of imports was relatively
stable around 12.2 billion dollars. In 1978 it rises to
13.7 Dbillions because of a sharp increase 1in import
prices. Actually, the success in containing 1imports is
even greater if we take into account the fact that import
prices were increasing. The gquantum of 1imports excluding
011 and wheat was reduced by 24.2% during this period.

Total exports also increased from 8.0 to 12.7
billion dollars between 1974 and 1978. In this case
though the main contributor to this good performance was
the increase in export prices. Nevertheless, the quantum
of exports managed to growth on average 5.3% per year
despite the adverse international background.

In 1977/78 the balance of payments seemed under
control. In 1977, for the first time since the oil

crisis, a trade surplus was achieved. Although 1in 1978
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there was again a trade deficit it was not very large. On
the other hand the capital account had also improved with
an increase in direct investment and long term loans. The
government actually started relaxing some of the import
controls. In particular, several products became
gradually exempt from the compulisory deposit.

Unfortunately the events of 1979 would 1lead the
government back to the import restrictive policies,
although now with greater reliance on the exchange rate.
The second 1large increase 1in the oil price again put
pressure on the government. 1In Just one year imports
increased from 13.7 to 15.2 billion dollars. On the other
hand, the jump 1in 1interest rates also had a negative
impact on the Brazilian balance of payments. The USA
economic policy combining fiscal expansion and monetary
austerity caused an substantial increase in the worlds’
interest rates. Since Brazil had accumulated a large
foreign debt after 1974 it meant a large increase 1in
interest payments. In 1978 the foreign debt was 2.5 times
greater than it was 1in 1974. Therefore between 1978 and
1979 interest payment on the external debt almost
doubled, going from 2.7 to 4.2 billion dollars.

In the beginning of 1979 the government decided to
attempt a gradual adjustment policy based on exchange
rate management. The compulsory deposit and IPI credit
were to be gradually removed but on the other hand the

real exchange rafe was to be devalued by 6% in 1979 and

(0]
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at least 1.1% each quarter thereafter until 1983, 2¢ By the
end of the year, as this gradual approach failed to
deliver, a more aggressive Police was adopted. 1In
December 13979 the government ended the compulsory deposit
and IPI credit at once and devalued the exchange rate by
30%. This represented a major change 1in relation to the
crawling peg system, but according to the government it
was necessary to correct the balance of payments problem.

The inflationary consequences of the "max i
devaluation” were expected to be very 1large. Moreover,
there were expectations that another “maxi devaluation"”
would follow soon. Therefore, frightened that inflation
would get completely out of control during 1980 the
government changed course once again and abandoned the
policy of aggressive exchange rate devatluation. Trying to
contain inflationary expectations the government then
commit itself to increase the nominal exchange rate by
only 40% during 1980. By the end of the year although the
increase in the nominal exchange rate reached 54% the
inflation rate of 100% meant a substantial overvaluation
of the real exchange rate.

This overvaluation of the real exchange rate would
last until 1982 when the “mini devaluations” were
accelerated. During this time the government had to rely
on other aspects of trade policy. In December 1979 some

import 1imits were imposed on state owned enterprises.30

29) The end of the IPI credit was also a demand from the
GATT that considered it an instrument of unfair
competition. o

30) Decree 82268 of December 1979. Some specific
companies such as Petrobras, Siderbras and Eletrobras



In the second quarter of 1980 a tax on financial
operations (IOF) was introduced. When buying foreign
exchange for imports IOF of 15% was due.3' On the export
side the main change was the reintroduction of the IPI
credit in April 1981. Some other adjustments were also
made 1in export incentives. The resources available for
export financing were increased and a fixed interest rate
lower than the rate of inflation for financing working
capital for exporters was introduced. 32

Together with these measures the stabilization
program started in the second quarter of 1980 was also
expected to have positive effects on the trade balance.
The basic idea was to reduce domestic absorption in order
to reduce imports and at the same time increase exports
via the reduction in the level of capacity utilization.
In 1981/82 Brazil experienced 1its worse recession since
records began in 1947.

Brazil managed to restore the trade surplus 1in
1981/82 thanks to increased exports in 1981 and reduced
imports in 1982. The quantum of imports did not change 1in
1980 but was in a constant and deep decline thereafter.
Between 1981/83 the quantum of 1imports excluding crude

0i1 and wheat was reduced on average by 18.7% per year.

were excluded because of the importance of their
investment programs. .

31) Central Bank Resolution n. 610 of April 1980. The
rate was later 1in the year 1increased to 25% by the
Central Bank Resolution n. 672 of December 1980.

32) In 1979 the government started charging ‘a_ fixed
interest rate plus a compensation for the inflation
("monetary Correction). In 1981 the 1ntere§t rate on
these loans was fixed at 40% while the inflation in this

year was 95.2%.
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Because of the high interest rates the interest
payments during this period were qQuite substantiatl.
Between 1979 and 1982 Brazil paid 31.0 billion dollars in
interest. Since the resources necessary to cover this
payment could not come from the trade balance new loans
were contracted to pay for the old ones. Such a situation
is obviously unsustainable in the long run as the debt
crisis at the end of 1982 proved.

After the Mexican -interruption of debt payments it
became virtually 1impossible for Brazil to obtain new
loans. The IMF then stepped in and a new stabilization
program was agreed. The basic feature of the agreement
was that the IMF and the private banks would keep a
minimum inflow of loans while Brazil would undertake an
adjustment program to be able to generate future trade
surpluses. No reduction on the debt stock or interest
rates was contemplated in the agreement. Brazil, as well
as other developing countries, was to bear all the costs
of avoiding the collapse of the international financial
market.

As for the trade balance, the main features of the
stabilization program were the reduction of demand and an
aggressive exchange rate policy. In February 1983 the
exchange rate was devalued by 30%. To guarantee that
this "maxi devaluation” would mean a real devaluation the

‘mini devaluations" were accelerated to account for the

inevitable increase in inflation. Contrary to what
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happened in 1980 inflation control was not the main aim
any more,33

Although the inflation rate more than doubled from
99.7%¥ to 211.0% and GDP fel] by 3.4% the stabilization
program has to be considered quite successful. The main
aim of obtaining a trade surplus was accomplished. In
1983 Brazil had a 6.5 billions trade surplus. This
surplus was mainly achieved by import reduction. The
total imports were reduced by 20.4% while exports

increased only slightly.

VII) The Relaxation of Controls. 1984/88

The Brazilian balance of trade position that had
shown a substantial improvement in 1983 was even more
comfortable in the next two years. Helped by the increase
in world demand exports during 1984/85 were around 26.3
billion dollars.

The exchange rate policy also deserves some credit
for the good export performance. The government
implemented an exchange rate policy aimed at maintaining
the level of the real exchange rate. The "mini
devaluations” were such that the real devaluation that
had happened in 1983 was not lost. A change 1in the
exchange rate rules in the beginning of 1985 actually led
to a further, though temporary, real devaluation. From
March 1985 the nominal exchange rate was corrected by the

average inflation 1in the last three months. As the rate

33) For a description of the this stabilization plan and
Comparisons with the previous one see Carneiro (1986).



of inflation came down during the following months this
rule resulted in a further real devaluation. 34

Imports were reduced even further, from 15.4 to
around 13.5 billion dollars between 1983 and 1984/85.
This reduction was mainly due to the fall in oil prices.
Crude oil imports fell from 7.6 to 5.4 billion dollars
between 1983 and 1985,

The good performance of the trade balance allowed
government to adopt a more 1liberai approach towards the
trade policy. Several imported goods were, for a
temporary period, exempted from IOF. On the export side
the measures were focused on reducing the pressure on the
public sector deficit. The 1interest rate conditions for
working capital financing were changed, reducing the
difference to the market interest rate. From August 1984
onwards the financial operations were done by private
banks at a rate 10% lower than the normal market rate.
The difference between the two rates was covered by the
government.3% Finally, the IPI credit was ended in April
1985,

The 1increase 1in inflation 1in the first months of
1986 and the relatively comfortable balance of payments
position put domestic macroeconomic policy back at the
top of the agenda. On February 28th 1986 the government
froze all prices, including the exchange rate and wages,
and ended the widespread formal indexation system. During

the next few months the real exchange rate was stable

34) This new rule was introduced by the Central Bank

Resolution n. 1001 of March 1985.
35) Central Bank Resolution n. 950 of August of 1984,
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since the new stabilization plan was succeeding in

controlling prices. After June, though, the 1increase 1in
domestic prices led to a progressive deterioration in the
real exchange rate.

Exports fell substantially, from 25.6 to 22.3
billion dollars between 1985 and 1986. Export prices
actually increased but the fall in the quantum was much
greater. Other factors contributed to the reduction in
exports, such as the large reduction in spare capacity
and the large increase in wages. On the other hand, there
was a growing expectation that the government would have
to make another “maxi devaluation" to correct the
exchange rate. The dollar premium in the black market
rose to 100% of the official rate. The expectations of a
new “"maxi devaluation" led to exports been delayed and
imports anticipated. Trying to break such expectations
the government reinstated the crawling peg policy in
October and allowed exporters and importers to hold
deposits in dollars in the Central Bank.3 It was too late
though to prevent the fall in exports.37

The trade balance deterioration would have been
worse had not the huge increase in non-oil imports been
partially offset by the drop 1in crude oil 1imports.
Non-oil 1imports increased from 7.7 to 11.2 billion
dollars between 1985 and 1986. The success in increasing

the domestic o0il1 production and the lower international

36) Central Bank Resolutions n. 1208 and 1209 of October
1986. This deposits in dollars were later extinct by the
Central Bank Resolution n. 1492 of June 1988. _
37) For a analysis of the stabilization plan see Modiano
(1987) and Franco (1986).
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prices for this product meant a reduction in oi] imports
from 5.5 to 2.8 billions between 1985 ang 1986. This
increase in imports should be explained not only by the
increase in GDP and wages but also by the government
policy of keeping the domestic market wel] supplied.
After some months of price controls several goods were in
short supply and a large black market for such goods was
developing.

As a result the trade surplus was reduced from 12.5
to 8.3 billion dollars. The overall balance of payments
deficit also got worse leading to a fast reduction in
reserves. This process ultimately led to the suspension
of debt payments in February 1987.

In the beginning of 1987 the focus of the economic
policy changed again to the balance of payments. The
daily "mini devaluations” were accelerated and in two
days in May and June a more significant devaluation, of
8.5% and 9.5% respectively, was undertaken. Because of
the 1increasing inflation this more aggressive exchange
rate policy failed to restore the real exchange rate to
its previous level.

The trade balance position nevertheless was improved
significantly as a result of the increase in exports. The
reduction in capacity utilization caused by the GDP slow
down and the increase 1in 1international demand are the
main factors explaining the increase in exports. In 1987
exports went back to the level of 1984/85 and in 1988 1t

reached the all time record of 33.8 billions of dollars.
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VIII) Conclusions

We have shown in this chapter that Brazilian trade
policy between 1947 and 1988 experienced several regime
changes. During this time we have had multiple and single
exchange rates systems, the introduction of the crawling
peg rule and its temporary break by the “max i
devaluations”. The partial end of the import substitution
policies in 1964 Jed to the creation of a new structure
of export incentives. Imports, on the other hand, have
been subject to all kinds of controls. The main changes
as far as imports are concerned were the introduction of
the ad valorem tariffs in 1957, the compulsory deposits
and the quantitative controls.

Such changes 1in economic policy can be expected to
have some 1impact on the stability of the trade equation
coefficients. As suggested by Lucas (1976) changes in the
policy regime will probably have some impact on the
stability of economic relations.

On the other hand two major import substitution
plans were carried out in 1957/60 and 1974/78. Although
several criticisms can be made of the conduct and
timeliness of these plans, it is generally accepted that
they had an 1important impact on Brazilian industrial
structure. These plans were responsible for the
development of new industries, especially in the capital
and intermediate goods sector.

These large changes in the industrial structure of
the economy may have affected the trade pattern and,

therefore, had an impact on the stability of the trade
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elasticities. Moreover, as discussed in chapter 2 section

4.5, there remains Orcutt’s “quantum effect"” and the

aggregation question that may also lead to some parameter

instability.
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APPENDIX III,1

Main Economic Indicators

IlIIlIllIIIIlIlIllIlllIIIIIlIlI.IIIIII-.II-IIIIIIII.IIII-.

Balance of Payments and External Debt (USs$ billions)

Years 1947 1948 1949 1950 1951
Trade Balance 0.130 0.278 0.153 0.425 0.068
Exports 1.157 1.183 1.100 1.359 1.771
Imports 1.027 0.905 0.947 0.934 1.703
Services -0.257 -0.273 -0.232 -0.283 ~-0.469
Interest -0.013 -0.025 -0.021 =-0.027 -0.020
Current Account -0.151 -0.002 -0.820 0.140 -0.403
Capital Account 0.012 -0.051 -0.074 ~-0.065 =-0.011

Direct Investment 0.036 0.025 0.005 0.003 -0.004
Long Term Loans 0.032 0.009 0.040 0.028 0.038

Short Term Capital - - - - -

Amortizations -0.048 -0.061 -0.107 -0.085 =-0.027
Others -0.008 -0.024 -0.012 -0.011 -0.018
Total -0.182 -0.024 -0.074 0.052 0.291
Foreign Debt 0.625 0.597 0.601 0.559 0.571
Debt/exports 0.540 0.506 0.546 0.411 0.322

Inflation and Growth Indicators

Years 1947 1948 1949 1950 1951
Inflation 2.73 7.97 12.28 12.41 12.35
GDP Growth © 4.33 9.70 7.70 6.80 4.90

Industry 4.61 12.30 11.00 12.70 5.30
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Main Economic Indicators

..-....-.....l..-lIIIlIlIIIIIllllllIIIIIIIIIIIIIIIIIIIIIIIIIIII

Balance of Payments and External Debt (US$ billions)

—
—

Years 19562 1953 1954 1955 1956
Trade Balance -0.286 0.424 0.148 0.320 0.437
Exports 1.416 1.540 1.558 1.419 1.483
Imports 1.702 1.116 1.410 1.099 1.046
Services -0.336 -0.355 -0.338 -0.308 -0.369
Interest -0.022 -0.034 -0.048 -0.035 -0.067
Current Account -0.624 0.055 -0.195 0.002 0.057
Capital Account 0.035 0.059 =-0.018 0.003 0.151
Direct Investment 0.009 0.022 0.011 0.043 0.089
Long Term Loans 0.035 0.044 0.109 0.084 0.231

Short Term Capital -- -— - - —-

Amortizations -0.033 -0.046 -0.134 -0.140 -0.187
Others 0.024 0.039 -0.004 0.016 0.018
Total -0.615 0.016 -0.203 0.017 0.194
Foreign Debt 0.638 1.159 1.317 1.445 2.694
Debt/exports 0.450 0.753 0.845 1.018 1.817

Inflation and Growth Indicators

Years 1952 19563 1954 1955 1956
Inflation 12.70 20.55 25.84 12.15 24 .54
GDP Growth 7.30 4.70 7.80 8.80 2.90

Industry 5.60 9.30 9.30 11.10 5.50
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Main Economic Indicators

\

Balance of Payments and External Debt (US$ billions)

Years 1957 1958 1959 1960 1961
Trade Balance 0.107 0.065 0.072 -0.023 0.113
Exports 1.392 1.244 1.282 1.270 1.404
Imports 1.285 1.179 1.210 1.293 1.292
Services -0.358 -0.309 -0.373 =-0.459 -0.350
Interest -0.067 -0.058 -0.091 -0.115 -0.114
Current Account -0.264 -0.248 -0.311 -0.478 =-0.227
Capital Account 0.255 0.184 0.182 0.058 0.288

Direct Investment 0.143 0.110 0.124 0.099 0.108
Long Term Loans 0.319 0.373 0.439 0.348 0.579

Short Term Capital -- -- - - -

Amortizations -0.242 -0.324 -0.377 -0.417 -0.327
Others 0.035 0.025 -0.004 0.028 -0.072
Total -0.180 -0.253 -0.154 -0.410 0.115
Foreign Debt 2.658 3.069 3.392 3.907 3.773
Debt/exports 1.909 2.467 2.646 3.076 2.687

Inflation and Growth Indicators

Years 19567 1958 1959 1960 1961
Inflation 6.96 24 .40 39.42 30.46 47.7°9
GDP Growth 7.70 10.80 9.80 9.40 8.60

Industry 5.40 16.80 12.90 10.60 11,10




Main Economic Indicators

lIIIIIIlllIllIIIlIlIIIIlllIlIlIlIIlIIlIIIIIIIIIIIIIIIIIIIIIIII

Balance of Payments and External Debt (UsSs billions)

—
—

Years 1962 1963 1964 1965 1966
Trade Balance -0.089 0.112 0.344 0.655 0.438
Exports 1.215 1.406 1.430 1.596 1.741
Imports 1.304 1.294 1.086 0.941 1.303
Services -0.339 -0.269 -0.259 -0.362 -0.463
Interest -0.118 -0.087 -0.131 -0.156 -0.155
Current Account -0.389 -0.114 0.140 0.368 0.054
Capital Account 0.181 -0.054 0.082 -0.006 0.124

Direct Investment 0.069 0.030 0.028 0.070 0.074
Long Term Loans 0.325 0.250 0.221 0.363 0.508

Short Term Capital - -- -~ - -

Amortizations -0.310 -0.364 -0.277 -0.304 -0.350
Others 0.097 0.030 0.110 -0.135 -0.108
Total -0.346 -0.244 0.004 0.331 0.153
Foreign Debt 4.025 3.986 3.874 4,758 5.196
Debt/exports 3.312 2.835 2.709 2.981 2.984

Inflation and Growth Indicators

Years 1962 1963 1964 1965 1966
Inflation 51.65 79.87 92. 11 34.25 39.12
GDP Growth 6.60 0.60 3.40 2.40 6.70

Industry 8.10 -0.20 5.00 -4.70 11.70
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Main Economic Indicators

\

Balance of Payments and External Debt (US$ billions)

Years 1967 1968 1969 1970 1971
Trade Balance 0.213 0.026 0.318 0.232 -0.341
Exports 1.654 1.881 2.311 2.739 2.904
Imports 1.441 1.855 1.993 2.507 3.245
Services -0.527 -0.556 -0.630 -0.815 -0.980
Interest -0.184 -0.144 -0.182 -0.234 -0.30?
Current Account -0.237 -0.508 -0.281 =-0.562 -1.307
Capital Account 0.027 0.541 0.871 1.015 1.846

Direct Investment 0.076 0.061 0.177 0.132 0.168

Long Term Loans 0.530 0.583 1.023 1.433 2.037
Short Term Capital -= 0.000 0.178 0.077 0.486
Amortizations -0.444 -0.484 -0.493 -0.672 -0.850
Others -0.135 0.381 -0.014 0.045 0.005
Total ~0.245 0.032 0.549 0.545 0.530
Foreign Debt 3.281 3.780 4.403 5.295 6.622
Debt/exports 1.984 2.285 1.905 1.933 2.280

Inflation and Growth Indicators

Years 1967 1968 1969 1970 1971
Inflation 25.00 25.45 19.33 19.26 19.49
GDP Growth 4.20 9.80 9.50 10.40 11.30

Industry 2.20 14.20 11.20 11.90 11.81
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Main Economic Indicators

\

Balance of Payments and External Debt (USs$ billions)

Years 1972 1973 1974 1975 1976
Trade Balance -0.244 0.007 -4.,690 -3.540 -2.255
Exports 3.991 6.199 7.951 8.670 10.128
Imports 4,235 6.192 12.641 12.210 12.383
Services -1.250 -1.722 -2.433 -3.162 -3.763
Interest -0.359 -0.514 -0.652 -1.498 -1.810
Current Account -1.489 -1.688 -7.122 -6.700 -6.017
Capital Account 3.492 3.512 6.254 6.189 6.534

Direct Investment 0.318 0.940 0.887 0.892 0.959
Long Term Loans 4,299 4,495 6.891 5.933 7.772

Short Term Capital 0.021 -0.197 0.464 1.551 1.109

Amortizations -1.202 -1.673 1.920 -2.172 -2.987
Others 0.056 -0.054 -0.068 -0.014 -0.258
Total 2.439 2.179 -0.936 -0.950 1.192
Foreign Debt 9.521 12.572 17.166 21.171 25.985
Debt/exports 2.386 2.028 2.159 2.442 2.566

Inflation and Growth Indicators

Years 1972 1973 1974 1975 1976
Inflation 15.70 15.59 34.53 29.34 46.26
GDP Growth 11.90 14.00 8.20 5.20 10.30

Industry 14,19 17.04 8.49 4.90 11.74




Main Economic Indicators

\

Balance of Payments and External Debt (US$ billions)

Years 1977 1978 1979 1980 1981
Trade Balance 0.097 -1.024 -2.840 -2.823 1.202
Exports 12.120 12.659 15.244 20.132 23.293
Imports 12.023 13.683 18.084 22.955 22.091
Services -4.134 -6.037 =-7.920 -10.152 -13.135
Interest -2.104 -2.696 -4.186 -6.311 -9.161
Current Account —4.037 -6.990 -10.742 -12.807 -11.734
Capital Account 5.278 11.891 7.657 9.679 12.773

Direct Investment 0.810 2.047 2.212 1.532 2.326
Long Term Loans 8.424 13.811 11.228 10.596 15.553

Short Term Capital 0.303 1.578 0.763 2.719 1.2289

Amortizations —-4.060 -5.324 -6.385 -5.010 -6.242
Others -0.199 -0.220 -0.161 -0.158 -0.094
Total 0.630 4.262 -3.215 -3.472 0.625
Foreign Debt 32.037 43.501 49.904 53.848 61.411
Debt/exports 2.643 3.436 3.274 2.675 2.636

Inflation and Growth Indicators

Years 1977 1978 1979 1980 1981
Inflation 38.83 40.73 77.30 110.24 95.19
GDP Growth 4.90 5.00 6.80 9.20 -4.40

Industry 3.14 6.44 6.80 9.25 -8.83




Main Economic Indicators

llllllllIl-IIlIllIIIIIIIIIIIII-IIIlIlll.-..-......-..--..

Balance of Payments and External Debt (US$ bi1lions)

Years 1982 1983 1984 1985 1986
Trade Balance 0.780 6.470 13.090 12.486 8.304
Exports 20.175 21.899 27.005 25.639 22.348
Imports 19.395 15.429 13.916 13.153 14.044
Services -17.083 -13.415 -13.215 -12.877 -13.694
Interest —-11.353 -9.555 -10.203 -9.660 -9.327
Current Account -16.311 -6.837 0.045 -0.241 -5.304
Capital Account 7.851 2.103 0.253 -2.554 -7.108

Direct Investment 2.547 1.359 1.549 1.262 0.185
Long Term Loans 12.515 6.708 10.401 7.078 3.109

Short Term Capital-0.064 1.069 -1.633 -1.404 1.124

Amortizations -6.952 -6.863 -6.468 -8.491 -11.546
Others -0.195 -0.171 -3.596 -1.000 0.020
Total -8.828 -5.405 0.700 -3.200 -12.356
Foreign Debt 70.198 81.319 91.091 95.857 101.758
Debt/exports 3.479 3.713 3.373 3.739 4.553

Inflation and Growth Indicators

Years 1982 1983 1984 1985 1986
Inflation 99.72 211.00 223.81 235.11 65.03
GDP Growth 0.73 -3.43 5.05 8.19 7.57

Industry 0.15 -5.91 6.37 8.97 11.6°
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Main Economic Indicators

Balance of Payments and External Dedt (US$ billions)

Years 13987 1988
Trade Balance 11.172 19.181
Exports 26.224 33.786
Imports 15,052 14.605
Services -12.678 -15.083
Interest -8.792 -9.832
Current Account -1.436 4.190
Capital Account -7.986 -8.711
Direct Investment 0.530 2.267
Long Term Loans 3.988 2.845
Short Term Capital 0.734 0.477
Amortizations -13.820 -16.901
Others 0.582 2.601
Total -10.228 -0.821
Foreign Debt 107.514 102.555
Debt/exports 4.100 3.035

Inflation and Growth Indicators

Years 1987 1988
Inflation 415.83 1037.60
GDP Growth 3.61 0.00
Industry 1.05 -2.58
Source: A1l data 1in this appendix 1s from IBGE
(1990) and Boletin do Banco Central, several

issues.
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CHAPTER 1V

IIME VARYING PARAMETER MODELS,

UNIT ROOTS AND COINTEGRATION

I) Introduction

For a long time now people have been studying models
that allow parameter variation across the sample period.
The first attempts at building varying coefficient models
were made in the 1950s and 1960s by Rubin (1950), Klein
(1953), Kuh (1959), Rao (1965) and others.

Different stories can be told about why one should
allow estimated coefficients to change across the sample.
The most obvious and reasonable one is that true
coefficients themselves are the result of a stochastic
process. In terms of a time series model the coefficient
may be assumed autocorrelated, depending on some economic
variable, or just random with a given mean and variance.

On the other hand, even when the true coefficient is
stable, the varying coefficient model can be seen as a
way to tackle specification errors such as excluded
variables. Thus, a parameter varijation not explained by
some theoretical consideration can be seen as an evidence
of misspecification.

A great encouragement to the use time varying
Parameter model came from the Lucas critique. According
to Lucas when the economic agents have rational

expectations the parameters in econometric models will no
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longer be constant. Agents will change their behaviour in
response to changes in the policy regime. In Lucas words:
"To this point, I have argued simply that the standard
stable parameter view of econometric theory and
quantitative policy appears not to  match several

important characteristics of economic practice, while an

alternative general structure, embodying stochastic
parameter drift, matches these characteristics more
closely" .1

Note that if the parameter changes in some
parametric way, there will be other “deep parameters”
that are stilil constant, namely the mean and variance of
the underlying stochastic process.

On the other hand, it has been noticed that most of
the economic time series have a trend pattern. The
existence of unit roots 1in economic series has been
confirmed by the work of Granger (1966) and Nelson and
Plosser (1982). To retain the stationarity assumption it
has been proposed that the variables should be tested for
cointegration. If they cointegrate, the estimation of an
eérror correction model seems to be the appropriate course
of action.

In this chapter we present the econometric methods
that will be used in chapters 5 and 6.

The main objective of this chapter is to discuss
different time varying parameter models developed during
the last decades, giving special attention to the Kalman

filter. The comparison with earlier models seems to point

1) Lucas (1976).



out the superiority of the Kalman filter in dealing with
time varying parameter models, Additionally, we also

present some discussion on how to deal with
non-stationary series.

This chapter has four other sections. In the next
section we present the different non-bayesian models that
were introduced during the 1970s, exploring also the
relations between them. The third section 1is dedicated to
the Kalman filter. It contains not only the derivation of
the recursive equations for filtering and smoothing, but
also a discussion of some other topics such as different
schemes of parameter variation and the Bayesian approach
to time varying parameters. In the fourth section we deal
with the question of unit roots and cointegration. The

fifth section presents the conclusions and remarks.

IT) Different Models Proposed

1) Purely Random Model

The purely random coefficient model was one of the
first models to tackle the time varying problem.2 The
basic idea is to create a model where the estimated fixed
coefficient represents the average of the time varying
coefficient distribution. Thus, although it incorporates
explicitly the possibility that coefficients are not

fixed over the sample period, it does not allow the

2) See, for example, Rao (1965), Hildreth and Houck
(1968) and Swamy (1970).



estimation of different coefficients for each point

in
time.
The basic model can be written as
yt :Xt’ Bt + vi (1)
Bt = U + €¢ (2)
where,

2 2
vt -~ N (0, Oov) and €+ ~ N (0, Oe).

Additionally, both error terms are assumed to be

independent and non-autocorrelated. Combining (1) and (2)

Yyt = X’ 4 4+ ut (3)
t

where

ut = X’ €x + vt.

t

One should note that after this substitution the
mode becomes a fixed <coefficient mode1l, with an
heteroscedastic error term. Equation (3) can then be
estimated by generalized 1least squares (GLS), and the
fixed coefficient u is the estimated mean of Bt. In other
words, it shows the average change 1in the dependent
variable due to a one unit change in the exogenous
variables. The GLS estimator is

b = (X’Q-1X)-1 x'Q-1 vy, (4)

The probiem in using this is that normally we do not
know the error covariance matrix £, and an estimate of
this matrix should be used in (4).

The procedure proposed to obtain the estimated Q 1s
based on the residuals of the ordinary least squares

(OLS) estimation of (3)



Y - X'bo1s

o
"

Mu

where, M = I - X(X'X)-1X’ is a known matrix. Then,

E(ee’) E(Muu’M?’)

= MQM
from which,
E(e*) = M* var(u)
where, e* = e2 and m* = m?

13 iJ id i3

Finally, define w = e* = E(e*) and G = M*X*, then:

e* = E(e*) + w
= M* Var(u) + w
2 2
= M*( X*0e + Ov ) + w
2 2
e* = M*X*0e + M*Ov + w (5)

Since M and X are known matrices we can estimate (5) by
OLS to get estimates of the variances, and hence of .3

As shown by Swamy (1970) and Hildreth and Houck
(1968), this procedure leads to an unbiased and
consistent estimator of the variance-covariance matrix
and a consistent and asymptotically efficient estimator

of the mean.

2) Ihe Adaptive Regression Model

This model, developed 1initially by Cooley and
Prescott (1973a), 1is basically a standard regression

model where the intercept term is allowed to vary. It

3) A similar procedure is derived in Theil (1971)
P.622-625. The difference is that in Theil’s case the
random term w 1is again heteroscedastic with a known
Pattern of heteroscedasticity. Thus, he uses GLS to
obtain the estimated variances.



assumes that the additive error term is a sum of “not
only a transitory element that has effect in the current
period, but also a permanent component whose effect
persists into the future".+

One example of this permanent component could be a
new variable that, at some point in time, becomes
relevant to the explanation of the dependent variable.5
In this model, the role of the time varying intercept is
precisely to take into account this permanent component
of the error term.

Normally, when dealing with this kind of problem,
especially when the presence of omitted variables is
acknowledged, the common procedure 1is to postulate an
autoregressive error term. It is also very common to
"adjust" the constant term whenever the ex-post forecasts
do not perform very well.

Instead of using these ad hoc procedures Cooley and
Prescott propose to define the model allowing the
constant term to vary. The model is:

Yt = at + X’ B + €t (6)

t

at Qt-1 + ut (7)

where
€t ~ N (0, (1-68)02)
ut - N (0, & 02)

and 0 £ § S 1,

4) Cooley and Prescott (1973a) p.364.
5) Other possible sources of this permanent component are
changes in tastes and technological development.
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The parameter § 1s used to measure the relative
importance of the permanent component. Note that if there
is no such permanent component in the additive error
term, that is § = 0, then a = @t-1 and we are back to
the fixed coefficient model. To obtain the estimating
equation, we solve (6) recursively and substitute the
result in (7).

Qr = Qt-1 + Ut
= 0t-2 + Ut + Ut-1

= Q-3 + Ut + Ut-1 + Ut-2

t-1

Ue -
1

-

Then,
t-1

yt= a0+ X;ﬁ + €t+ Z ut-i
i=0

Actually, because they are concerned about
forecasting, Cooley and Prescott solve the recursive
calculation the other way around, obtaining @t in terms
of at+1 and the error sum. Instead of adjusting the
constant, they propose to estimate the most recent value

of it.
T

Ye= @, + X'B .+ € + Z u, (8)
s=t

In matrix notations,
y = X'8% + v (9)

where,

6) Now X’ includes a column of ones as usual.
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B* = [ atsr By B2 ... By ]
T

Vt= €t+ Zus
s=t

Equation (9) is identical to the standard fixed
coefficient regression model. The only problem is the
error term, that is now not independent. If § is known
then the GLS estimator of 8* and o2 is given as

-1 -1

bs (X’Qs X)-1' X'Qs y

2 -1
Ss = T-1 (y - X’bs)’Qs (y - X’bs )

where
13 = (1-6)I + &R
and R is a TxT matrix with elements rij such that?
Frig = min [ t-i+1, T-j+1 ]
If we have no a priori information about the value
of §, we have to rely on some numerical search technique.

Given the 1ikelihood function of the observations

L(y;B*,02,8) = - T/2 In 2% - T/2 1n 02 - 1/2 1n Qs |
-1
- 1/202 [(y - X B8*)’Qs (y - X B*)]
we can substitute the estimators of ¢2 and 8* to get the
concentrated likelihood function
2

L(y,B*,02;8) = -T/2 (In 2 + 1) = T/2 1n Ss - 1/2 1niQs |
and then search between zero and one to get a value §

that maximizes the concentrated likelihood.

7) Note that R is constructed in this fashion because of
the cumulative sums in (8) that make ut autocorrelated.
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Note that computational cost is a problem for this
routine once the variance-covariance matrix has to be
inverted several times, given different values of §.
Cooley and Prescott (1973a) solve this problem by
transforming the variables in such a way that Qs is
diagonal, thereby making calculation easier. Cooley and
Prescott (1973b and 1973¢c) also show that bs s
consistent, asymptotically efficient and robust to
specification errors causing structural change over time,
relative to least squares methods with and without first
order autoregressive errors.

This model, 1ike the purely random one, does not
allow the estimation of a path of coefficients over time,
as its main focus 1is forecasting. A rather inconvenient
generalization of this model, where slope and intercept
are allowed to vary and be estimated in different points
in time, is presented by Cooley and Prescott (1973c and

1976). The generalized model can be written as

Yyt = X’ Bt + €¢ (10)
t

Bt = Bt-1 + ut (11)

where

€t ~ N [0, (1-8)3¢]

ut -~ N [0, é62,]

and 2Z¢ and 3y are known up to a scale factor. Following
the same steps as before one can solve it recursively to
obtain

y = X’8 + v

where,



™
I

= B+

- - Yy
v—€t Xt u

8
t

" M=

The composition of the matrix R used to form Qs will
also change slightly. Its elements are now
rvy = min [ T-1i+1, T-J+1] X’3uX
i ]
or, in the most general case, if we want to estimate the

coefficient vector in some period t

rig = min [lt=11, 1t-j1] X’Sux
i J

Then, given Qs we can proceed as before.

3) Systematic Parameter Yariation

Instead of postulating sequentially varying
coefficients, this model, due to Belsley (1973a b and c),
assumes that coefficients will vary according to a set of
economic variables.

Yt = X’ Bt + €¢ (12)
t

Bt = & Zt + ut (13)

2
€t ~ N (0, O I)

2
ut ~ N (0, ogu Q)

where Xt and Zt are k and r vectors, respectively, and B8
is a k vector. Substituting (13) into (12) we get

Yt = X'(8 Ze + ut ) + €t
t

(X ® Z°) T + vt
t t
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= wt I + v (14)
where,

vt = X'ut + €¢
t

X' @ z’
t t

wt

E (vt) = E (X’ut + €¢) = 0
t

2 2
var (vt) = Var (X’ut + €t) = gc + Ou X’'Q X
t t t

Again, if we stack the observations in (14) to get a more
suitable matrix form

y =WTI + v (15)

where y and v are T x 1 vectors, W is a t x kr matrix and
I' is a kr x 1 vector (T = vec(é) ).

The estimation procedure will depend on the
assumptions one makes about Zt+ and ut. In the simplest
case where Zt 1is known, one could apply OLS or GLS
depending on the variance of ut. If the model is assumed
systematic, that is Vvar (ut) = 0, then vt is no longer
heteroscedastic and we can apply OLS to (15). On the
other hand, if we have a random component 1in Bt , we
should apply GLS. A solution in this case, when Q is
known, 1is to follow the same steps proposed for the
purely random model, that is use the OLS residuals to get
an estimate of the error variances and use these to
correct the heteroscedasticity.

The model actually proposed 1in Belsley (1973a) s

one where Zt is not known but Var (ut) is equal to zero.
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Therefore the central problem 1is not how to estimate
(15), but how to identify the vector Z¢ .8

Belsley (1973a) proposes a fairly complicated way
to get Zt. The choice of 2z could be based on trying
different Z’s in the regression
bt = § Zt + ht (16)
where bt 1is an estimator of B8t and ht is a white noise
error,such that
bt = Bt + ht (17)

This corresponds to (13), in the case in which
Var (ut) is zero. The problem is how to get bt. Belsley
(1973a) provides an algorithm to generate a series of bt.
The basic idea is to find bt by running regressions of y
on X for different periods of time, starting with the
period t = 1 to t = kK + 7, to get b1, and keep changing
theperioduptot:T—k—'rtotzT, to get bt.
Hence, this “moving-window" technique can provide a
series for bt .9

This procedure does not completely solve the
problem, because as shown by Belsley (1973a) bt is a
biased estimator of B:. This bias will basically depend
on the rate of change of Zt. Whenever 7t moves siowly

over time the bias would be small.

8) A simpler, practical way would be run an OLS
regression assuming fixed parameters and then plot the
residuals against several possible variables. Although a
Possible non linearity between Zt and the res1duals might
complicate the conclusions, a simple inspection of the
Plot may provide good insights.

9) Belsley (1973b) also provides an F-test for constancy
of parameters when Z is not known.
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Finally, one should note that Belsley actually does
not provide a new way to estimate time varying
parameters, but a way to choose the set of explanatory
variables Zt. Note also that the proposed method is by no

means theoretically superior to simply trying different

Zs directly in (14).1° Once Zt is known the estimation of

(14) 1is trivial.

4) Switching Regressions

The switching regression mode ] was initially
developed 1in the 1970s by Goldfeld and Quandt, and
various approaches were proposed to estimate and test
the switching regression hypothesis. This basically
claims that sample observations can be divided into a,
usually small, number of different regimes. These are
distinguished by the fact that, although the form of the
equation 1is the same throughout the whole period,
parameter values may change between regimes.

Thus, supposing there are only two regimes, the
switching regression model can be expressed as

Yt = X’ 81 + uit if t belongs to regime 1 (18)
t

X’ B2 + uzt if t belongs to regime 2. (19)
t

yt

In general, we can have two different sets of parameters
(B1, 01) and (B2, 02).
Note that the central point 1is that dividing the

sample wusing some kind of a priori knowledge is not

10) One could argue in favor of Belsley pro;edure on.the
basis of computational costs, ‘since his algorithm
involves only inversion of 2x2 matrices.
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possible. If the observations can be classified as
belonging to a specific regime, the problem of estimating
and performing stability tests is trivial,

The first and simplest approach to this model is due
to Quandt (1958), who assumes that, in a sample of size
n=m + nz, there exist only two regimes such that the
first ni1 observations are associated with the first
regime and the last n» observations with the second one.
Therefore his problem consists of finding the optimal
break point (t’) and then estimating the coefficients in

the two periods. Let us define the likelihood function of

the observations yt, given t’, as

t,

13 - - H 2

Lye/t?) = (1/2m)""% 6% 0, " * Dexpr1/2 o 2 (ye=X81)
t=1

n
~1/2 0, 3 (yr - X! B2)%1 . (20)

t=t’+1
Then, one can use a numerical technique to maximize this
function for different choices of t’.

Two aspects of this procedure should be highlighted.
First, it allows only one Jump, at time t’, and secondly,
this break point t’ cannot be close to either end of the
sample, otherwise the likelihood function may be
unbounded.

This model was then extended by Goldfeld and Quandt
(1972) and Quandt (1972) to allow for several changes
between regimes. Goldfeld and Quandt (1972) suppose that
at each point in time nature chooses between the two

regimes according to some variables Zt. They assume that
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1f ZE §; Z;x S O then nature chooses regime 1

’

1f EZ 6, Z;y > 0 then nature chooses regime 2
i=1

where the &8s are unknown coefficients, 11

Now define a diagonal matrix D with elements d(Z¢)

such that
p

d(ze) = 1 if > s, 2.5 o0
i=1
p

d(ze) = 0 if > & 2z > 0

Stacking the observations in (18) and (19) and using the
matrix D to combine them we have

y = (I-D)X 81 + DX B2 + w (21)

where W = (I-D) ui + D uz.

The log-1ikelihood function can then be written
as, (excluding a constant)

L == (1/2) 181 - (1/2) [(y - (I-D)X B1 + DX B2)’ Q-1

(y = (I-D)X B1 + DX B2)]. (22)

The problem in maximizing (22) 1is that it implies
searching over several different combinations of the
diagonal matrix D. To solve this problem Goldfeld and
Quandt suggest approximating the unit step function d(Zt)
by a continuous function. They choose the normal

cumulative density finction,

11) It is possible that Zt includes some or even all the
regressors.



d(Zt) = [1 /on2m ] exp [ - 4%/ 201 d# (23)

where o measures the goodness of fit of the
discrimination between the two regimes. For small ¢ the
expression (23) should give a good approximation, but
when 0 is not small, that is when the two regimes cannot
be easily separated, some values of d(Zt) will not be
close to zero or one.

Thus, cne can substitute (23) into (22) and then
maximize it to get B’s, &§’s and 0.2

Another possibility 1is to suppose that nature’s
choice of regime is random. Quandt (1972) develops such a
model with stochastic choice of regime. At each point 1in
time there is a probability @ that the observation comes
from regime 1 and a probability 1 - a that it comes
from regime 2.

Given the normality assumption the conditional
density of yt can be written as a weighted average of the
probability density functions.

a fi(yt/Xe) + (1-a) f2(yt/Xt)
(a/o N 2% ) expl-(1/207) (yx - x28,)%]

gyt /Xt )

-+

(1-a/o, N 2m ) expl-(1/202) (yr - X}8,)%]1 (24)

12) A more intuitive approach would be to use the
estimated s, or the d(Zt)s they imply, to separate the
sample and then use OLS, but inference carried Qut using
OLS procedures would then be conditional on this sample
separation.
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from which the 1ikelihood function follows,
T =091 X g2 Xx g3 x ... x gnl. (25)

Note that again we face the same potential problem
as in (20) , that is (25) may be unbounded. One way to
overcome this possible problem is to impose a priori that
g1 = k02 , where Kk is any positive constant, to make (25)
bounded. Even if this a priori supposition is not made,
Kiefer (1978)'3 has shown that there would exist a
consistent solution. 14

The generalization for the case of more than
two regimes is quite straightforward. If there are
f different regimes one Jjust needs to redefine the
log-Tikelihood function as

f"
L = ZE o, f,
i=1

F
where, EE a. = 1.
=1

Then the system may switch several times, not only
between two specific regimes, but also to newer ones.

A final generalization may allow for the possibility
of making a switch from one regime to another depending
on which regime is in effect. Goldfeld and Quandt (1973a)

provide this generalization, putting the model just

described into a Markov chain framework.

13) See also Goldfeld and Quandt (1973b). _
14) The problem is more complicated because, as shown 1in
Kiefer (1978), . the starting value should itself be
cConsistent. One alternative would be to use a moment
generating function, instead of the likelihood function.
This procedure is suggested by Quandt and Ramsey (1978),
but there is no evidence that it would be better than the
lTikelihood estimation.
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Define a transition matrix I' where the rsth element
(rys = 1, 2) is the probability of SWitching to regime s

given that regime r was in  effect. Given the

I' = ,: T1 1_71]
-7, 7,

Now, the probability vector can be written as
@ = (a1t @2t) where ajt = 1 - @2t. Then, the combined
density function can be rewritten as
9 = a1t fi(ye/Xt) + (1-a1t) F2(ye/Xe)
from which we can write down the Tikelihood function and
maximize it to get 8s, 0s, 7s and @9 .15

Finally, one should note that the use of the
1ikelihood function 1in all these different models gives a
natural test for the constancy of parameters. The
likelihood ratio test can be used under the null

hypothesis that parameters are restricted to be constant.

5) Some Relations Between the Models

In some sense we can divide the different models
presented here into two categories. The first two models,
the purely random (PRM) and the adaptive regression
(ARM), can be classified as random models, while the
Other two, the systematic parameter variation (SPV) and
switching regressions (SRM), can be described as

Systematic models. The basic point is that in the PRM and

15) One just needs to estimate @10 and 7T because at can

. t
be found recursively as at = at-1 [',then at = ao I't.
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ARM the parameter vector is itself a random variable,
while in the SPR and SRM the parameters are deterministic
functions of some specific economic variables. 16

Let us first compare the random models. Here the
superiority of the ARM over the PRM is clear, not only
because it allows the coefficient path to be estimated,
but also because the PRM assumes a constant mean for B8
while in the ARM the conditiona] mean is allowed to vary.

The 1inks between the SPV and the SRM are also easy
to establish. In the SPV model with only two regimes
(R=2), we can define 7t as
Zt = (1 0) 1 <t < ¢’

(0 1) t’s t <T
to get the simplest SRM, and as

Zt

(1 0) with probability a,

(0 1) with probability 1-a
to get the a-method in the SRM. In both cases the Var(ut)
in (13) is supposed to be zero.

The upshot of all this is that the SPV is not a
method for estimating time varying parameters, but rather
a way of choosing the vector Zt. In this sense it could
be seen as a previous step to the SRM.

Another interesting comparison can be made between
the ARM and the SVP. If ut is assumed to be distributed
With independent increments (13) can be rewritten as
Bt = Bt-1 + 8§ A Z¢ + vt (26)

where, vt = A ut.

16) Note that even when nature chooses stochastically
between regimes this can be true. Substituting a by d(Zt)
in (24), the choice of regime would depend on Zt.
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Note that for smal} AZt, (26) can be approximated by
(11). But small AZ:t, that is Zt moves slowly over time,

is exactly the requirement for the SVP work well,

III) The Kalman Filter

The Kalman filter was originally developed 1in the
engineering literature to deal with random signais.?? Its
applications to econometrics was probably made difficult
because it approaches the standard regression problem in
a very different manner. In the way 1t is usually derived
the estimator bt is a result of regressing bt on the
dependent variable yt, instead of regressing yt on the
exogenous variable Xt. That is the conditional mean of Bt
given yt, yt-1, ..., y1.

As Duncan and Horn (1972) have observed, in
comparing the Kailman filter with the standard regression
analysis: "Specifically, the central objective 1in both
cases is to estimate B, the entire vector of regression
coefficients involved. Speaking in terms of vector space
projections, as Kalman does, the conventional
regressionist approaches this problem by projecting an
Observation y vector onto a linear vector spanned by the
columns of an X matrix, that is by ’fitting a regression
y* of y on X’. The optimal estimates b of B8 are then
found as the coefficients of the orthogonal projection y*
SO obtained,that is the coefficient of X in the equation
for y*. The Kalman approach, on the other hand, makes use

of the fact that Bt 1is now a random variable. By a

17) See Kalman (1960).
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suitable redefinition of the vector space terms involved,

the optimal estimate itself is found directly as an
orthogonal projection bt;s of Bt on a vector space
spanned by the wu1, yi, ++» ¥Ys oOf the data involved, In
regression terms, this is 'fitting a regression of Bt on
MY, Y, ..., ysg’'", 18

The derivation of the Kaiman filter equations
presented 1in this section will be carried out in a
regression context since our main objective is to point
out 1its use in estimating time varying parameter
regressions. It should be clear though that the Kalman
filter may have many other uses. Different kinds of
models can be cast in the state space framework, that is
as in equations (27) and (28), and, therefore, estimated
by the Kalman filter. Examples of this are ARIMA and
unobserved components models or, as it 1is sometimes
called, structural time series models.!'® We shall explore
the state space representation of ARIMA and unobserved
components models later in this section.

The basic idea behind the Kalman filter 1is that
estimation is performed recursively in two steps. In the
first step the "best" estimate at time t, using all the
information available up to time t-1, is found. Then,

this estimate is updated using the new information that

becomes available at time t. This estimate is the best in

18) See Duncan and Horn (1972) p.816. Note that ui
represents the prior mean of B8t and y* the estimated y.
19) See Harvey (1989).
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the sense that it minimizes the mean square error

(MMSE) , 20

The discrete time Kalman filter model ig composed by
a measurement and a transition equations, that can be

written as

Yt = Xt’ Bt + €¢ (27)
Bt= Mt Bt-1 + St ct + Rt ut (28)
where, Bt = state vector;
Yt = vector of actual measurements;
Ct = input vector:
Xt, Mt, St, Rt = known fixed matrces with

appropriate dimensions.

It is also assumed that

E (€i, €5) = &3 02 Ht i, J =1, ..., T
E (ui, uj) = i35 02 Qe i, j = 1, ceny T
E (€t, ut) = o t=1, ..., T
E(ﬁo,é't’)=0 t=1, ..., T
E (Bo, u’) = 0 t=1, ..., 7T

t

where §&i; 1is the Kronecker delta. These conditions just
state that €t and ut have zero mean and covariance matrix
O2Ht and 02Qt, respectively, are non-autocorrelated, non
correlated between themselves and non-correlated with the
state vector at time zero. It is also assumed that Ht and
Qt are known and that both error terms are normally

distributed, although normality is not crucial.?2

20) It is usual to refer to it as the MMSE estimate,
instead of minimum variance unbiased estimate, because of
the stochastic nature of the parameter. '

21) Occasionally people prefer to work with a w1de'sense
distribution. In this case the Kalman filter estimator
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1) Einding the Prediction Equations

At any point in time we know bt-1 and its covariance
matrix, which is
02 Zt/t-1 = E [(bt/t-1 - Bt )(btyt-q1 - Br)’]. (29)
To get the best estimator of Bt we should use the
transition equation (28), which shows how the state
vector changes over time.
bt/t-1 = Mt bt-1 + St ct (30)
To find the equation to predict the covariance matrix at
time t, given its value at time t-1 let us define the
forecast error in (29) as
bt/t-1 - Bt = Mt bt-1 + St ct - Bt
but using (28),
bt/t-1 - Bt = Mt (bt-1 - Bt-1) + Re ut . (31)

Substituting (31) 1in (29)

02 2t/t-1 = E {[Me(bt-1 - Bt-1) + Retut]
[Mt(bt-1 - Bt-1) + Rtut]’}
= E [Me(bt-1 = Bt-1)(bt-1 - Bt-1)'M’t +
+ Mt (bt-1 - Bt-1) U’'R’+ Rtut(bt-1 - ﬁt-1)’Mt’
t t
+ Rtutu’R’]
t t
= E [Mt(bt-1 - Bt-1)(bt-1 - Bt-1)’M’ + Retutu’R’

t t t

+ 2 Mt(bt-1 - Bt-1) u’R’
t t

= Mt E [(bt-1 = Bt-1)(bt-1 - Bt-1)"] Mt’+

+ Rt E(utu’) R’ - 2 Mt E [(bt-1 - Bt-1)u’] R’.
t t t t

would be the MMSE among the 1linear estjmators. Athans
(1974) for example uses normality wh11e‘ Harvey and
Phillips (1982) work with a wide sense distribution.
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It is shown 1in Jazwinski (1970) that according to the

Orthogonal Projection Lemmaz22

E [(bt-1 - Bt-1)u’] = 0o
t
then,
02 2t/t-1 = Mt 02 Se-q9 M’ + Rt 02 Q¢ R’
t t

2t/t-1 = Mt Zt-1 M’ + Rt Q¢ R’. (32)
t t

Thus, (30) and (32) can then be used to predict the
state vector B8 and the covariance matrix £ at time t,

given their estimates at time t-1.

2) Eindi . .

Let us first define the residual vVt as

A

YVt = Yt = Ytst-1 = X’ Bt + € - X’ bt/1-1
t t
vVt = X' (Bt- btst-1) + €4 (33)
t
Hence,

E (vt) = X’ E (Bt~ btyt-1) + E(€t) = 0
t

since bt is unbiased and,

Var (vt) = E (v:)
= X; E [(Bt- bt/t-1)(Bt- btst-1)’] Xt + E (Gi)
= X; 02 Zt/t-1 Xt + O2Hg
= 02 [X; Zt/t-1 Xt + Ht]

Var (vt ) = O2F: (34)

where

Ft = X’ St/t-1 Xt + Ht (35)
t

22) See Jazwinski (1970) p.202-203.
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The derivation of the updating equations for b and =
can be found as the result of applying GLS to a mode
with varying parameters.23 The trick in making the proof

simple is to redefine the model as

{bt/t-1] - [ I ] B, + [bt/t-1— BtJ
(36)
Ye Xe €

or in more compact notation

* *x % *
Yt: xtﬁt+ €, (36a)
where the covariance matrix of e: is
, >
E (€, €') = a’a = |®t/e-1 © | . (37)
0 Ht

Applying GLS to (36a) we obtain
_ ¥, -1 _ % -1 X, -1 *
bt/t- (X '@ X)) X Q Y . (38)

To obtain a more suitable formula we can substitute (36)
and (37) into (38).

bt/t = (2;;t-1 + XtH;‘Xt)"(Z;;t-1 bt/t-1 + XtH;‘Yt) (39)
Using some well know lemmas of matrix inversion, equation
(39) can be rewritten as

bt/t = btst-1 + Ke (Yt - X; bt/t-1) (40)

where the Kalman gain Kt is

Kt = St/ t-1 Xt F-1,
t

Note that the filter gain is used to improve the
state vector forecasts. Every time the state vector is

Such that predicted and actual Yt are different, the

23) Proof of the updating equations using the GLS
Principle can be found in Duncan and Horn (1972), Sant
(1977), Harvey (1981), and Diderrich (1985).
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error is incorporated into the new state vector estimate
to make it more accurate. In other words, (40) says that
the expected value of the state vector, given alj the
information up to time t, can be divided into two
components: the expected value of this vector given the
information up to t-1, plus a coefficient times the
forecast error of Yt given the information avaijable up
to t-1. The filter gain is exactly this coefficient which
discounts the forecast error. Following Chow (1983) we
can write (40) as

E (Bt/Yt, It-1) = E (Bt/It-1) + Ke [Yt - E (Yt/It-1)]
where, Yt stands for the actual observation to time t and
It-1 for (Y+ Yz ... Yt-1).

Note that if the forecast error in (40) 1is zero,
then bt = bt-1 and we are back to the fixed coefficient
case. In this sense, the fixed coefficient model can be
seéen as a special case of the time varying model when we
do not use the forecast error at time t-1 to improve the
forecast for the period t.

To get the updating equation for the covariance
matrix we can multiply (40) by -1, add Bt and use (27) to
obtain

Bt - bts/t = Bt - btst-1 — Kt [X’(Bt - btst-1) + €t]. (41)
t

Taking the expected value of the cross product of (41) we
have,

02 Zt/t = 02 Zpyt-1 - Ke [ Xt’ 02 Zt/t-1 Xt + O2He ] K’t
using the definitions of Kt and Ft

Zt/t = St/t-1 - St/ /t-1 Xt F-1 X' St/t-1 . (42)
t t
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As we said before, the time varying parameter mode ]
is just one of the possible applications of the Kalman
filter. In this case Yt is a vector with observations on
the endogenous variable, Bt a vector of parameters to be
estimated, Xt a fixed matrix of  exogenous variable,
ct = 0 and Ht = Mt = Rt = I.

To end the derivation the only thing we need is an
estimator for 02, This can be obtained using a maximum
likelihood approach.2* Since vi in (33) is normal and
serially uncorrelated we can write the 1log 1ikelihood

function as

T

InL =-(T/2) 1n 2w - 1/221"‘ T X B, e X+ He )
t=

.
2 ] 2 H

- 1/20° > [OYe= X by, )P /(X Z e X+ HOT.
t=1

Doing some manipulations and using (33) and (35) we get

.
InL=-(T/2) In2m - (T/2) In o2 - 1/2 » 1n F,
t=1

.
- 1/202 ) Vi P . (43)
t=1

Equation (43) can then be maximized with respect to 02

which gives

.
-(T/2) (1/02) + (1/204) > Vi/ F, = 0
t=1

Multiplying both sides by 202 and rearranging we get

24) The variances of the state variables is sometimes
called hyperparameters, see Harvey (1987).
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.
$°= 1/T 3 Vi/ F, (44)

which is the maximum likelihood estimator of o2
conditional on M, Ht, St, Xt, Rt, and, Qt.

Note also that if Q¢ was not known it could be
estimated by maximizing the concentrated log-likelihood.

Substituting (44) into (43) we get

.
InLe= - (T/2) (In 2w + 1) - (T/2) 1n %= 172 3 1n F, .

t=1

Note that we could use the maximization procedure
described above to find other unknowns in the model. It
sometimes happens that Mt 1is not known. That 1is, for
example, the case when we are dealing with ARIMA models.

The problem though is still the same, that is, find
02 and Mt that maximizes the 1ikelihood function given
Ht, Xt, Rt and Qt. Once the model is in the state space
form and the initial values are determined, the Kalman
filter is uéed to generate the prediction error vt that
is used as input to the log-1ikelihood function which is

then maximized by numerical optimization.

3) Ihe Recursive Estimation

In short, the Kalman filter can be summarized by the
forecast equations (30) and (32) and updating equations
(40) and (42). The estimation is done recursively. Given
bo and 2o we can use (30) and (32) to obtain an initial
estimate and then update this estimate using (40) and

(42).



In practice, we can use as starting values g

covariance matrix o = KI where k 1is a large number. The

value for bo can be assumed to be zero,. Note that bo does

not matter very much because as K is large So wil]
dominate bo. The initial estimates wil] probably be not
very precise, but as the Kalman filter is time invariant
one can smooth the coefficients after filtering it.

One can also, as suggested by Sant (1977), use the
equivalence between GLS and the Kalman filter to obtain
the 1initial conditions. If one has enough degrees of
freedom one can apply GLS to the first m observations to
get bm and Zm and then use them as starting values to
filter the other T - m observations.

If on the other hand, we know the model 1s
stationary we could use the mean and the covariance
matrix of the prior distribution of bo. Since the mode ]

(27) and (28) has nho constant term we should set bo = 0,

and 20 could be found by solving equation (32) as2?5

20 = Mt 30 M’ + Rt Qt R’.
t t

Thus, the actual estimation consists in, given bo
and 2o, find bts/t-1 and St,t-1 and after this vt and Ft.
Once the new observation Yt is available, one can then
get the wupdated estimates bt,;t and St,st. In this
procedure the key equations are (30), (32), (33), (34),

(40) and (42).

25) See Harvey (1981) p.49 and 109-110.



4) The Stochastically convergent Coefficient Mode ]

The stochastically convergent coefficient mode,

also called "return to normality model”, was first used
by Rosenberg (1973) and more recently by Harvey and
Phillips (1982). In this mode] the parameter in each
point in time is a linear combination of what it was last
period and some fixed value

at = ¢ at-1 + (1 - @) u + ut (45)

or, rearranging the terms

at - 4= @ (-1 - u) + ut (46)

where

ut ~ N (0, 02 Qt)

and ¢ 1is a diagonal matrix that satisfies stationarity
condition, that is, it has eigenvalues less than one in
absolute value.

In this model the coefficient @t 1is variable but
changes slowly over time around a fixed mean . Note that
in the wusual transition equation, where a follows a
random walk process, its value at the end of the sample
can be substantially different from the beginning of the
sample. Thus, 1in cases where a substantial structural
change 1is expected one would prefer to use the random
walk approximation, whereas in the case of smooth changes
over time the stochastically convergent coefficient model
Seems to be more appropriate.

One should also note that the purely random model,
as well as the random walk specification of Bt, can be

regarded as special cases of the stochastically

convergent coefficient model. If ¢ = 0 we are back to the



P(Bt/It) = P(Bt/Yt, It-1) = P(Bt/vt, It-y)

P(Yt/Bt, It-1) = P(vt/Bt, It-1)
This 1is true because, since Mt, St, ct and Xt are

Known, observing vt is the same as observing Yt. Then
(49) can be rewritten as
P(Bt/vt, It-1) = P(vt/Bt, It-1) P(Bt/It-1). (51)
The distribution of the lTikelihood P(vt /8t , It-1) s
normal and its mean and variance are as defined before.

To finally obtain the posterior distribution from
(561) one can use some standard resuits 1in multivariate

statistics to get?2®

(Bt/vt, It-1) = N~ [ btst-1 + Kt (Yt = X'bt/t-1),
t

Zt/t-1 -Zt/t-1 Xt F-1 X’ 2ts7t-1 ). (52)
t t

A simple comparison between (62) and (40) and (42)
makes clear that the updating equations can be seen as
the mean and variance of the posterior distribution. The
Kaiman filter can then be seen as an update procedure
from which beliefs about the state vector are updated
depending on how good was the prior guess.

Finally one should note that normality 1is not
crucial to prove the equivalence between the GLS and
bayesian approaches. 1In deriving (50) and (52) normal

distribution was used to simplify matters.?30

29) See, for example, Chow (1983) p.8-14. _ |
30) The general proof of the updating gquat1ons via
Bayes’ Theorem can be found in West and Harrison (1989).
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purely random model whereas if ¢ = 1 we get (28), when

Mt = I and ct = 0.

To formulate this mode ] in  the Kalman filter

framework we may define
ﬁt = (l-", 8,)’

t t
where

Kk and 8§t = at - u, then

4t

Yt X* ' B (47)

t

i _ I O M _ 0
Bl o] [ea] e [o]w e
where X*’= (Xg X2)

5) Ihe Bayesian Approach

Until now we have remained 1in the classical
statistics framework. Nevertheless, the time varying
parameters model of equations (27) and (28) can also be
approached from a bayesian view point. We wil] try to
show in this section that as far as the prediction and
updating equations are concerned the classical and
bayesian approaches are equivalent. The difference is in

the treatment of the variances.

5.1) A__Bavesian Interpretation of the Prediction and

Undat i .

The Kalman filter updating equations were derived

above using the GLS principle. What 1is shown in the
literature is that these equations can also be derived

from a bayesian point of view.28

26) See for example Meinhold and Singpurwalla (1983).



The bayesian approach to statistics s mainly
concerned with how information changes the beliefs one
has about hypotheses and parameter values. 1In Lindley’s
words: "The main subject matter of statistics is the
study of how data (events) change degrees of belief; from
prior, by observation of A, to posterior".27 This is the
idea behind Bayes’ Theorem on conditional probability
P(Hn/A) « P(A/Hn) P(Hn)

where n = 1, 2, ..., and A is fixed.

Put simply, it says that a prior belief or
probability of a set of hypotheses P(Hn), can be
transformed in a posterior belief or probability P(Hn/A),
given the likelihood of Hn on A P(A/Hn). This sequential
approach to estimation also 1lies at the heart of the
Kaiman filter.

Let us take equation (27) and (28) and rewrite
Bayes’ Theorem as
P(Bt/It) = P(Yt/Bt, It-1) P(Bt/It-1) (49)
where, as before It-i stands for (Y1, Yz, ..., Yt-i). At

the beginning one knows the prior distribution (Bt/It-1)

(Bt /It-1) ~ N (Mtbt-1, MtSt-1M’ + RtQtR’ ) (50)
t t

where bt-1 and Zt-1 are the mean and covariance matrix of
(Bt-1/It-1). To get (50) we just used (27), (28) and some
basic results of the normal distribution.28

Note also that using the residual vt, defined 1in
(33), we can rewrite the posterior probability and the

likelihood of Yt as

27) Lindley (1965), p.30-31.
28) See Meinhold and Singpurwalla (1983).



5.2) Yariance Learning and Discount Factors

The basic difference between the classical and
bayesian approaches to the time varying parameters models
is the estimation of the observational and evolution
variances. In the classical framework the hyperparameters
are estimated by a maximum likelihood procedure, as
described in equations (43) angd (44). On the other hand,
the bayesian approach uses variance learning and discount
factors when dealing with the variances.

Let us consider the simplest dynamic linear mode]
represented by equations (53) and (56). The observational
variance V 1is estimated sequentially as new observations

become available.

Yt = 06t + vt (53)
0t = Ot-1 + Wt (54)
vt - N (0, V) (55)
Wt ~ N (0, Wt) (56)

The point estimate of V is St-1 defined by equations
(57) to (59). The updating equations now 1include the
updating equation for St-1. As more observations become
available we correct our previous estimate of V. Note
that nt represent the degrees of freedom at each time,

but d¢ is not exactly the residual sum of squares. If

St-1/Qt = 1, then dt is the residual sum of squares.
St = dt/nt (57)
Nt = Nnt-1 + 1 (58)
dt = dt-1 + e: St-1/Qt (59)

et one step forecast errors (Yt - Yt)

Qt = variance of the one step forecast



A correction is made every time the squared

residuals is different from its
2

E(et) = Qt. Note that since dt = Nt St, equation (59) can

expected value, since

be rewritten as

2

NtSt = Nt-1St-1 + S¢- et /Qe
2
NtSt = (Nt -1)St-1 + St-q et /Qt
2
St = St-1 + St-1/nt [( et/Qt) - 1]. (60)
2
Every time et = Qt there will be no correction in the

estimated variance. If the Square residuals is greater
then 1its expected value the expression 1in brackets 1in
equation (60) will be positive and then estimated
variance will be corrected upwards and vice versa. To
start the estimations some value for So must be
available.

The evolution variance Wt is not directly estimated.
Ameen and Harrison (1984, 1985a, 1985b) show how the
estimation of Wt can be replaced by choosing a discount
factor 0 <6 < 1. The discount factor can be regarded as

describing how fast the system 1is changing. It tells us

how informative an observation is as it ages. If &§ = 1,
or equivalently W = 0, we have the fixed parameters
mode1l.

6) Autorearessive Residuals

It may be the case that after the estimation by the
Kalman filter evidence of residual autocorrelation is

found. The model should then be augmented in order to
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account for the presence of serijajl correlation. Consider

the following augmented mode 131

Yt = X' Bt + €¢ (61)
t

Bt= Bt-1 + ut (62)

€t = P €t-1 + Mt (63)

where "t 1is white noise error.

This 1is a simplified version of the state space
model of equations (27) and (28) that 1includes first
order autocorrelated residuals. Apart form the residual
autocorrelation, all other hypotheses related to the
state space model are maintained. 1In addition we also

assume that

E (M, uj) = 0 for i, J =1, ..., T

E (m, Bj) 0 for i, 3= 1, ..., T

E (Bo, ) 0 for t=1, ..., T.
t

Using (61) and (63) we can then write the quasi first

differences as

Yt = o Yt-1 + X’ Bt - X' p bt-1 + 7Mt. (64)
t t-1

Let us define

P 0
8¢ = B » L = [Yt—1 X¢ X€-1] and & = Ye
L “PU

The state space model can then be written as

31) For an application of this kind of model, see Wolff
(1985).



Yt Z’ &t + m¢ (65)

t

St

St-1 + &t (66)

Equations (65) and (66) can then be estimated using
the Kaiman filter. In the model above p is Supposed to be
fixed. It can be estimated by a recursive procedure from

the filter residuals in a Cochrane-Orcutt fashion,

7) Recyrsive Least Squares

The recursive least squares estimation can also be
performed by the Kalman filter once the relevant model is

cast in the state space framework. Note that in this case
the true parameter is not time varying. Therefore, one
should expect to see the state vector settling down to a
constant as more data are used. The Kalman filter is 1in
this case simply an algorithm for repeating the OLS
estimation as the sample size increases.,

Consider the simplified state space model

Yt = X’ Bt + € (67)
t

Bt = Bt-, (68)

where €t ~ N(0,02) and Bo = Bt-m - N(Bt-m, St-n).
Therefore, after using the first m observations to

obtain the 1initial conditions the filter can then be

started. The updating equations are given by

bt-1 = (X'X);!, (X'Y), _,

bt/t-1

az(x’x):1

2t/t-1 = Zt-1q

while the prediction equations are



by= by _,+ ke LY - Xs By, vy ]

- - -1 ’
zt" zt/t-1 zt/t—1 tht X zt/t-1
where,

-1

ke= )01 X £

t
f=0° [1+ X (xX'x)_' x 1
t t t-1 "¢ ¢

8) ARIMA Models in State Space Form

As we have said before, ARIMA models can also be
easily cast in the state space framework and, therefore,
estimated by the Kalman filter,32 Consider the AR(2) model
Yt = &1 yt-1 + @2 yt-2 + nt.

Its state space representation can be written as

ve= [ 1 0] [B”J

In this case the Mt matrix is not known and, therefore,
will have to be estimated using the maximum 1likelihood
approach described before.

Unfortunately the state space representation is not
unique. Consider the ARMA (2,1) model
Yt = d1 yt-1 + P2 yt-2 + €t 61 €¢.

The model above can be represented as

32) For more details of how ARIMA modql can be 1n state
Space form see Priestley (1981) and Akaike (1976).
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321:
———— —————
X, B,
2t ¢2 ¢1 621:-1 1
;V——J — v J — v J \ )
ﬁt Mt Bt-1 Rt

Let us now consider the general case of a ARMA
(p,q)33
Yt = O1Yt-1 +...+ Pmyt-m + €t + 01€t-1 +...+ Om-1€t-msq
where m = max(p,g+1). The state space representation for

the general ARMA model can be written as

- -
ﬁ‘lt

.BntJ

33) The ARIMA representation «can be obtained by

Substituting yt by zt, where zt = Ayt.



[ 8, , ¢, | 8, ] [ 1]
= ?2 | Tn- s . + ?1 €
: i : : .
L Bmt i L ¢m : 0’ . L Bmt-l e L om—‘lj

9) Unobserved components Models

In this framework a time series s modeled by

decomposing it into its basic forming elements. That s,
it 1s decomposed 1into a tendency (ut), cycle (¥t),
seasonal (7t) and irregular (€:) components.

Yt = Mt + Yt + T + €¢

Note that the components themselves are time varying.
That 1is, the model allows for a changeable tendency,
cycle and seasonal pattern.

The compliete model should specify also the behaviour
of each one of the 1individual components. A complete
treatment of unobserved component models is beyond the
scope of this thesis. Therefore, we will concentrate on
the case of the "basic structural time series model" .34

In "basic structural time series model” only three
components are used since the cycle component is omitted.
The tendency 1is modelled as a random walk with a time
varying drift while the drift itself is a random walk.
The seasonal component is modelled by a combination of

sine and cosine waves. The model can be express as

34) The trend plus cycle model is discussed in Portugal
(1991). A complete discussion of unobserved components

models is found in Harvey (1989).
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yt: u't+ 7t+ et

He= By gt ﬁt-1+ N,

_ (69)
61:— Bt-1+ S.t
s/2
1.2 2],
j=1

where W;jis formed by

[7“ J _ [ cos A; sin A, ] [7”-1 J . [wjt J (70)
7;t -sin Aj cos Aj 7:t_1 w:t

and €., M. and §t are all normal with variances 0:, 0: and
oi, w, and w: are normal with a common variance 05, Aj
is the fregquency and 7:t appears by construction.

To simplify matters Jet us suppose that we are
dealing with quarterly data, so that s=4. Therefore, the
frequency X = 27j/4 for j = 1, 2, which gives A=m, m/2.

J J
Using some basic trigonometric results we can rewrite

(62) as

*
Tyt 71t-1+ W, ¢
* —
Tie= -~ 71t-1'+ Wt

(71)

Toe= Yoe-4* W, .

*
Yoo = - Yoe -1 % W, ¢

The state space representation of the equations (69)

and (71) 1is

ve=[10100] o+ ¢,

[RV]



™ 1000 o] [u.. 1 T n,
8
. O 1 0 0 0 o0 B, . <,
a - 7lt _ |0 0 0 1 0 o Yot | o |,
-— * *
7. 0 0-1 0 0 o0 T W),
Y, 0 0 0 0-1 o0 . W, ,
* * *
L%l L0 0 0 0 0o-1 [ | [ w,, |
10) Smoothing

Until now we have been dealing with filtering. 1In
this section we shall discuss the opposite problem, that
is smoothing. The Kalman filter 1is a forward looking
algorithm that produces estimates of the state vector at
time t using all the information available until time
t-1. The smoothed estimates, on the other hand, use al}
the information in the sample. It starts at time T and
goes backwards giving the best estimations for time T-1,
T-2 and so on. The smoothing algorithm is started by br/r
and 2r/r given by the Kalman filter and works backwards
until t=1,

Let btyv and Zt,v denote the state vector and
covariance matrix smoothed estimators, Then, the

smoothing equations can be written as

*
bt/T = bt + 2t (bt+1/T - My bt)
and

b s E*'
2t/T = Zt + Zt (zt+1/T T St i1/t ) t
where
* ’ -1 _ _

Se= B, ML, S0, . t= T-1, L.,

This 1is the optimal fixed interval smoother. There

are other smoothing algorithms that can be used but the
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fixed point Smoother seems to be the most popular in

econometrics.35

IV) Irending Variables. Unit Roots and Cointegration

Until recently it was quite common to assume at
least weak stationarity when estimating regression
equations. Nevertheless as, Granger pointed out some time
ago, most economic time series have a "typical spectral
shape”, with most power concentrated at low frequencies.
That 1is, they exhibit a strong trend and, consequently,
are non-stationary.3¢ In terms of import demand equations,
several authors have acknowledged the presence and
importance of trends. Following Khan and Ross (1975) they
have tried to model separately the "secular" and cyclical
features of import demand.

Differencing the data to remove the trend in a Box
and Jenkins fashion does not seem to be the solution. By
differencing all the data prior to estimation the long
run properties of the model are lost. A better approach
is to tackle this problem within the model and not in the
context of the variables themselves.

The theory concerning integrated and cointegrated
series and their relation with the error correction

mechanism is now well known and, therefore, will not be

35) See Anderson and Moore (1979) for a description of
other smoothing algorithms.

36) See, Granger (1966) and also Granger and Newblod
(1974). A more recent discussion of this prqb1em, w1th
tests for unit roots for many macroeconomic time seri=s,
can be found in Nelson and Plosser (1982).



reviewed in detail here,37 Rather, we shal] concentrate
only on some points related to the estimation of the
error correction vector and recent developments that

extend the cointegration jdeas to seasonal series.

1) Ihe Engle-Granger Procedure

Let us start by defining a integrated series of
order d, say I(d), as a series that needs to be
differenced not more than d times to become stationary.

Xt -~ I(d)

The primary problem of dealing with I(d) series is
that the wusual statistical properties of the first and
second moments do not hold. Thus the usual distributional
theory cannot be used. A different distributional theory
s needed for non-stationary series.

Note that as a linear combination of I(d) series is
also I(d), the error term in a regression involving I(d)
variables is going to be I(d). Nevertheless, there may be
a linear combination of I(d) series that 1is I(d-b) for
b > 0. 1In that case the series are said to be
cointegrated. Let us assume that d = b = 1, then

xt ~ I(1) and yt ~ I(1)
but
Zt = yt - a xt - I(0)
where a is the cointegrating vector.
The relation between cointegration and the error

correction mechanism was established by Engle and Granger

37) For a discussion on this Qquestions see Engle and
Granger (1987) and Hendry (1986).
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(1987). They proved that there exists an 1isomorphism
between the error correction mechanism and cointegrated
process. The Granger Representation Theorem shows that iif
two series are cointegrated, then there exists an error
correction mechanism and vice versa,

Engle and Granger (1987) suggested a two step
procedure when dealing with an error correction
mechanism. In the first step, the cointegrating vector,
containing the long run coefficients, is estimated from a
static regression 1in levels. In the second step, the
error correction term, that is the residuals from the
first step, is used in a equation in differences to
obtain the impact coefficients.

The interesting feature of this procedure is that
both steps only involve single equation estimation by
least squares. In the first step, using I(1) series, all
the long run information is extracted and considerations
about dynamics are ighored. Moreover, as a by-product of
this first step one obtains the cointegrated regression
Durbin-Watson that is used as one of the tests for
cointegration.3s

The dynamic structure 1is incorporated only 1in the
second step when the variables appear in differences,
While the restrictions on the levels from the first step
are incorporated through the error correction term.

Stock (1987) has shown that the coefficients from

the first step are not only consistent but in fact “super

38) Since unit root tests are re1at1ve1y'we11 known and
also because of space restrictions we will not discuss

sSuch tests.
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consistent”, converging faster to the true parameter.

This is a important resuilt because it allows us to regard
the estimated error correction vector from the first step
as the true one when performing the second step. This
result Jjustifies the omission of the dynamics 1in the
first step and the incorporation of the cross equation
restrictions through the error correction term only in
the second step.

Although there seems to be no problem in large
samples, Stock (1987) also finds evidence of a Sizeable
small sample bias. This bias is specially relevant in
cointegrated regressions with a low R2Z2,

Nevertheless, there are some points that are
overlooked by the two step procedure. Firstly, if one has
more than one explanatory variable, as is often the case,
there may be multiple cointegrating vectors. Therefore
the Engle-Granger procedure will result in the estimation
of a linear combination of different cointegrating
vectors. Only 1in the special case when all cointegrating
vectors are equal will the two step procedure lead to a
sensible result.

Secondly, many economic time series exhibit a
seasonal pattern. In frequency domain terms an I(1)
series has a peak at Jlow frequencies, that 1is the
behaviour of the series, specially its infinite variance,
Comes from the contribution of the 1low frequencies, or
long run part of the series. An analogous case happens

when there 1is a peak 1in the seasonal frequencies.

Therefore one should ask not only if two series are

o
o



cointegrated in the usua] sense, but also if they are
seasonally cointegrated,

These two aspects concerning multiple cointegrating

vectors and seasonal cointegration are discussed below.

2) The Johansen Procedure

Recently, a new procedure has been proposed to find
the cointegrating vector allowing for the possibility of
more than one vector.3® The Johansen procedure was first
put forward by Johansen (1988). The critical values for
the test of multiple cointegrating vectors, as well as a
practical application to the demand for money in Denmark
and Finland were presented by Johansen and Juselius
(1990).

The starting point is a p dimensional vector
autoregressive representation

A(L) Xt= €
where €t ~ NIID(0,Q).
Let us rewrite the VAR as
Xt = A1 Xt-1 + A2 Xt-2 +...+ Ak Xt-k + €t
or
AXt = ThAXt-1 + F2AXt-2 +...+ Tk-1AXt-k-1 + DkXt-x + €t

where I'i = = I + Ay +...+ Aj for i =1, 2, ...,k

$O0 that - Ik A(1) = = I + A1 + A2 + ... + Ax.
When I'n has either zero or fulil rank, we are 1in the

usual cases of a VAR in differences or a stationary Xt

39) Dickey and Pantula (1987) also provide a test for
multiples cointegrating vectors. Because of space
limitations and as it is based in the well known Dickey
and Fuller framework of estimating auxiliary regressions,
we will not discuss it here.
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given a VAR in levels. The interesting case is when the
rank(I'n ) = r for 0 < r < P, that is I'k is less than full
rank. So let us assume that J1A(L)I has unit roots, so

that the cointegrating matrix A(1) is less than full
rank.

So far there 1is no substantial difference from the
Engle-Granger approach. As they pointed out, if a vector
is cointegrated the VAR either in levels or in
differences will not be an appropriate representation of
the data generation process. A VAR in levels will not
take into account the fact that variables are integrated,
therefore omitting important constraints, while a VAR in
differences will be misspecified, given the omission of
the term in levels, that is the error correction term.

The existence of multiple cointegrating vectors can
be formulated as the hypotheses that

'k = aB’
where B8 1is a pxr matrix that has the cointegrating
vectors in its columns and @ 1is also a pXr matrix
containing the feedback effect or the loading vector as
Johansen calls it.

Johansen suggests starting by isolating the Tk
influence using partitioned regressions and then using
the result to make inference on 'k by likelihood methods.
Two auxiliary regressions can be estimated. First regress
AXt on AXt-1, AXt-2, ..., AXt-k-1 , and then regress
Xt-k on AXt-1, AXt-2  ,..., AXt-k-1, to obtain the
residuals Rot and Rkt, respectively. These two quantities

are AXt and Xt free of the influence of the other

13-



variables involved. An eventual regression of Rot on Rk t

would be actually the Same as regressing AXt on Xt

without the influence of the other variables in

differences.

The problem 1is then to maximize the 1ike1ihood

function
L(x,8,0)=
T
IQ1-T/2 exp{-1/2 Z(R0t+aﬁ’Rkt)’Q“ ((Rot+aB’Rkt )}.
t=1

The 1ikelihood function can then be concentrated in
terns of the parameters of interest, that is the
cointegrating vector matrix B. Taking the first
derivative of the 1likelihood function with respect to
and & one obtains the well known results

6(5) = Soo - Sok B(B’SkkB)-' B’Sko
& (B) = - Sok B(B’SkkB)-1

T
where T-1 > RitRjt for i,j = 0, k.
t=1
That is, Si;j 1is the product moment matrix of the
residuals.
Using the expressions for ,6(6) and &(ﬁ) one can
then concentrate the likelihood which is now proportional

to IQi-ts2,
Le(B) = ISoo - Sok B(B’SkkB)-1' B’ Skol

Because of the proportionality, maximizing the
concentrated likelihood is the same as minimizing I1Q(B8)I.

The estimation of B8 can be more easily achieved by the
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minimisation problem. Given Someé matrix relations the
above expression can be rewritten as

1 (B’SkkB - B’Sko S;; SokB)l / 1B'SkkBI
which has to be minimized with respect to 8.

As shown by Johansen (1988) this entails the
calculation of the eigenvalues of sko S;; Sok with
respect to Skk, that is

I A Skk-Sko SO;1SOR| = 0.

The problem with the formulation above 1is that it
s not a standard eigenvalue problem. Johansen and
Juselius (1990) have shown that by using the Cholesky
decomposition of Skk = C’'C for some non singular pxp
matrix C, the same eigenvalues can be found by solving

I AT - C-' Sko S;; Sok C’-'1 = 0.
Although the eigenvalues are the same, this expression
will give different eigenvectors e1, ez, ... y e . Thus
they will have to be transformed as C’-'e.

Putting the problem in these terms is qQuite useful
since most econometric programs will be able to solve the
above equation.

Let us then put the estimated eigenvalues
;1 > 32 > ;p in this decreasing order into a diagonal
matrix D, and the corresponding eigenvectors in a matrix
E, then

Skk ED = Sko S;; Sok E
where E is normalised such that E’SkkE=I.
Then the estimator ; is given by the first r coJumns

of E, that 1is the first r eigenvectors of Sko Soo Sok

With respect to Skk. As the eigenvectors are normalised



by the condition B8’Skx B = I, the solution for &, Ek and

A

1l is
@ = - Sok B(B’SkkB)-1 = -Sok B
'k = a B'= -Sox B B’

= Soo - Sok B B’ Sko = Soo -~ a a’,

The final point is how to find r, the number of
cointegrating vectors. This is done by a likelihood ratio
test. The test that there exists at most r cointegrating
vectors is applied sequentially for decreasing values of
r. Therefore, if there are four explanatory variables one
should start by testing for at most four cointegrating
vectors. If it is accepted then test for at most three
cointegrating vectors and so on.

Johansen and Juselius (1990) and Johansen (1991)
provide two tests, as well as their critical values, for
the number of cointegrating vectors. They are the trace

and Amax tests. The trace test is defined as

p
-2 In(@) = -T > (1-%1).

i=r+1

The dmax test is simply the difference between successive

trace statistics.

3 ) s ] : . I I )
So far we have been dealing with cointegration

applied to trended variables. In other words, how to deal



with variables that are trended but have a specific
linear combination that is not trended. The same kind of
question can be addressed to seasonal series.

In frequency domain terms, an I(d) series has a peak
at low frequencies. Similarly, a seasonally 1integrated
series, say SI(ds), has a peak at seasona] frequencies.
As before, if two variables are seasonally integrated of
order d but there exists a Jlinear combination of them
that is seasonally integrated of order ds-bs for bs > 0,
these series are said to be seasonally cointegrated.
Taking again the case where ds = bs = 1 one can write

Xt - SI(1) and vyt ~ SI(1)
but
Zt = yt - a xt ~ SI(0)
where a is the seasonal cointegrating vector.

This question has been analysed by Dickey, Hasza and
Fuller (1984), Engle Granger and Hallman (1989) and
Hylleberg et alij (1990).

In terms of testing for seasonal unit roots the
problem can be seen as testing for a polynomial (1-L4),
as the usual test for unit roots involve testing for
(1-L). Dickey, Hasza and Fuller (1984) have offered
tables with the critical values for such a test. As the
usual DF test it is based on the auxiliary regression

Asyt = B yt-4 + €t

The test for seasonal unit roots is then a "t-test"”

on 8 ., If the residuals are not white noise the test can

be augmented by adding extra lags of A4yt.
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The problem with this approach is that it only tests
for seasonal unit roots at all frequencies. The test is
actually a joint test. The possibility of having seasonal
unit roots at only some frequencies is not contemplated.
Such a test is provided by Hylleberg et alii (1990).

Let us start by defining a series as being
integrated of order d at frequency 6 if it has a spectrum
f(w) which takes the form

f(w) = ¢ (w - 6)-24d
for w near 6. In their notation this is denoted Is(d). 1In
the usual case of a peak at the zero frequency we write
Io(d).

Consider now a series with peaks at seasonal
frequencies ws = 27j/s for J = 1, 2, - yS/2.
Concentrating on the quarterly case we have 7/2 (one
cycle per year) and @ (two cycles per year). A vector xt
which has all its components 1Ie(d) is said to be
cointegrated at that frequency if there exists a vector
be such that

z® = xt be
is integrated of order lower than 4. Finally, to unify
the notation, a series that is Io(d) and SI(ds) can be
denoted by SI(do,ds).

To derive the test for unit roots let us consider an
Xt series generated by

(1-L4) xt = €.
The polynomial (1-L4) can be factorized as

(1-L4) xt (1-L) (1+L+L2+L3) xt

(1-L) (1+L) (1-L?2) xt



= (1-L) S(L) xt.

Normally, inference is based on (1-L) to see if Xt
is integrated. Hylleberg et alii (1990) suggest to do
inference on S(L) also to look for seasonal unit roots.
So the objective is to test for the roots +1, -1, +i and
-1, which solve the above polynomial.

To perform such a test it is suggested to estimate

X4t = T Xit-1 + M2 X2t-1 + 73 X3t-2 + M4 X3t-1 + €t
where
X1t = (1 + L + L2 + L3) x¢
X2t = —(1 = L + L2 - |3) xt
Xst = —-(1 - L2) xt
Xet = (1 - L%) xt.

The estimation can be done by least squares, using extra
lags of x4t to ensure that €+ is white noise.

The test for the roots +1 and -1 is done by testing

whether Mg = 0 and 72 = 0, respectively. For the
complex roots +i and -i we need to test jointly 3 = 0
and 4 = 0. Therefore, if M2 and either 7#3 or 7 are

different from zero there will be no seasonal unit root.
On the other hand if 7m1 is different from zero there will
be no unit root associated with the trend. Therefore, to
establish if a series has no unit roots at either
seasonal or zero frequency, being then stationary, one
must test that each of the ns, except for either 73 or
Ms, 1is different from zero. The tables with critical
values to test the 7As is provided by Hylleberg et alii

(1990).
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Given these considerations about seasonal
cointegration changes should be made in the Engle-Granger
procedure. As Engle, Granger and Hallman (18989) have
shown if there exist seasonal unit roots the coefficients
in the cointegrated regression are no longer super
consistent. The sSuperconsistency result wil] hold only
under the restriction that both cointegrating vectors, at
zero and seasonal frequency, are equal.

An alternative would be test for seasonal unit roots
first and then, if any are found, use a filter to remove
their effect before applying the Engle-Granger procedure.
A possible choice of filter, if seasonal unit roots are
found 1in all seasonal frequencies, is (1-L4)/(1-L).
Therefore, one would generate new variables

a

xe = [(1-L4)/(1-1)] x¢ and ye = [(1=L4)/(1-L)] ye

a a

and then apply the two step procedure on xt and yt. If
there is a seasonal unit root only in some specific
frequency the appropriate filter, suggested by the test,
should be used. In the quarterly data case either
(1+L)/(1-L) or (1+L2)/(1-L). The problem with this
approach 1is that the consequences of pre-testing for
seasonal unit roots on the Engle-Granger procedure are
not known.

Another problem is that although one can test each
series for seasonal unit roots, there 1is no available
test for seasonal cointegration. Testing the residuals of
the cointegrated regression is obviously not satisfactory

Since the superconsistency result is lost when seasonal

L)
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unit roots are present. The test proposed by Hylleberg et
alii (1990) would possibly have to be changed, or at
least the critical values would be different.

A possible test for seasonal cointegration would be
to estimate a "seasonal cointegrated regression”, after
removing a possible zero frequency unit root, and then to
test the residuals. Thus one could estimate

s-2

Axt = zg a5 Ayt-; + €¢

j=0
and then test €t for seasonal unit roots 1in the same
approach proposed above. The problem is that in this case
the critical values provided by Hylleberg et alii (1990)
are no longer applicable. Changes would have to be made
to allow for the estimated as.

Finally, it should be noted that seasonal
cointegration tests, as in the case with tests for
cointegration at zero frequency4®, are troubled by
structural breaks. Hall and Scott (1990) show that

changes 1in the seasonal pattern may 1lead to a S(1,1)

result when the series is actually S(1,0).

4) Encompassing
Encompassing tries, basically, to provide a

framework for model comparison. The idea that new models

should account for previous models findings was first put

40) Perron (1989) has shown that an I(0) series with a
shift in the mean may come out as an I(1). He proposed
Some unit root tests that account for structurq1 breaks,
based on a graphical inspection of the series. More
recently, Zivot and Andrews(1990) have deve]gped a
variant of this test that endogenises the break point.



forward by Davidson et alii (1978) and 1later formalised
by Mizon (1984) and Mizon and Richard (1986).

Let us follow Hendry (1988) and put the problem 1in
terms of comparing two non nested models M1 and M2. These
models have parameter vectors « and B8 while the data
generation process actual parameter vector is 6. Both «
and B8 are functions of 6 since they are simple tentative
ways of approximating 6. Let us denote these functions by
a(8) and B(6). Suppose, for the sake of argument, that My
is the true representation of the data generation
process. One can then obtain B(a), which represents how
M1 would anticipate M2 when My is the true representation
of the data generation process.

Let ¥ = B(6) - B(a(8)). The first term tells us how
B is anticipated given 6 while the second term indicates
how B is anticipated by «, which is a function of 6. If
this difference, called the population encompassing
difference, is zero then M encompasses M2, or Mi € Mz,
On the other hand, if M1 £ M2 then there are some
features of the data generation process reflected by M2
that are not accounted for by Mi. If M1 € M2 then M2 1is a
redundant model, it provides no extra information in
relation to Ms.

Although M1 and Mz are non nested it is possible to
find another model Mm, the minimal model, in which M1 and
M2 are nested. The obvious choice in the regression model
is a combination that accommodates, without repetition,

all variables present in M1 and Mz.
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Obviously Mm € M1 and M, € M2 since Mm contains both
models. To account for the degrees of freedom correction
one can use the concept of parsimonious encompassing.
Then, if M1 €p Ma it must be true that M1 € M, since the
only extra source of information present 1in Mwm, apart
from M1, is that of M. Actually, in 1linear models
Mi € M2 if and only if M1 €p M.

Several encompassing tests have been proposed in the

literature. We are going to highlight five of them. 4

1) Ihe Cox Test

This is a variance based test. The central idea is
that if M1 is true then M2 should give a poor fit. The
test statistic 1is the difference between the maximised
log likelihood under both hypotheses, less a estimate of
how much this difference is expected to be under the
hypotheses that M1 1is true.42

To= [ L1tmax - Lzmax] - E1 [ Limax = L2max]

A significant negative value for the statistic
implies that Mz fits much better than would be expected
1f M1 were true. In the 1linear regression case the test

statistic Do = To / SE(To) is asymptotically a N(0,1).

To = n/2 log (02/02)
2 1

where 02 is the actual error variance in M2 and af 1s
2

the error variance that M2 would have if Mi were the

correct model.

41) Two references that present different encompassing
tests are MacKinnon (1983) and Ericsson (1983). ‘

42) The peculiar notation used here follows Ericsson
(1983).
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i1) Ihe J Test
Now consider the two models
Mi: y = X1 a1 + uj ur -~ N (0, 02 1)
1
M2: y = X2 az + uy» uz ~ N (0, 02 1).
2

For simplicity let us assume that there are no common
elements in X1 and X2. A combined model can be written as
y = (1-8) (X1 @1) + 8§ (X2 az2) + €
and the null hypothesis that § = 0 corresponds to saying
that M1 is true or Mi € M2. In finite samples there will
be of course more than just two values (0 or 1) for §,

that is the discrimination will not be perfect.

The suggestion is then to use the fitted value of M3
in the composite regression. Under M2, Xzaz may be
approximated by its estimated value, The combined
regression is then

y = (1-8) (X1 a1)+8;+v
At test can then be performed to test the nuilil
hypothesis that § = 0, that is the forecast given by M2
does not offer any new information about y. If we accept

that & = 0 then Mi € Mz, if the null is rejected

then M1 € M2.

11i1) The F Test
An alternative test is to perform a F test on the

combined model, to test the Jjoint hypotheses that

a2 = 0. Since both models are nested with the combined



model this 1is just a usua] F test. If the models have any

common variable repetition should obviously be avoided.

iv) Ihe Saragan IV Test

Sargan has proposed a test for over identified
restrictions after estimation by instrumental variables
that can be used for encompassing test purposes. Given a
set of instruments Z with m elements, the test statistic,
which 1is distributed as a X2 with m - ki degrees of
freedom, can be defined as

Ct = y’(N - Q1)y / g2
1

where
N=2 (2’2)-' 72’

Pj

Xi (X’NXi)-1 X’N
; .

1

Qi

N Py

and Sf s the instrumental variable estimator of the
variance in Mi.

In this context Ci can be seen as testing the non
nested hypotheses that Ms encompasses the unrestricted

reduced form equation for Y.

v) The Ericssson IV Test

This test is a variance based test 1ike the Cox test
but is derived using the instrumental variables framework
in the same fashion as the Sargan test. The test
statistic is

Ce =y’ (Qz - P'Q P1)y / oz n'/2,
1

1
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IV) Conclusions

In this chapter we have presented different
procedures to estimate time varying parameter models. In
terms of the random models, the superiority of the Kalman
filter is quite obvious. Not only the computational costs
are small, because there is no need for sequential matrix
inversion, but also it provides a natural way of
estimating the parameter covariance matrix and to carry
out the decomposition of the prediction error.

The comparison with the systematic parameter
variation models is not so straightforward, but the
Kalman filter seems aliso to be superior. A systematic
parameter variation could be accommodated in the Kalman
filter framework using the input vector ct. It also
avoids problems such as the unboundedness of the
lTikelihood function.

The Kalman filter seems to offer a complete and
flexible framework for dealing with the problem of
Parameter variation. It can be used in both classical and
bayesian frameworks. The main difference between these
two approaches is the way the variances of the random
walk processes are estimated. In the classical framework
these hyperparameters are estimated using a maximum
likelihood method, while 1in the bayesian case the
Observational variance is estimated by a learning process
and the question‘of estimating the evolution variance is
dealt with by choosing discount factors for the different

parts of the model.

14.
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On the other hand, we have also presented a
discussion of some aspects concerning unit roots,
cointegration and the error correction mechanism. Since
many economic variables are I(1), the error correction
mechanism seems to offer a simple and efficient way to
estimate the short and Tong run elasticities.

The Kalman filter and the error correction mechanism

will play a crucial role on the estimations performed in

the next two chapters.
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CHAPTER VY

ESTIMATIONS OF IMPORT DEMAND EQUATIONS

I) Introduction

In this chapter we present the empirical results for
different models of imports demand. We concentrate on
single equation models. Since Brazil can be considered a
small country only the demand equation needs to be
estimated. Prices in international markets are supposed
to be unaffected by the Brazilian actions. Therefore, the
supply curves are taken to be completely elastic. The
imperfect substitute hypothesis is adopted and,
additionally, we also assume absence of money 1illusion
and homogeneity between price and tariffst.

We start with a fixed coefficient model. Most of the
work that has been done on import demand has implicitly
or explicitly assumed stationarity. In the fourth
Chapter we have included some discussion of how to deal
with non-stationary series and 1in this chapter the
estimation of an error correction mechanism for Brazilian
import demand is presented.

The advantage of using an error correction mechanism
s that economic theory 1is used to establish only the
long run relationship between the variables, while the

short run dynamics is data determined. We start with a

1) For a more complete discussion of different trade
models see chapter two.
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general model and after successive restrictions that are
data acceptable end up with a simpler model.

After presenting and discussing the results of the
fixed coefficient models, we then turn to the time
varying parameter model. The econometric techniques to
handle this kind of model was discussed in chapter four.
Basically, the coefficients are allowed to follow a
random walk and the Kalman filter is used to obtain the
time path of the coefficients. We try to keep the same
structure that we had for the fixed coefficients mode1l,
especially with respect to the error correction approach.

We use not only data on total imports but also on
intermediate and capital goods imports. For each of these
categories quarterly and annual estimations are
presented.

The chapter has another three sections. In the next
section we discuss the results of the fixed coefficient
models while in the third section the empirical results
of the time varying models are presented. In both cases
there are two sub-sections, one presenting the annual
estimations and another with the quarterly results. 1In
each of these sub-sections the imports of total, capital
and intermediate goods is treated separately. The last

section contains the conclusions.

I1) Fixed Parameter Models

In most of the current econometric literature, the
Cointegration techniques, briefly outlined in chapter

four, have been used to deal with the modelling of long
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run equilibrium and short run dynamics.2 In this section
we present the results obtained from applying this
technique to Brazilian import demand for total,
intermediate and capital goods.

We first test the series for the order of
integration using the cointegrated regression
Durbin-watson (CRDW), Dickey-Fuller (DF) and augmented
Dickey-Fuller (ADF) tests and the Phillips and Perron
test (PP)3. The tests were performed in all three
versions, that is, without constant, with constant and
with constant and trend. To save space though, the DF and
ADF tests are presented in the version without constant
or time trend while the PP test presented is calculated
from an auxiliary regression with a constant.4 The time
trend was not included because graphical inspection of
the series pointed to a random walk without a drift
process.

The cointegrated regression is estimated to obtain
the long run elasticities and tests for cointegration are
presented. The error correction equation is then
estimated in a general to specific framework to obtain
the short run dynamics. When possible encompassing tests
are performed. We started with four lags for the

quarterly data estimations and two lags for the annual

2) A application of the Johansen Procedure to import
demand equations can be found in Urbain (1989).

3) The critical values for these tests can be found 1in
Sargan and Bhargava (1983) and Fuller (1976).

4) A description of these tests can be found in Fuller
(1976), Dickey and Fuller (1979,1981), Phillips (1987)
and Phillips and Perron (1988).

148



data estimations and tested down to find the more
adequate model.5

The Johansen procedure is also used and the results
are presented in appendix V.1. No evidence of multiple
cointegrating vectors is found and therefore we decided
to retain the Engle-Granger methodology. It should be
said though, that some discrepancy 1in the estimated
cointegrated vector exists between the two methods. It 1s
sometimes claimed that the Johansen procedure gives
better results since it is a maximum likelihood process
and also because it avoids a possible small sample bias
that may be present in the Engle and Granger estimate$.
In our case though, as we intend to use cointegration in
a varying parameters framework the Engle and Granger two

step procedure is the logical option.

IT.1) Quarterly Data Estimations

As noted in the fourth chapter the question of unit
roots is not confined to trended variables. The same type
of analysis can also be applied to seasonality.
Therefore, before testing for unit roots at the zero
frequency one should test for the presence of seasonal
unit roots.

Tests for seasonal integration have shown the
pPresence of seasonal wunit roots 1in the output and
capacity utilisation series, while the remaining series

have shown no siéns of it. As the theory for dealing with

5) A1l estimations were performed using RATS 3.11 and
PC-Give 6.01.
6) See Stock (1987).
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seasonally integrated series is not well developed yet we
choose to 1ignore such result. It should be noticed that

in all series 7M1 indicates presence of unit roots at the

zero frequency.

Table V.1

Seasonal Integratijon

T 2 n3 s
lamiqg -0.667 -4.083 -3.016 -2.739
lreréq 0.439 -1.456 -3.025 -4.,787
ly4q 0.742 -3.157 -0.497 -1.281
Tuiqg -0.634 -0.829 -2.849 -5.472
lam2q -0.106 -4.,173 -3.032 -2.641
lrer7q 0.783 -4.402 -3.241 -4.125
ly1qg 0.963 -0.620 -0.188 ~1.281
lu2q -0.532 -0.898 -2.940 -5.729
1dkgq -0.545 -5.274 -2.930 -2.898

The data wused consist of seasonally wunadjusted
quarterly series from 1975 to 1988, except for total
imports where sample period starts in 1976. A full
description of the data and sources can be found in

appendix V.2

1) Import Demand for Intermediate Goods

The table V.2 shows the unit root tests for the
variables used in the 1intermediate goods import demand
equation. The variables in levels are all I(1) and their
first differences are I(0) as expected.

The cointegrating regression is presented in
€quation 1. The values for the price and income
elasticities close to one and the large value for the

elasticity with respect to capacity utilisation are in
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Tine with findings of other authors. Fachada (1990)
reports -0.87, 1.16 and 2.88 for the period 1976-1988,

while Abreu (1986) using data from 1976 to 1985 obtained

-0.74, 1.13 and 1.87.

EQ(1) Modelling 1gm2g by OLS
The sample is 1975(1) to 1987(4)

variable coeff S.E. H.C.S.E. t-value partial r2
lrer7qt -.908 .16730 .19691 ~-5.424 . 3800
lytaqt .972 .19747 .29316 4.924 .3356
Tu2qgt 3.672 .41065 .45170 8.943 .6249
const -11.722 2.06999 2.22185 -5.663 .4005

R2 = 0.770 0 = 0.1349 F(3,48) = 53.51 DW = 0.961

DF

-4.537 ADF= -4.048 PP= -4.63

Table V.2

Unit Root Tests - 1975/1988

CRDW DF ADF PP
lam2q 0.462 -0.167 -0.046 -2.64 I(1)
lrer7q 0.283 0.360 0.382 -1.74 I(1)
ly1q 0.121 1.362 0.828 -2.32 I(1)
tu2q 0.212 -0.158 -0.017 -1.91 I(1)
Algm2q 2.171 -7.949 ~-7.989 -8.83 I(0)
Alrer7g 2.137 -7.771 -4.629 -8.34 I1(0)
Aly1q 2.120 -7.952 -2.111 -9.52 I(0)
Alu2q 1.927 -7.156 -4.,995 -7.22 I1(0)

Given the error correction vector from the above
equation the error correction mechanism is presented in
equation 2, The results below seem to be quite
reasonable. Al11 the variables are significant and have
the expected sign. The Lagrange Multiplier, White and
Reset tests indicate no serial correlation,
heterocedasticity or misspecification. The Chow

forecasting test points to coefficient stability while



the ARCH test shows no indication of autoregressive

conditional heterocedasticity.

EQ(2) Modelling Algm2q by OLS
The sample is 1975(3) to 1987(4)

variabtle coeff S.E. H.C.S.E. t-value partial r2
Alrer7qgt -.889 .16818 .18163 -5.286 . 3884
Alyt1qt . 700 .33103 .26758 2.115 .0923
Aly1qt-1 . 741 .35106 .42984 2.112 .0820
Alu2qt 2.346 . 71531 1.19116 3.279 .1964
ecvt-1 -.539 . 12837 .16563 -4.201 .2862
const -.014 .01590 .01709 -.863 .0166

R2 = 0.708 g = 0.1055" F(5,44) = 21,32

DW = 2.010 RSS = 0.4898
Information Criteria: SC = -4.156 HQ = -4.298 FPE = 0.012
analysis of 1-step forecasts

date actual forecast Y - Yhat forecast SE t-value
1988 1 -.2483 -.1925 -.0559 .1086 -.5141
1988 2 .0451 L1271 -.0820 .1116 -.7347
1988 3 . 1889 .1667 .0223 .1103 .2015
1988 4 .0366 -.0512 .0878 .1100 .7984

Chow (4,44) = 0.38 LM(4) = 2.569 LM(8) = 8.809
ARCH(4) = 1.878 WHITE(10,33) = 1.170 RESET(1,43) = 0.420.
From equation 2 we can see that the impact of the
real exchange rate and real income is wel] concentrated
in the first quarter. In the real exchange rate case the
impact elasticity is -0.889, leaving only -0.019 to be
accounted for later on. A similar but less strong pattern
is followed by the income elasticity. The impact
elasticity is 0.700 rising to 0.741 after one quarter.
Therefore, 76% of the total adjustment happens 1in the
first two quarters, leaving the remaining 24% for later
on. For capacity utilisation, the impact elasticity
accounts for only 64% of the total adjustment, leaving

more than a third of it to be accomplished subsequently.



Finally, although we are using seasonally unadjusted
data the inclusion of seasonal dummy variables does not
appear necessary. It seems that most of the seasonal
behaviour 1in the import series is accounted for by the
seasonality 1in the income variable. The inclusion of
seasonal dummy variables invariably leads to the income
variables becoming not significant. The same can be said

for the other equations below.?

2) Import Demand for Capital Goods

We start by attempting to estimate an import demand
for capital goods in the same fashion as above.
Nevertheless, given the drastic reduction 1in the imports
of capital goods during the period under consideration,
the income elasticity always came out with the wrong sign
for different definitions of income. This 1is a problem
recognised 1in other attempts to estimate an import
equation for capital goods using quarterly data for the
period post 1975.8 In 1988 the quantity of capital goods
imports was 66 % of the level in 1975.

Some authors have suggested that this reduction is
basically related to an import substitution process
related to the Second National Plan of Development
(II PND) that was taking place. The idea is that the
Creation of some new 1industries in the capital goods

sector had the impact of reducing the income elasticity

7) This comment is also valid for the total and capital
goods imports.

8) See for example Abreu (1986), Traslosheros (1986) and
Fachada (1990).



for this type of imports.?® Therefore, alj} econometric
work on the import demand for capital goods has included
some kind of trend variable to account for this fact.

EQ(3) Modelling 1am3q by OLS
The sample is 1975(3) to 1987(4)

variable coeff S.E. H.C.S.E. t-value partial r2
lrer8qt -.477 .11094 .11235 -4.300 .2908
ly4qe 1.254 .25421 .22354 4,932 .3509
lu3qgt -2 .965 .19136 .22532 5.043 .3610
trend -.021 .00278 .00268 -7.635 .5643
const -2.099 1.04566 1.20072 -2.007 .0822

R2 = 0.914 0 = 0.1320 F(4,45) = 118.94

DW = 1.986 RSS = 0.7839

Information Criteria: SC = -3.764 HQ = -3.883 FPE = 0.019
analysis of 1-step forecasts

date actual forecast Y - Yhat forecast SE t-value

1988 1 4.7459 4.6517 .0945 . 1436 .6571

1988 2 4.9207 4.7809 .1399 . 1467 .9529

1988 3 4.8737 4,7973 .0764 .1456 .5249

1988 4 4.8811 4.7010 . 1800 .1484 1.2131

Chow (4,45) = 0.55 LM(4) = 0.468 LM(8) = 5.472

ARCH(4) = 0.944 WHITE(8,36) = 0.972 RESET(1,44) = 1,172,

As a first approximation we follow the same route.
Instead of using an error correction mechanism, we first
estimate an equation 1in levels adding a time trend. We
adopt a general to specific approach, starting with an
equation with four 1lags of all variables and then
searching for a more parsimonious mode]l using successive
tests. The result is presented in equation 3.

The main difference between the above equation and
the ones available in the 1literature is the capacity

utilisation variable that here appears lagged two

9) See, for example, Castro and Souza (1985).



periods, whereas it normally is a contemporaneous

variable. Some encompassing tests can be done since in
this case the dependent variable is the same.
The results are overwhelming in favour of our mode |

(M1). According to each and every one of the tests our

model 1is accepted, that is, it encompasses previous

models.

Table v.3

Encompassing Test Statistics

M1 is: 1gm3qgt on lrer8qgt ly4qt lu3qt-2 trend const
M2 1is: 1gm3gt on Trer8aqt ly4qt lu3get trend const
instruments used

Trer8at ly4qt 1lu3qt-2 trend const Tu3qgt

g1 = 0.1320 g2z = 0.1430 o[Joint] = 0.1330

M1 v M2 Form Test Form M2 v M1

-.754 N(O, 1) Cox N(O, 1) -4.216
.693 N(O,1) Ericsson IV N(O,1) 3.459
.429 X2 (1) Sargan X2 (1) 7.020
.424 F(C 1, 44) Joint Model F(C 1, 44) 8.133

[0.519] Probability [0.007]

The problem with equation 3 1is that the variables
involved are all I(1). Moreover, 1if we assume that, given
the import substitution process and the existing
legislation protecting the domestic production of capital
goods, there exists a “"preference" to buy domestically
Produced capital goods, then the relevant equation to be
estimated is the demand for capital goods. The import of
capital goods would then be just a residual, with only

the excess capital goods demand going to imports. Thus we

h
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decided to focus on the estimation of 3 capital goods
demand equation,10

The problems in estimating the demand for capital
goods for Brazil are tremendous given the total
inadequacy of the data. Therefore, the results presented
here should be regarded as a tentative approximation and
taken with extreme care.

The demand for capital goods was constructed using
the series of production (y3q) and 1imports of capital
goods (am3qg). To create the weights we used the value in
Cr¢$ of the 1imports of capital goods and the production

value of the capital goods industry.

Table V.4

Unit Root Tests - 1975/1988

CRDW DF ADF PP
Tam3q 0.217 -0.882 -1.338 -2.03 I(1)
lrer8q 0.292 0.380 0.345 -2.65 I(1)
1y4q 0.426 0.530 0.483 -2.76 I(1)
1d1gq 0.159 -0.442 -0.704 -1.68 I(1)
Tu3q 0.221 ~0.288 -0.389 -1.83 I(1)
Algm3qg 3.032 -12.662 -6.649 -13.71 I1(0)
Alrers8q 2.166 -7.938 -5.206 -8.07 I(0)
Alyd4q 1.908 -6.760 -2.259 -7.56 I(0)
Alu3g 2.651 -10.200 -5.407 -10.17 I(0)
Aldkgq 1.885 ~-6.895 -6.930 -6.98 I(0)

The key variables to explain the demand for capital
goods are real GDP, the ratio of capital and labour price

and Tevel of capacity utilisation in the economy.!'' The

10) There is another method of dealing with this problem.
One could try to approach this question by using a mode ]
that allows for a fall in the income elasticity. This
Strategy will be used later in this chapter.

11) For a discussion of the different models of
investment for the UK economy see Wallis et alii (1987).

n
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positive relationship between the demand for capita]
goods and real GDP comes from the accelerator model,
while the negative relationship with the capital-labour
price ratio cames from the neoclassical model of
investment.

As far as capacity utilisation is concerned the idea
is that the firm has a planned optimum level of capacity,
so that it increases its investment whenever it is near
this optimum level and ‘vice versa,!2 Alternatively, since
the capacity utilization term can be seen as reflecting
the intensity with which capital is used, 1t serves as a
proxy for depreciation. In both cases the expected sign
of this variable is positive.

The model we estimate here 1is accelerator based,
including also capacity utilisation. The 1inclusion of
the factor price ratio was not possible since such series
does not exist.

EQ(4) Modelling 1dkggq by OLS
The sample is 1975(1) to 1987(4)

variable coeff S.E. H.C.S.E. t-value partial r2
ly4qt .192 .09290 .09983 2.070 .0804
luigt 3.031 .19657 .21187 15.422 .8292
const -9.309 1.02442 1.18580 -9.087 .6276

RZ = 0.829 0 = 0.0879 F(2,49) 119.02 DW = 0.769

DF -3.460 ADF= -2.413 PP = -3.50

The unit root tests applied to the residuals of the

cointegrated regression show that the variables

12) Other variables also have been used when estimating a
demand for capital goods. Leff and Sato (1987) for
example, use variables such as expected rate of inflation
and changes in the credit supply, while Lomax (1990) uses
a profit share variable.



cointegrate. The estimated error correction mechanism
gives reasonable results, showing no sign of forecast

failure, serial correlation, heteroscedasticity, or

misspecification.

EQ(5) Modelling Aldkgq by OLS
The sample is 1975(2) to 1987(4)

variable coeff S.E. H.C.S.E. t-value partial r2

Aly4qt .816 .07415 .085394 11.006 .7205

Aluiqgt 1.075 .22070 .20524 4.873 .3356

ecvt -1 ~-.180 .06391 .07206 -2.819 . 1447

const -.010 .00535 .00545 -1.933 .0737

R2 = 0.809 0 = 0.0376 F(3,47) = 66.33

DW = 2,131 RSS = 0.0664

Information Criteria: SC = -6.336 HQ = -6.429 FPE = 0.002
analysis of 1-step forecasts

date actual forecast Y - Yhat forecast SE t-value

1988 1 -.0480 -.1099 .0618 .038835 1.5925

1988 2 .0472 .0455 .0017 .038157 .0453

1988 3 .0109 .0597 -.0487 .038819 -1.2554

1988 4 ~-.0611 -.1044 .0432 .039432 1.0959

Chow (4,47) = 1,24 LM(4) = 2.959 LM(8) = 8.133

ARCH(4) = 1.112 WHITE(6,40) = 1.532 RESET(1,44) = 0.194.

The most striking feature is the low value for the
feedback coefficient, only -0.180, indicating that only a
small part of the short run disequilibrium is corrected
each period. This result contrasts with the one
pPreviously obtained for intermediate goods. In that case
the feedback coefficient is -0.539. As we are now dealing
With capital investment this result is not surprising,
since a slow adjustment process to the 1long run

equilibrium may be expected in this case.!3

13) Lomax (1990), for example, finds a value of -0.285
for the feedback coefficient for British economy.
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In the short run the effects of changes 1in output
and capacity utilization are roughly the same. Both
impact elasticities are around one. In the 1long run
though, the main determinant of the demand for capital
goods is capacity utilization, having a long run

elasticity of 3.031.

3) Iotal Imports Demand

We tried also to estimate an error correction mode]
for total import demand. The unit root tests show that
all the variables under consideration are I(1) and also

that they cointegrate.

Table V.5

Unit Root Tests - 1976/1988

CRDW DF ADF PP
lami1qg 0.226 -0.332 -0.637 -1.76 I(1)
lreréq 0.732 0.092 -0.056 -3.48 I(1)
1y4q 0.426 0.530 0.483 -2.76 I(1)
Tuiqg 0.181 -0.483 -0.684 -1.88 I(1)
Algmiqg 2.144 -7.516 -6.942 -7.76 I(0)
Alreréq 2.426 -9.022 -4.785 -9.57 I(0)
Aly4q 1.908 -6.760 -2.259 -7.50 I(0)
Alu1q 2.250 -8.032 -3.958 -8.12 1I(0)

The problem here is a possible bias in the income
elasticity. As we have said above, given the wide
reduction in the capital goods imports, all attempts to
estimate a capital goods import demand lead to a negative

income elasticity.'* Therefore, although the share of

14) Again, as noted in the previous section, a time
varying coefficient model may be the answer to this
problem.
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capital goods imports has been reducing 1in the past

years, 1t is still possible that a large negative income
elasticity for these goods would bias downwards the value
for the total income elasticity. This is like a reduced
form effect. The "structural"” model has a demand for
capital goods with a positive income elasticity and an
import substitution policy that 1leads to a declining
share of imported goods in the total demand,

In fact the cointegrated regression shows just that.
The values for the price and capacity utilization
coefficients are in 1ine with results reported by other
authors. The income elasticity though is substantially
smaller than what seems to be the consensus.'S Most
authors, using a time trend, report an income elasticity
around one whereas we obtained 0.344.

EQ(6) Modelling lamig by OLS
The sample is 1976(1) to 1987(4)

variabile coeff S. E. H.C.S.E. t-value partial r2
lrer6éqt -.910 .22579 .21545 -4,032 .2698
ly4qe . 344 .19366 .16898 1.776 .0669
Tuiqge 3.865 .36061 .34058 10.718 . 7231
const -9.338 2.08402 2.22181 -4.481 .3133

Rz = 0.797 0 = 0.1467 F(3,44) = 57.58 DW = 0.835

DF= -3.517 ADF= -2.880 PP= -3.57

In theory it should always be preferred to work with
disaggregated data since it increases the amount of
information available. In practice, however, it has been
argued that disaggregated data wusually have larger

measurement error and also that it increases the risk of

15) For these comparisons see Abreu (1986), Zini Jr.
(1988) and Fachada (1990).
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misspecification. The results presented here seem, at
least as far as the fixed parameter model using quarterly
data 1s concerned, to  point in  favour of using
disaggregated data.

Therefore, 1in terms of policy analysis it seems
clear that the use of an aggregated imports demand
equation should be avoided. The bias will Jead to an
under estimation of the total imports in the long run.

EQ(7) Modelling Algmig by OLS
The Sample is 1977(1) to 1987(4)

variable coeff S. E. H.C.S.E. t-value partial r2
Algmiqgt -1 -.301 .09622 .13659 -3.132 .2190
Algmigt-2 -.261 .09387 .09389 -2.776 .1804
Algmigt-3 . 217 .10254 .09782 2.111 .1130
Alrer6qt -.476 . 14529 . 14043 -3.274 .2345
Aly4qe . 301 . 18831 .24874 1.598 .0680
Aly4qt -1 .932 . 19923 . 24496 4.677 .3847
Aluiqge 2.603 .52257 .54723 4.981 .4149
eCcVt - 1 -.182 .09315 .08421 -1.956 .0986
const -.013 .01155 .01298 -1.117 .0344

RZ = 0.799 0 = 0.0741 F(8,35) = 17.43

DW = 2.068 RSS = 0.1925

Information Criteria: SC = -4.658 HQ = -4.888 FPE = 0.007
analysis of 1-step forecasts

date actual forecast Y - Yhat forecast SE t-value

1988 1 -.2461 -.1418 -.1043 .0786 -1.3260

1988 2 .0686 .0675 .0011 .0827 .0128

1988 3 .1612 .1599 .0013 .0813 .0160

1988 4 .0483 -.0478 .0961 .0832 1.1550

Chow (4,35) = 0.85 LM(4) = 4.156 LM(8) = 16.236

ARCH(4) = 1.945 WHITE(16,18) = 0.616 RESET(1,34) = 0.346.

As far as the error correction equation goes the
main feature is the complicated short run dynamics ind

small value for the feedback coefficient. The presenc= of



terns in Alagmiqg imply a complex adjustment pattern.1s That
is especially true for the income elasticity. The impact
coefficient is 0.300 but it overshoots to 0.841 after one
quarter. For the other coefficients the profile is
smoother but still with some bouncing.

This overshoot of the income elasticity may help to
explain why other authors have come up with a much higher
value for this coefficient. Abreu (1986) and Fachada
(1990) both use a time trend to account for 1long run
changes in the import demand. Therefore, it can be argued
that either the time trend solves the aggregation bias
problem or that their coefficients actually represent or
are influenced by the short run elasticity, or both. In
the case of Zini Jr (1988) such comparisons are more
difficult since the sample period is substantially
different. In any case, as proposed above, the best way

to tackle the problem is to use disaggregated data.

IT.2) Annual Data Estimations

The annual data estimations were performed using
data from 1947 to 1988. The first problem in using annual
data is that homogeneous series are difficult to obtain
for the whole period in guestion. It took some work to be
able to extend the data until 1947. The details on how

the series were constructed can be found in appendix V.2.

16) The actual profile of coefficients is given by the
polynomials ratio. If the equation is written as
YT(L)yt = a(L) x1t + B(L) x2t, the profile is given by

a(L)/v(L) and B(L)/7(L).



The main problem is associated with the capacity
utilization series. This series is only available from
1970 onwards. To overcome this problem we created
alternative measures of capacity utilization and evaluate
which one would be the most appropriate to wuse.
Therefore, before presenting the results for the annual
equations we shall, in the next section, first discuss,
present and compare different measures of capacity

utilization.

1) Different Measures of Capacity Utilization

Measuring the level of capacity utilization in the
economy 1is important not only 1in itself but also because
this variable 1is expected to be relevant in explaining
the behaviour of other economic aggregates. Specifically,
in the case of empirical work on trade equations the use
of such variable has been widespread.!?

The different measures of capacity utilization
available in the literature can be divided into two major
groups according to the way they handle the potential
output. It 1is the potential output that is actually
estimated since the capacity utilization or output gap
are obtained from, respectively, the ratio or difference
between actual and potential output. The potential output
can be assumed to increase at a constant or time varying

rate.

17) See, for example, Abreu (1987), Fachada (1990),
Barker (1987), Braga and Markwald (1983), Kahn and Ross
(1975), and Goldstein and Khan (1985).
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1.1) Measures with a Fixed Potential Qutput Growth Rate

A first measure of capacity utilization can be
obtained by regressing the logarithm of output on a time
trend. That is,

lytla = o + B trend + €
where 1lytla 1is the 1logarithm of real GDP. In this case,
the residual €t can be taken as a measure of the output
gap in the economy.

In this context the key idea is one of normal
output. There exists a kind of natural or normal path
which is represented by the estimated output 1in the
regression above. Therefore, the potential output is not
the maximum output and the actual output can be above as
well as below it. If the residual €t is positive this
implies that the economy 1is overheated and vice versa.
When the actual output is equal to potential output the
residual will be zero, which means that output is at its
normal or nétura1 level.

Using Brazilian GDP data for the period 1920/1988,
we estimated the regression above by least squares. The
data was obtained from IBGE (1990) and Zerkowiski and
Veloso (1982) . The results show the potential output
growing at around 6.0% per year.

lyla = 0.7471 + 0.0599 trend
The residuals, named utia, representing the output gap
are shown in figure V.1.

The variable seems to behave in accordance with

éxpectations. It shows positive values for the 20s while

the beginning of the recession after 1929 1leads to a
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reduction 1in the output gap that reaches itg lowest
negative level in 1932. The economy overheats again 1in
1937 and then slumps until the end of the second worild
war to its all time 1low. The post war prosperity is
acknowledged by the reduction 1in the negative gap until
the economy overheats again in 1961, With the recession
of the 60s the output gap goes down to a new trough in
1967 to then recover again until 1980 when the recession
leads to its reduction.

A slightly different approach is to determine a
priori the year of maximum capacity utilization, that is
years where the actual and potential output are equal,
and then calculate the potential output series in between
these years. Suppose we know that at some specific
times, say t and t+s, the capacity was at its maximum.
The fixed rate of potential output growth (8) can then be
calculated from the relation

ypt+s = ypt (1 + B)s

Once the potential output yp 1is obtained the level
of capacity utilization can be calculated as the ratio
y/yp. As before the potential output is supposed to grow
at a constant rate B but in this case we have a more
intuitive measure of capacity wutilization bounded at
100%.

As we had various years of probable maximum capacity
Utilization between 1920 and 1988 we decided to do the
potential output estimation in steps. The years
designated as maximum capacity ones were 1928, 1361,

1974, 1980 and 1986. We have then four different growth



rates for potential output. Therefore, although potential
output grows at a constant rate within each period, this

rate changes from one period to another.

Table V.6

—
—

Rate of growth (8)

1920/1961 5.63%
1961/1974 7.55%
1974/1980 6.88%
1980/1986 2.16%

The capacity utilization index calculated 1in this
fashion, named wut4a, is shown 1in figure V.2. The
behaviour of ul4a is again quite reasonable, meeting what
is intuitively known about the level of capacity

utilization of the economy.

1.2) Measures with a Varving Potential Qutput Growth Rate

Some time varying methods of estimating the
potential product have been put forward by Moreira (1985)
and Pereira (1986). They use a moving average process and
a structural time series, respectively.

The structural time series methodology tries to
decompose a series into its different unobserved
components.'® In this case we use the trend plus cycle
model where the actual GDP is decomposed into trend,
Cycle and irregular components.

lytla = ut + ¥t + €t

18) For details on the this approach see Harvey (1989).
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The cycle component is obtained as a combination of sine
and cosine waves. Given the frequency X¢ and a damping

factor p the cycle component can be written as
wﬁ = » cquc Si1nAc ¥, _, + %
. -SiNnAc cosAc Yi Ky

where K and K* are white noise errors with a common
t t
2

constant variance 0x . The complete model can then be

written as

Tylat = ut + Yt + €¢
Mt = ft-1 + Bt-1 + Nt
Bt = Bt-1 + €t
s (1-pcosicl )kt + (psinAcL)K:
t =

1 —- 2pcosiclL + p2|2

2
where n and ¢ are also white noise with variances og» and
2
O¢.

The estimation of this model is then performed using
the Kalman filter. The state space representation of the

model can be written as

lytat= [1 0 1 0] o+ €
b, 11 0 0 uo | [n,
Qs = ﬁt = 01 0 0 ﬁt-1 + S.t:
¥, 0 0 pcosic psinic| ¥, _, K,
128 0 0 -psinic pcosic] |¥f _, K3

In this case we again calculate the output gap by
taking the difference between the actual and potential
Output but now the potential output represented by the

trend ut+ does not have a constant rate of growth.
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The estimated hyperparameters On, O¢, Ox and Oe, the
state vector at the end of the sample ®1988 and the
frequency and damping factor are shown below.

Time Domain Estimation

Dependent variable is LOG(Y1A)

Sample period 1920 to 1988 69 Observations

Estimate Parameter Standard Error t-ratio
.0000013 g(Level) .0028546 .0004649
.0000288 g(Trend) .0000315 .9125
.0011365 g(Cycle) .002109s8 .5387
.8648 Damping Factor .0966 8.9557
.3487 Frequency .1662 2.0985

18.0165 Period
.0000000 0(Irregu1ar) .0002704 .0000000

Estimate State RMSE t-ratio

4.8505 Level .0539 89.9692
.0393 Trend .0131 2.9897

-.0583 Cycle .0539 -1.0809

-.0004129 Cycle .0551 -.0074982

Skewness X2 (1) = 2.4231

Kurtosis X2 (1) = .1935

Normality X2 (2) = 2.6166

Q(1) = .3271 Q(3) = 1.643 Q(5) = 8.364 Q(10) = 11.47

Heteroscedasticity test F( 22, 22) = .5613

Log-1ikelihood kernel 176.2228
Prediction error variance .0018620
Sum of squares .1309
RZ = ,9987
RD2= ,0230
The output gap calculated using the structural time
series model, named uiOa, is shown 1in figure V.3 and, as
in previous examples, it also looks like what would be
intuitively expected. The output gap 1is calculated 1in

this case as the difference between the actual output and



the trend component. The average potential output rate of
growth 1s this case is 5.8%. It reaches a maximum of 7.7%
in the 1970s and falls back to a average of only 4.4%
during the 1980s.

An alternative way of allowing for a varying rate of
growth for the potential output was proposed by Moreira
(1985). The idea is to construct the potential product
using a two period moving average of the actual output.

Suppose that the actual output expected rate of
growth in each period, say g*, is formed as an average of
the rates of growth in the Jlast two periods and that
investment 1is done accordingly to this expectations
trying to keep constant the level of capacity

utilization. Formally,

9t = gt-1 + gt-2
2
uf = ut-1 or Yer _ e ’
ypt -1 yt-1
Yt
as 1+gt = we then have
Yyt -1
ypt
——— = 1+
ypPt -1 gt

* .
As gt is not known its expected value gt is used

instead. Therefore,

ypt = 1 + gt-1 + gt-2

ypt -1 2

YPt-ypt-1 _  Yyt-1/yt-2 + Yt-2/yt-3 - 6
Ypt -1 2

The potential output is then calculated recursively as
YPt = 6t ypt-1
and

YPo = yo.
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Figure V.5
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We chose 1928 as the year to start the recursions
since, as we noted above, the level of capacity
utilization 1in this year 1is probably near the maximum.
The resulting variable is presented in figure V.4 under
the name of u12a. Experiments where 6: is a two period
geometric mean lead to very similar results. The average
potential output rate of growth obtained in this case,
6.0%, 1is close to the figure from the structural time
series model. However, it shows a more erratic behaviour.
As before, this variable also seems to provide a
reasonable approximation of what 1is intuitively known
about the level of capacity utilization.

The final measure of capacity utilization we

Calculate, named ui3a, combines the information available



in quarterly data for the period post 1970 with the
variable ut2a,1? Therefore, for the period post 1970 we
use the annual average whereas for the period before 1970
the series 1is calculated using the rate of change 1in
ul2a.

There exists a further method of generating the
capacity utilization serijes by using the stock of capital
and the capital/output ratio. If a series of average
capital stock 1is available and the capital/output ratio
is known for a year of maximum capacity utilization, the
potential output series can be created by multiplying the
capital stock 1in each year by this capital/output ratio.
No prior information is actually needed about the year of
maximum capacity utilization since it should correspond
to the Tlowest capital output ratio.20 This method is not
used here since it 1is impossible to obtain reliable data
on average stock of <capital for the period under

consideration.

1.3) Comparing the Different Measures

The main thing to note about these different
measures of capacity utilization is that variables that
allow for a time varying rate of growth for the potential
Product (u10a and ul2a) have a smaller standard deviation
when compared with those which have a fixed potential
Product growth rate (uita and ut4a). It can be seen from

figures v.6 and V.7 that utla and uild4a are normally below

19) See Conjuntura Economica, several issues. | |
20) sSee Bonelli and Malan (1976) for an application of
this method.
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uifa and ui12a during the recession years and

above it

during the years of boom.,

Table v.7
uila ulita ut2a ut3a ulda

Mean .0009 .0000 90.2105 81.6612 89.0488
Std.Devn. .0588 .1234 4.7452 4.3140 7.9186
Skewness -.0928 .4285 -.4110 -.3416 -.0777
Exc. Kurtosis -.7194 -1.0490 -.2457 -.3739 -1.1787
Minimum -.1225 -.,2091 79.1901 71.2996 73.3718
Max imum . 1243 .2294 100.0000 90.0360 100.0000
This behaviour 1is 1in line with what would be

expected since in the fixed potential output growth rate

case,

run movements 1in GDP.

investment decisions are not

When the potential

influenced by short

output rate of

growth 1is allowed to vary it seems that during recession

periods it falls below the constant rate and vice versa.

Figure V.6
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Figure V.7
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Although the hypothesis of a time varying potential
output growth rate is much more appealing, the structural
time series model presented in the previous section does
not allow us to accept it. The t ratio test on ai cannot
reject the hypothesis of a fixed rate of growth.

The estimation of a structural time series model
with a fixed potential product growth rate, that is using
B instead of Bt , leads to a constant growth rate of
5.3%. The comparison of these two models using the AIC
and the BIC also favours the fixed growth rate model.
Therefore, although it makes more economic sense to think
in terms of a varying rate of growth, at Jleast in the

Structural time series framework, there seems to be no

statistical confirmation of it.



Table V.8

CORRELATION MATRIX 1970/1988

uillOa utlta ut2a ui3a utda
uila 1.0000
ulta .9593 1.0000
ulza .4018 .3887 1.0000
uil3a .6405 .6143 .8803 1.0000
utda .7003 .4876 .2770 .4755 1.0000

As a way -of testing the different measures of
capacity utilization provided here we tried to compare
them with the available qQuarterly data on industrial
capacity utilization for the post 1970 period, denoted by
ui3a. Obviously the level of capacity utilization for the
economy as a whole does not have to follow exactly the
same path of the capacity utilization in the industrial
sector. Nevertheless, especially for the recent period
when the industrial sector has became more and more
important, a high correlation is expected.

The evidence in the correlation matrix shown above
is strongly in favour of uli2a, which has a correlation
coefficient of 0.8803. The second higher correlation
coefficient, 0.6405, was obtained by u10a. Therefore,
this test seems to give backing to the idea that measures
allowing a time varying rate of growth for potential
output are closer to reality.

In conclusion, although the statistical evidence
from the structural time series model cannot confirm the
time varying growth rate hypothesis, this alternati.e

Stil1 seems more appropriate not only in economic terms

(&)



but also on the grounds of the information available for
the industrial sector.

From this analysis of the five different series
created 1t seems that ui2a is the most appropriate
measure to use. This choice is based not only on the
comparison with u13a but also on the fact that ut2a,
being bounded between zero and one, 1is a more intuitive
measure. It should also be said that in preliminary test
using the import demand equations, the variable ui2a has

shown a slightly better performance.

2) Import Demand for Intermediate Goods

As before we start by calculating the unit root
tests for all the series involved in the estimation to
see if they are stationary. For the variables 1in levels
the presence of a unit root cannot be rejected, while
after taking first differences the series are reduced to

stationarity.

Table V.9

Unit Root Tests - 1947-1988

CRDW DF ADF PP
Tgm2a 0.141 0.602 -1.064 -1.15
lyta 0.008 8.544 2.183 -1.48
lui12a 0.549 -0.049 -0.077 -2.34
lrer2a 0.355 0.203 0.213 -2.08
Algm2a 2.286 -7.326 -4.,687 -7.65
Aly1ta 1.059 -1.993 -1.467 -3.76
Alrer2a 1.909 -5.956 -6.195 6.07
Alu12a 1.747 -5.243 -4.,247 -5.40
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It is only in the case of GDP  (1y1a) that there
might be some doubt since the ADF test does not reject
the unit root hypothesis. In the case of this variable
though, since it exhibits a very strong trend, the most
appropriate unit root test includes a time trend.?2' The
value of the ADF and PP tests 1in the version including
the time trend and a constant are, respectively, -2.72
and -3.98 . The contradiction between the tests does not
vanish. Strictly speaking the ADF and PP tests are not
necessary 1in this case, since no autocorrelation was
found 1in the residuals of the auxiliary regression used
to calculate the DF test. Therefore, we accept the
hypothesis of no unit root in Aly1a.

The results for the cointegrated regression are
shown in equation 8. the income and price elasticities
are both significantly different from zero at the 5%
level and have the expected sigh. The coefficient of
capacity utilization, although with the right sign is
only significant at 10 %.

EQ(8) Modelling 1gm2a by OLS
The Sample is 1947 to 1985

variable coeff S. E. H.C.S.E. t-value partial r2

Trer2at -.363 .09166 . 10381 -3.961 . 3096
Tylat .639 . 04997 . 04923 12.797 .8239
Tul2at 1.184 .69938 .65573 1.693 .0757
const -1.713 3.22776 3.10038 -.531 .0080
RZ = 0.830 ¢ = 0.2048 F(3,35) = 56.86 DW = 0.872

DF = -3.507 ADF = -2.460 PP = -3.66

21) For a discussion of the different versions of the
Unit root tests see Perron(1988).
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Comparing the coefficients from the cointegrated
regression with other empirical work is  somewhat
difficult since the sample and, mainly, the method we
adopt are different from other authors. The nearest
possible comparison is with Abreuy (1987). He uses data
for the period 1960/1985 and his equations are estimated
by ols with correction for residual autocorrelation. The
values of the price and capacity utilization elasticities
are more or Jess in 1line with his results while the
income elasticity is smaller.22

A1l the unit root tests indicate that the variables
cointegrate. Therefore we try to estimate an error
correction mechanism. The results for the ECM were not
very good, with very 1large coefficients and standard
errors. The problem is that there exists a very strong
correlation between Alyta and Alui2a. The use of
alternative measures of capacity utilization did not
solve the probiem. Al1 the measures of capacity
utilization proposed early 1in this chapter 1led to
similarly bad results. The correlation coefficient
between Alogyt and the different measures of Alogut 1is
around 0.7.

One should expect to find that changes 1in GDP and
capacity utilization were close together, especially
since the potential output normally grows slowly over
time. In analytical terms
Alog ut = log (y/yp)e - Tog (y/yplt-1

= Alog yt - Alog ypt.

22) See Abreu (1987).
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Therefore, if Alog vyp:t 1is approximately constant the
change 1in the level of capacity utilization will follow
the change 1in the GDP. The fact that the capacity
utilization series we are using was constructed from the
GDP series only makes matters worse.

Therefore the short term effects of 1income and
capacity utilization cannot be identified separately. The
presence of multicolinearity between these two variabiles
creates an identification problem. The way out seems to
be to include both varijables 1in the cointegrating
regression but to drop one of them in the ECM. We decided
td drop capacity utilization. Equation 9 presents the ECM
estimated in this way.

EQ(9) Modelling Algm2a by OLS
The Sample 1is 1948 to 1985

variable coeff S. E. H.C.S.E. t-value partial r2
Alrer2at -.741 .39109 .38625 -1.896 .1234
Alytat 1.383 .65982 .55139 2.096 .1144

ecvt - 1 -.493 .12451 .12839 -3.961 .3158

const -.063 .04814 .04629 -1.300 .0473

R2 = 0.439 ¢ = 0.1441 F(3,34) = 8.86

DW = 2.176 RSS = .7055

Information Criteria: SC = -3.604 HQ = -3.715 FPE = 0.023

analysis of t-step forecast
date actual forecast Y - Yhat forecast SE t-value

1986 . 1941 1214 0727 .1474 .4930
1987 -.0833 .0011 -.0844 .1474 -.5726
1988 -.0958 -.0211 -.0746 . 1530 -.4875

Chow (3,34) = 0.27 LM(1) = 0.747 LM(3) = 2.681

ARCH(3) = 0.824 WHITE(6,27) = 0.579 RESET(1,33) = 3.019



The coefficients have the expected sign and are
significant. The estimation of the feedback coefficient
is relatively high indicating that half of the short run
disequilibrium is corrected in each period. Since we are
dealing with annual data this is an expected result.
Actually, 1in the case of intermediate goods 1imports a
high value for the feedback coefficient was obtained even
for the quarterly data equations. Comparison of short
and 1long run coefficients shows that both price and
“income elasticity” overshoot. The overshoot in the
"income elasticity" is probably due to stock adjustments.
As the economy picks up, firms build up stocks while 1in
the recession they try to do the opposite to reduce
costs .23

Although the equation passes most of the diagnostic
tests, the results for the ECM should be taken with some
scepticism, since the R2 1is very low and the equation
fails the RESET test. These problems are certainly a
consequence of the omission of the capacity utilization
variable.

As we shall see later in this chapter the problem of
muiticolinearity is solved by the use of time varying
Parameters. In such a model the coefficients of the ECM
do not present the same sort of abnormal behaviour as in

the fixed coefficients case.

23) The use of the term income elasticity 1s.not.tota]1y
appropriated in this context. The 'mu1t1co}1near1ty
Problem does not allow us to identify this coefficient as
such,



3) Import Demand for Capital Goods

The unit root tests 1in the case of imports of
capital goods do not show any contradiction. For this
category of 1imports, instead of using GDP it seems more
appropriate to use a measure of the real gross capital
formation. The use of such variable can be criticised on
the grounds that the capital goods imports is one of the
components used to calculate the gross capital formation.
Nevertheless, we decided to retain this variable not only
because the 1imports of capital goods is expected to
respond to a investment type of variable but also because

it yields better statistical results.

Table V.10

Unit Root Tests - 1947-1988

CRDW DF ADF PP
1gm3a 0.231 0.119 -0.001 -1.71
ly3a 0.016 3.922 2.396 -0.82
lut2a 0.549 -0.049 -0.077 -2.34
lrer6a 0.369 0.477 0.927 -2.83
Algm2a 2.286 -7.326 -4.687 -7.65
Aly3a 1.5056 -3.669 -3.062 -5.06
Alreréa 2.023 -6.107 -7.080 -6.75
Alui2a 1.747 -5.243 -4.247 -5.40

The cointegrated regression, equation 10, shows a
reasonably good fit. Again the coefficients have the
expected sign and are significantly different from zero.
A1l the wunit root tests indicate that the variables
cointegrate.

The capacity utilization elasticity is higher than

in the cases of total or intermediate goods imports. This



confirms the intuitive idea that non-price costs are more
important as far as capital goods are concerned. On the
other hand it also has a higher price elasticity in
comparison with the other aggregates. That 1is because 1in
the case of capital goods there is the possibility of
changing the relative intensity with which capital and
labour are used. The price elasticity is more important
in this case because firms can use labour more or jess
intensively depending on the price of capital.

EQ(10) Modelling 1gm3a by OLS
The Sample 1is 1947 to 1985

variable coeff S. E. H.C.S.E. t-value partial r2
lrerb6at -.855 . 14398 .21303 -5.941 .5021
ly3at .647 .06518 .04992 9.922 L7377
lut2at 3.590 1.09224 .83783 3.287 .2359
const -9.953 5.03120 4.36336 -1.978 . 1006
R = 0.749 0 = 0.3226 F(3,35) = 34.84 DW = 1.029

DF -3.586 ADF = -3.231 PP = -3.75

As before the values we obtain for the price and
capacity utilization elasticities are compatible with the
results presented by Abreu (1987), while our value for
income elasticity 1is below his.24

When estimating the ECM, we encountered the same
Problem as before. The multicollinearity between Alui2a
and Aly3a 1leads to completely unreasonable estimates of
the coefficient values and their standard errors.
Therefore, we had to drop the capacity wutilization
variable. The results for the ECM are presented 1in

equation 11.

24) See Abreu (1987).
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EQ(11) Modelling Algm3a by OLS
The Sample is 1948 to 1985

variable coeff S. E. H.C.S.E. t-VALUE PARTIAL r2

Alrer6at -.229 . 14629 . 156337 -1.565 .0672
Aly3at 1.077 . 37437 .27662 2.877 . 1958
ecvt -1 -.483 . 12820 . 13682 -3.763 . 2941
const -.062 .04502 .03822 -1.366 .0520

R2 = 0.487 0 = 0.2249 F(3,34) = 10.76

DW = 1.993 RSS = 1.7191

Information Criteria: SC = -2.713 HQ = -2.824 FPE = 0.056

analysis of 1-step forecasts
data actual forecast Y - Yhat forecast SE t-value

1986 . 1935 . 3385 -.1450 .2359 -.6148
1987 -.1237 .2741 -.3978 .2331 -1.7062
1988 .1069 . 1426 -.0357 .2396 -.1489

Chow (3,34) = 1,05 LM(1) = 0.400 LM(3) = 0.001

ARCH(3) = 0.183 WHITE(6,27) = 2.224 RESET(1,33) = 0.111

Although it does not fail the RESET test, the ECM
has a very low R?2 as a result of the exclusion of Alui2a.
It is also noteworthy that the one step ahead forecasts
almost break down in 1987.

The coefficients are significant at the 5% level,
apart from the constant and price elasticity. The price
elasticity 1is only significant at the 10% level. The
short term coefficient for the income response overshoots
but not as much as in the case of intermediate goods.
Finally, the feedback coefficient is also high, around
~0.5. That 1is a feature of all three categories of
imports considered. When dealing with annual data one
should expect to get a substantial part of the short run

disequilibrium corrected each period.
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4) JTotal Imports Demand

Apart from the probiem with Alyla which we have
discussed before, the unit root tests indicate that the
variables are I(1).

The results of the cointegrated regression, equation
12, are very much as before. The elasticities are
significant and have the expected sign and the unit root
tests show that the variables cointegrate,

In terms of comparing the elasticities with other
estimates available, the same pattern is repeated. Our
price and capacity utilization elasticities are in 1line
with the other authors findings but the income elasticity
is below what seems to be the concensus.?’ The reason for
this discrepancy may be found in the method used. In most
of the previous work the equations are corrected for
residual autocorrelation. As the GDP series has a strong
trend component it is more affected than the others by

such correction.

Table V.11

Unit Root Tests - 1947-1988

CRDW DF ADF PP
lgmia 0.122 0.608 0.741 -1.01
lyla 0.008 8.544 2.183 -1.48
Tul2a 0.549 -0.049 -0.077 -2.34
lreria 0.403 -0.069 -0.097 -2.28
Algmia 1.953 -6.179 -4,224 -6.39
Alyita 1.059 -1.993 -1.467 -3.76
Alrerta 1.859 ~-5.816 -5.993 -5.90
Alui2a 1.747 -5.243 -4.,247 -5.40

¢5) For these comparisons, see Abreu (1987) and Dib
(1985).
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EQ(12) Modelling 1gmia by OLS
The Sample is 1947 to 1985

variable coeff S. E. H.C.S.E. t-value partial r2

lreriat -.648 . 13329 . 12056 -4.860 .4030
lytat .675 .06015 .05911 11.225 . 7826
Tut2at 2.307 . 94667 . 75481 2.437 . 1451
const -5.405 4.40741 3.52384 -1.226 .0412

Rz = 0.796 0 = 0.2770 F(3,35) = 45.53 DW = 0.495

DF -2.334 ADF

-2.055 PP = -2.51

The ECM for the tota]l imports is presented in
equation 13. The non inclusion of Alui2a lead again to a
low R? and, therefore, any conclusions should interpreted
with care.

EQ(13) Modelling Algmia by OLS
The Sample is 1948 to 1985

variable coeff S. E. H.C.S.E. t-value partial r2

Alreriat =-.8332 .11717 .14140 -2.830 . 1906
Alyitat 2.149 .69399 .40837 3.097 .2200
ecvt -1 -.337 .09856 .08693 -3.427 .2567
const -.111  .05067 .04230 -2.188 . 1234

R2 = 0.520 o0 = 0.1514 F(3,34) = 12.27
DW = 2.252 RSS = 0.7789
Information Criteria: sc = -3.505 HQ = -3.616 FPE = 0.025

analysis of 1-step forecast
data actual forecast Y - Yhat forecast SE t-value

1986 . 3894 .2004 . 1890 . 1569 1.2047
1987 -.1368 -.0221 -.1147 . 15655 -.7377
1988 -.0420 -.0309 -.0111 . 1605 -.0692

Chow (3,34) = 0.69 LM(1) = 1.335 LM(3) = 4.201

ARCH(3) = 3.631 WHITE(6,27) = 1.095 RESET(1,33) = 0.592

The coefficients have the expected sign and are all
significantly different from zero at 5%. The income

elasticity shows a substantial overshoot. Although the



feedback coefficient is higher than in the quarterly data

equation it is the lower among the annual data estimates.

IIT) Iime Varying Parameter Models

In this section we present the results of the Kalman

filter estimation26., The same kind of structure used for
the fixed parameter estimation is kept. We first estimate
the cointegrated regression and use the Kalman filter
residuals in the error correction mechanism.

The structural stability test performed confirm the
existence of structural break Justifying, therefore, the
use of a time varying parameter model. We have used the
CUSUM, CUSUMSQ and different sequential Chow tests??’. The
tests are not presented here to save space.

We shall try to relate the movements in the
coefficients with the different economic policies and
import substitution plans that were implemented during
the period under consideration. As we have said 1in
previous chapters the basic idea is that because of
changes 1in the policy regime and in the industrial
structure of the economy the coefficients of the import
demand function are expected not to be stable.

As we shall see, 1in some cases the time varying
Parameters hypothesis does not hold. In other cases some
of the coefficients of the import demand are fixed while

others are time varying.

26) A similar application, though not using the error
correction mechanism, for the Chilean import demand can
be found in Meller and Cabezas (1989).

27) For a description of the sequential Chow tests see
Hendry (1989).
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We expect to get long run coefficients moving more
smoothly 1in response to long term Changes in policies or
import substitution plans. on the other hand, the short
term coefficients are expected to jump much more abruptily
in response to changes, or expected changes, in the
policy regime.

The estimation follows the procedure discussed in
the fourth chapter. The coefficients variances or
hyperparameters are calculated using a maximum likelihood
approach. The filter is started by a diffuse prior with a
large covariance matrix and a unity state vector at time
zero.28

The reader should be aware that much of the
discussion 1in this section wil] rely on the trade policy
issues presented in the chapter three. When analysing the
Changes 1in the trade elasticities we shall refer only

briefly to those trade policies.

ITI.1) Annual Data Estimation

The estimations are preformed for the period 1947 to
1988. The graphs presented in this section do not cover
the full sample since for the initial observations the
filter gives results highly dependent on the initial
conditions. In general we discard the first eight
observations.

In the case of the ECM there 1is an additional loss

of observations. That is because the initial errors from

28) The estimations in this section were performed using
the program REG-X.
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the cointegrated regression were particularly big and,
therefore, were not included in the ECM. The sample used

starts in 1955,

1) Total Imports Demand

The results for the estimated hyperparameters of the
cointegrated regression are presented in equation 14. It
can be seem that all coefficients, except the constant,
can be assumed as time varying at 5%. The figures v.8 to

V.11 show the coefficient paths.

EQ(14) Modelling 1gmia by Kalman Filter

hyperparameter standard error t statistic

const 12.0284 9.7505 1.2336
lreria 0.0559 0.0226 2.4735
lytla 0.0158 0.0041 3.8536
lui2a 2.1223 1.0460 2.0289

In the case of income elasticity four distinct
periods can be found. For the period 19565/65 there is a
steady reduction in the income elasticity. It goes from
0.72 in 1955 to 0.51 in 1965. This reduction is certainly
related to the import substitution process occured in the
Brazilian economy since 1945. Special credit may be given
to the Plano de Metas. As we have said in the third
Cchapter this plan aimed to promote import substitution,
especially 1in the capital goods sectors. Therefore, the
Change 1in the industrial structure of the economy was
affecting the stability of the income elasticity.

It can also be argued that the reduction of GDP
growth that was brought about in the beginning of the

Sixties also helped this movement of reduction in the



income elasticity. As we shall see 1in many cases it is
possible to find a cyclical pattern in the income
elasticity movements. As we pointed out in chapter two,
several reasons can be put forward to explain such
cyclical behaviour. These movements can, for example, be
credited to changes 1in the composition of the output
during the business cycle. Another possibility 1is the
existence of a "quality effect”. As people are well off
during the periods of fast GDP growth they switch to
better quality products. Because of the high level of
protection experienced by Brazilian industry the domestic
production sometimes is of Jlower quality. Therefore,
during the boom period people switch to imported goods. A
final argument to explain the cyclical movement of the
income elasticity is the behaviour of the government.
During the recession the government may try to reduce the
Tevel of 1imports, to try to help the domestic industry,
by imposing direct controls.

For the period 1965/74 the income elasticity shows a
rapid rise. In 1974 the income elasticity of 0.98 is at
its highest point. This can be expiained by the continued
and rapid GDP growth after 1968 and by the removal of
import controls.

After the oil price shock and the reduction in GDP
growth after 1974, the income elasticity starts falling
again. As part of the stabilisation policy the government
'ntroduced new quantitative controls. These controls
included prohibition of imports of a considerable number

of luxury goods and a more strict 1interpretation of the
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Similarity Law. The income elasticity falls from 0.98 1in
1974 to 0.81 in 1982. It might be argued that some credit
for this reduction should be given to the II PND. This
import substitution plan, as we shall see later in the
present chapter, had the impact of reducing the income
elasticity for capital goods imports. Therefore, it
probably also had some indirect impact on the total
imports income elasticity. Finally, for the period after

1983 the income elasticity stays relatively stable.

Figure V.8
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Note that the intuitive idea put forward by Castro
and Souza (1985) that the II PND lead to a reduction in
the 1income elasticity, allowing the economy to start
growing again without a substantial increase 1in imports

seems to find some support. Nevertheless, if we are
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correct 1in 1infering that the income elasticity has a
cyclical pattern and that it was also influenced by
import controls, the importance of the II PND must be
diminished. Actually, as we shall see 1later 1in this
chapter the effectiveness of the II PND in reducing the
income elasticity of the capital goods imports was quite

Timited.

Figure V.9

04 Total Imports (Coint Reg)

—0.45 |-

—0.5

—0.55 |-

—0.6 |-

Price Elasticity

~-0.65 -

—0.7 =

-0.78 |-

-0.8

R S A G S S e Ea B R AR EA R R T

Time

In the case of the price elasticity there exists an
almost continuous increase during the whole period. The
reason for this 1is found in the long term process of
liberalizing the exchange rate regime. Although Brazil
has experienced periods of adoption of more restrictive
policies, 1in the long run there has been a gradual

movement towards a more realistic exchange rate regime.
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Therefore, prices are becoming more important in
determining the volume of imports. More recently this
process has been confirmed by the introduction of a

"free” exchange market where the central bank does not

set the exchange rate.?29

Figure V.10
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As far as the capacity utilization elasticity is
concerned, the main feature is the sharp reduction 1in
1973/74. For the period after and before the coefficient
is relatively stable. We shall argue that this fall is
related to the fact that capacity wutilization 1is a
bounded variable. As it is bounded between zero and one
Whenever it gets closer to the bound there is no room for

further movements in the same direction. Therefore, as

29) The exchange rate is at present determined in the
market were only importers and exporters have access.
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the economy gets closer to ful} capacity this variable
becomes less important. In the 1imit the capacity
utilization elasticity should go to zero as the economy
goes to full capacity. If the demand increases as a
result of people borrowing to consume or the government
producing an unexpected monetary expansion, then this
excess of demand will go to imports since the domestic

economy can not increase production. That 1is what was

happening in Brazil in the mid seventies.

Figure V.11

Total Imports (Coint Reg)

2.4
2.35 b
>
© 23 r
7
ke
c 225 k
ks
3
S 2.2 b
>
g
g 2.15 b
Q
2.1 b
205 1) ¥ L/ R § L I7
19%5{35‘7 59 L616[25'3 | 65 [66‘7 69 [77'17]275 7'57|67'77]879 81 LSBBI 8s | 8 g
56 58 1950 64 65 681970 74 198082 84 85 8

Time

In other words the relationship between imports and
Capacity wutilization 1is non linear. The regression
coefficient depends on the level of capacity utilization.
The boundedness problem can be seen as trying to estimate

a linear relationship when the true one is non linear. To
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check this explanation of the sharp fall in 1873/74, we
decided to wuse a transformation of the variable in
question to get rid of the problem. The most obvious
function to use is the logistic transformation g(u).

g(u) = log (u / 1 - y)

The Jlogistic function transform a varijabie bounded
between zero and one in an unbounded variable over the
real Tline. After performing this transformation we
reestimate the cointegrated regression and the results
seem to confirm our hypothesis. The capacity utilization
elasticity does not show the sharp fall in 1973/74 as
before. Actually, 1in this case we cannot reject the
hypothesis that this coefficient is fixed. As far as the
other variables are concerned there is no substantial
change.,

We also tried two different functions that, although
are still bounded between zero and one, give
transformations that, specially close to the boundary,
are non linear. This are the OGIVE function f(u)3° and the
cubic h(u).

h(u) = -2u3 + 3u2 flu) = 1 / 1 + eatbu

The cubic function gives a almost linear
transformation expect for values near the boundary. The
OGIVE function was used in the case were b = - 2a so that
1t is symmetric around 0.5. The only question remaining
s the choice of a. By choosing a large a, say a = 50,
the OGIVE becomes a step function. If we reduce the value

of a it becomes s shaped. In the estimations we actually

30) See Hendry and Ericsson (1990).
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use a = 5. Although the results are also good 1in the
sense that it removes the sharp jump 1in 1973/74, the
OGIVE function lead to more significant changes 1in the
other coefficients path. The cubic transformation is the
less effective one, since it is almost 1linear over the
relevant range.

Equation 15 show the results for the ECM using the
residuals from the time varying cointegrated regression.
It should be noted that in this case, and also for
capital and intermediate goods imports, multicolinearity
does not seem to be a problem. Experiments using both
income and capacity utilization lead to sensible results
and, therefore, both varijables were included in the time
varying ECM. Equation 15 presents not only the
hyperparameters for the time varying coefficients but
also the estimate of the fixed parameters.

In this case we fixed all coefficients but the
constant and price elasticity. The path of the time
varying coefficients are shown in figures V.12 and V.13.
As we said before, we expect the short run coefficients
to be more responsive to changes 1in the policy regime.
Therefore, the coefficient most expected to be affected
is the price elasticity. As discussed in chapter three,
there have been changes 1in the exchange rate regime over
the period in consideration.

For the period 1960/1967 the short run price
response increased from -0.42 to -0.56. This 1increase is
related to a more realistic exchange rate management

implemented after 1961. The exchange rate was devalued by
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100%, the auction system was ended and a process towards

a single exchange rate began.

hyperparameter standard error t statistic
const 0.0041 0.0061 0.6721
Alrertat 0.0184 0.0056 3.2857
fixed parameters
Aly1lat 1.2309 0.2580 4.7710
Alui2at 1.6897 0.7719 2.1889
ecvt -1 -0.5364 0.1566 -3.4254

The crawling peg system introduced in 1968 did not
have any distabilizing effects on the short run price
elasticity. On the contrary, it kept the price elasticity
very much stable. Since one of the aims of this new
system was to reduce instability in the foreign exchange
management, it can be said that it was successful in this

respect.

Figure V.12
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Figure V.13
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The only break in the coefficient stability over
this period occurs in 1974/75. The oil price crisis led
the government to impose changes in the exchange rate
regime. The crawling peg was kept 1n place but a
compulsory deposit was created and cash payment for
imports with tariff rates superior to 55% became
obligatory. For six months an amount equal to 100% of the
FOB value of the 1imports had to be deposited in the
Central Bank. No interest, and worst no inflation
Correction, was paid on this deposits.

There seems to be a over reaction to this new policy
measures. After a 10% reduction in the short run price
elasticity in 1974/75 it goes back to a new level

slightly above as it was before.
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After 1983 the stability 1in the short run

price
elasticity seems to be broken again. It increases
continuously until 1988. As a result of IMF pressures

the government introduces a much more aggressive exchange
rate management, starting with a maxi devaluation of 30%
in 1983. The foreign debt crisis imposed the need for

large trade surplus to be able to met the interest

payments.

2) Import Demand for Intermediate Goods

In the case of intermediate goods 1imports the time
varying parameters models does not appear to be
appropriate. As it can be seem in equation 16, none of
the coefficients in the cointegrated regression are time
varying. The t test on the hyperparameters do not allow
Uus to reject the hypothesis of fixed coefficients. The
only case of the constant that there may be some doubt,
since it just fails the test. The figures V.14 to V.17
show the coefficient path.

To allow the constant term to be time varying would
Create a conflict with the result we obtained in the
fixed coefficient model. In that case we have concluded
that the variables involved were cointegrated, that 1is
there was no unit root 1in the residuals of the
Cointegrated regression. If the constant term is truly
time varying this 1is not possible. The residuals 1in the
fixed coefficient model would have incorporated this and,

therefore, would not be stationary.
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Income Elasticity
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Figure V.17
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The income elasticity is fixed since none of the

reasons we mention in the previous section to Justify the
time variation of total imports are present in this case.
On the one hand, the import substitution plans have never
particularly targeted the intermediate goods industry. On
the other hand, the quality effect is probably
inoperative since these are mainly homogeneous goods and,

given that these goods are normally essential to keep the

economy working, there have been no direct controls

imposed by the government.

As far as the price elasticity is concerned, the
long term process of exchange rate 1liberalization has
happened on a much more reduced scale. Across all the
changes in regime the government has held the
intermediate goods, and actually also the capital goods,
imports as special cases. During the auction system they
were in a category where the supply of foreign exchange
was such to keep the exchange rate relatively over
valued. This imports also manage to pay lower compulsory
deposits or avoid them altogether whenever they were

introduced.

EQ(16) Modelling 1gm2a by Kalman Filter

hyperparameter standard error t statistic

const 15.6531 8.1378 1.9235
Trer2at 0.0176 0.0746 0.2359
Tylat 0.0071 0.0075 0.9466
Tui2at 0.2636 0.2575 1.0238

Since the cointegrated regression is not time
varying we used the same cointegrating vector we had

before in the fixed coefficient model. Because of this we
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have some extra observations to be used to estimate the
ECM.  The estimation runs from 1947 to 1988 and the
coefficients paths, from 1955 onwards, are shown in
figures V.18 and V.19. For the reasons discussed before
we have only allowed time variation 1in the price and
constant coefficients.

The behaviour of the short term price elasticity
follows very much the same pattern as before. It is
stable, around -0.52, before 1960, As a result of the
policy changes outlined above it increases to -0.89 1in
1965. It becomes more or Jless stable again until 1974/75
and, as it happen with the price elasticity for total
imports, overshoots and find a new stable level at around

-0.65. After 1983 it starts to increase again reaching

-0.79 in 1988.

EQ(17) Modelling Algm2a by Kalman Filter

hyperparameter standard error t statistic
const 0.0153 0.0113 1.3598
Alrer2at 0.3886 0.1792 2.1684
fixed parameters
Alytat 1.0685 0.2412 4.4239
Alut2at 0.9135 0.4169 2.1912
eCVt - 1 -0.6228 0.1998 -3.1171

3) Import Demand for Capital Goods

The cointegrated time varying regression for capital
goods imports is presented 1in equation 18. Initial
experiments lead us to the conclusion that the price
elasticity should be treated as fixed. The same argument

used for intermediate goods imports also apply here. The
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continuous increase 1in the price elasticity for total

imports was due to a succession of policies aimed at a
more realistic exchange rate management. That was not the
case for capital goods imports. These imports were

normally protected, having a more favourabie

exchange
rate.
Figure V.20
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Figures V.20 to V.22 show the coefficient path for
the constant, income and capacity utilization elasticity.
The income elasticity falls continuously from 1.1 to 0.44
between 1957 1963. As it was mentioned before this fall
1s the result of the Plano de Metas. As a new segment of
the capital goods industry in implanted the effect was to
reduce the need of imports for a given GDP growth. From

1963 to 1974 the 1income elasticity begins to increase
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again. It reaches 0.75 in 1974, well below its value

before the Plano de Metas.

Figure V.21
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From 1975 onwards it declines constantly to 0.68 1in
1988. The main thing to notice here is that the II PND
did not work as well as the Plano de Metas in terms of
reducing the income elasticity. Therefore, as the effect
of the II PND was limited in this respect the fall in the
income elasticity for total imports must be mainly
attributed to cyclical factors and government direct
controls.

The capacity utilization elasticity shows a sharp
fall in 1975/76. As we have discussed before this happen
because the level of capacity utilization is close to its

maximum.



EQ(18) Modelling 1gm3a by Kalman Fiiter

hyperparameter standard error t statistic

const 24.8133 12.2107 2.0321
ly3at 0.0216 0.0069 ' 3.1304
Tui2at 1.2826 0.4295 2.9863

fixed parameters
lrer6at -0.8213 0.1941 -4.2313

Figure V.22
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The ECM in equation 19 is estimated as before fixing
the income, capacity utilization and feedback
coefficients. The path for the constant and price
elasticity is shown 1in figures V.23 and V.24.

The behaviour of the short run price response 1in
this case is different from the pattern observed for
total and intermediate goods imports. Although there is a
Jump downwards in 1961, from -0.48 to -0.63, the short

term price elasticity becomes stable until 1974. Then it
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Jumps downwards again from -0.70 in 1975 to -0.91 1in
1976. It 1is easy to understand why it does not Jump
upwards 1in 1874/75 as in the cases discussed before,
since the capital goods imports were 1in general exempt
from paying the compulsory deposit. Only products with
tariff rate of more than 37 were liable to pay the
compulsory deposit. Nevertheless this does not explain
why it Jjumped downwards. After 1983 its behaviour is

unconventional again since it stays stable for awhile,

increasing only after 1986,

EQ(19) Modelling Algm3a by Kalman Filter

hyperparameter standard error t statistic

const 0.0013 0.0012 1.0842
Alrer6at 0.1905 0.0617 3.0875
fixed parameters

Aly3at 0.9658 0.3359 2.8753
Alutl2at 2.0354 0.4437 4.5874
ecvt -1 -0.5065 0.1576 -3.2138

IIT.2) Quarterly Data Estimations

In the quarterly data estimations we tried to follow
the same approach used in the annual equations. We were
expecting to get a more smooth path for the 1long run
elasticities and a Jumpy behaviour for the short run
responses. Although this worked well before, 1in the
Quarterly data equations the behaviour is mixed. The long
run coefficients also present sharp jumps up and down in
response to policy changes. In general the coefficient
Path is more erratic than before.

This mixed pattern may be due to the use of

Quarterly data itself. Within a year there is more time
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for an eventual adjustment process to take place. The
point here is similar to what is normally argued in terms
of dynamic adjustment. Using quarterly data one 1is much

more likely to find dynamic relationships than when using
annual data.

The estimations were performed over the period 1975
to 1988 for capital and intermediate goods 1imports and
from 1976 to 1988 for total imports. As before the graphs
in this section do not cover the fuli sample period since
some allowance had to be made for the filter to reach a
more 1informative prior. A1l the graphics actually start

in the first quarter of 1979,

1) Iotal Imports Demand

In the case of total imports, only the price and
income elasticities were found to be time varying. The
results for the cointegrated regression are presented in
equation 20 and the coefficients path are shown 1in
figures V.25 to Vv.27.

The main feature in the price elasticity case is the

significant jumps downwards that occur in 80.1, 83.1 and

86.3. The first two Jumps are probably related to the
maxi devaluations of the exchange rate that took place in
December 1979 and February 1983. The increase 1in o1l
Prices and 1interest rates significantly worsen the
Brazilian balance of payments. As an answer to the
balance of payment problems the government decided to
Change the rules of the crawling peg system and promote a

realignment of the exchange rate. On both occasions the
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exchange rate was devalued by 30%. It is 1nteresting to
note that the maxi devaluation of 1983 seems to have had
a greater 1impact on the price elasticity. This happens
because during 1980 the government, tying to contain the
inflationary consequences of the maxi devaluation,
decided kept the increase in the exchange rate below the

rate of inflation.

EQ(20) Modelling l1gmigq by Kalman Filter

hyperparameter standard error t statistic

const 7.0670 29.9703 0.2358
Trer6égt 0.0607 0.0125 4.8560
Tydqt 0.1871 0.0923 2.0270

fixed parameters
luigt 2.5384 0.4848 5.2358

In the case of 86.3, the Jump is associated with an
expected max i devaluation. As part of the anti
inflationary program started in February 1986, the
Cruzado Plan, the nominal exchange rate was fixed. When,
by the middle of the year, the program started to be
perceived as failing there was some expectation that the
exchange rate was going to be devalued. The long run
price elasticity increased from -0.81 to -0.97 between
the third quarter of 1986 and the first quarter of 1887.

Therefore, although there was no actual max i
devaluation during 1986 for a period of time the long run
Price elasticity behaved as if it had happened. As people
expected an 1increase 1in the 1imports costs in the future
the actual exchange rate became more important to expliain
the level of imports. The maxi devaluation did not happen

and after 87.1 the price elasticity begins to reduce. It
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. Total Imports (Coint Reg)

-8.8 |-

—8.9 |

Constant

-9.1 I

-9.2 }

-9.3 ¢

—-9.4

795!3?6.!3?‘.! 3fi.!3f3.!3f4f.!3?5.!3f6‘.!3f?.!3f&!31

Time

Figure V.26

Total Imports (Coint Reg)
-0.74

-0.76 |-

-0.78 -

-0.8 |-

-0.82 |-

-0.84

-0.86 |-

—0.88 |-

Price Elasticity

|
o
©
T

-0.92 |-
-0.94 |-
-0.96 |-
-0.98 |-

IS ) LR TS R EA RIEE LY A RIS RIS R SRR T R)

Time




was only 1in the middle of 1987, wunder a new finance
minister, that the government started correcting the
exchange during 1987.

The 1income elasticity is driven by the factors we
discussed before when dealing with the annual equations.
Between 79.1 and 81.2 the income elasticity goes from
0.75 to 0.60 as a result of the reduction in the growth
rate and also the import substitution process started by
the II PND. The increase in the income elasticity after
81.3 1s short lived since the recession of 1983 brings it
down again. It increases again after 83.4 to a new level

around 0.68.

Figure V.27
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The main thing to note here 1is that the long run

income elasticity seems to be free of the possible bias
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noticed 1in the fixed coefficient model. In the fixed
coefficient model the income elasticity was just 0.34,
well below the other estimates available in  the
li1terature. The previous estimations normally used a time
trend to account for structural changes in the
parameters. By using time varying parameter techniques we
can accomplish the same goal in a more elegant and
informative way.

The ECM 1in equation 21 allow for a time varying
short run price elasticity and constant. The coefficients
path are shown in figures v.28 and V.29,

The main features of the price elasticity path are,
as 1in the case of the long run elasticity, associated
with the two maxi devaluations in 1979 and 1983 and the
expected maxi devaluation in 1986. The difference is 1in
terms of the magnitude of the changes. In this case the
coefficients change much more extensively. After the maxi
devaluations the short run price elasticity goes from
around -0.5 to -1.0. In 1986 the change 1is even more
Substantial as it goes from -0.54 to -1.4. Therefore,
although the short and long run coefficients both jump in
response of large unexpected changes in policy the former

seems to be more responsive.

EQ(21) Modelling Algmig by Kalman Filter

hyperparameter standard error t statistic
const 0.0685 0.1205 0.5684
Alrer6qt 0.2985 0.1042 2.8646
fixed parameters
Alyaqe 0.2856 0.0781 3.6585
Alu1qge 1.0325 0.2878 3.5876

eCvt - 4 -0.2564 0.0574 -4.4669
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A comparison between equations 21 and 7 shows that
the time varying coefficient model did not require the
use of extra lags for the dependent and income variables.
In equation 7 we had a quite complicated short run
dynamics. Attempts to use extra lags in the time varying
parameters model were not successful. The extra lags were

always not significantly different from zero.

2) Import Demand for Intermediate Goods

As it can be seen by the cointegrated regression,
equation 22, none of the parameters in the demand
function can be assumed to be time varying. This result
is consonant with what we obtained in the annual
equations. In that case as well, the coefficients of the
cointegrated regression were found to be constant. The
evidence seems to point 1in favour of constant long run

elasticities for intermediate goods imports.

EQ(22) Modelling 1gm2g by Kalman Filter

hyperparameter standard error t statistic
const 5.5937 34.3172 0.1630
lrer7qt 0.0236 0.0453 0.5210
Ty1at 0.0556 0.2365 0.2351
lu2qt 0.2836 0.7753 0.3658

EQ(23) Modelling Algm2g by Kalman Filter

hyperparameter standard error t statistic
const 0.0002 0.0162 0.1235
Alrer7gt 0.0309 0.0147 2.1020
fixed parameters
Aly1qe 0.7123 0.2186 3.2584
Alu2qt 2.5481 0.6400 3.9814

eCvt -4 -0.5690 0.2199 -2.5875
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Equation 23 presents the results for the ECM and
figures V.34 and V.35 show the coefficients path. The
main features are again the responses of the short term

price elasticity to the maxi devaluations of 1979 and

1983 and the expected maxi devaluation in 1986,

3) Import Demand for Capital Goods

Contrary to what happened 1in the fixed parameters
model we were able to obtain a reasonable equation for
capital goods imports. Before we were getting a negative
income elasticity. We said then that one of the possible
explanations for this unusual result was that the income
elasticity was actually declining over time. The impact
of the II PND and government policies put together could
be used to explain such behaviour.

Equation 24 presents the results for the
cointegrated regression, It can be seen the
hyperparameter of lyd4qt 1in significantly different from
zero. Moreover, as can be seen in figure V.38, the income
elasticity shows a declining pattern from 1979 to 1983.
It fell from 0.65 in 1979.1 to 0.43 in 1983.4.

The price elasticity can only be assumed different
from zero at 10%. Its behaviour does not quite match the
one we had for the total imports. Although the maxi
devaluations seem to have had same impact, the main
feature in figure V.37 1in the continuous increase during
84.3 and 85.4. During this period the price elasticity

goes from -0.49 to -0.61.
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Figure V.40
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EQ(24) Modelling 1gm3q by Kalman Filter

hyperparameter standard error t statistic
const 0.0012 0.0022 0.5455
lrer8qt 0.1235 0.0708 1.7443
Ty4qt 0.2356 0.0889 2.6500

fixed parameters
Tu3at 2.9852 0.9880 3.0214
As far as the ECM is concerned, the short run price
elasticity also do not behave very much as in the case of
total and intermediate goods imports. Although it
increases 1in response to the maxi devaluations there are
Some other particular features. After 1980 it decreases
Substantially getting close to zero over from 82.2 to

83.1. It not only 1increases as a result of the maxi
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devaluation 1in 1983, but actually keeps increasing unti]

86.3.

EQ(25) Modelling Algm3g by Kalman Filter

hyperparameter standard error t statistic
const 0.0006 0.0028 0.2145
Alrer8qt 0.4523 0.1267 3.5696
fixed parameters
Alydqgt 0.7658 0.3914 1.9567
Alu3qt 1.3659 0.5062 2.6984
ecvt -1 -0.2013 0.0519 -3.8785

IV) Conclusions and Remarks

In this chapter we tried to offer some fresh
insights about the behaviour of Brazilian trade
equations. A new approach based in the theory of
cointegration was applied to the import demand case. This
new procedure allows a simple distinction between short
and long run properties of the model escaping from the
simple partial adjustment hypothesis that has been used
so widely in empirical works on this subject.

We use the Engle and Granger procedure to estimate
models with fixed and time varying coefficients.

As far as the quarterly fixed coefficient models are
concerned, the main point that stands out from the
analysis is the complex adjustment mechanism that seems
to exist. The exception seems to be intermediate goods,
where most of the adjustment happens in the first quarter
and the short run disequilibrium correction works
Quickly. For the capital goods and total imports the
results indicate a complex and slow path of adjustment as

Well as a small disequilibrium correction in each period.



The fixed coefficient model estimated with annual
data does not give good results. That s because there is
some multicollinearity between the first difference of
the income and capacity utilization variables. Their
short run 1impact can not be estimated separately. We
were, therefore, were forced to drop the capacity
utilization from the ECM.

We also address the question of time wvarying
parameters. As we discuss 1in the previous chapter, given
the substantial changes in the industrial structure of
the economy, stimulated by import substitution plans, and
in economic policy regimes the parameters of the import
demand function are expected not to be fixed. The Kalman
filter was used to estimate a time varying parameters
model.

Most of the previous empirical work on import demand
have used a time trend to account for the instability in
the coefficients due to structural changes. By using the
Kalman filter we can accomplish the same goal in a more
elegant and informative way.

It is difficult to find a g]oba] pattern in terms of
how and why the coefficients change but some general
remarks can be made. The long run income elasticity was
found to have a cyclical pattern and to respond to the
import substitution plans. In this respect the Plano de
Metas was found to have had a greater impact when
Compared to the II PND. In the short run it was found
that the income elasticity and the capacity utilization

elasticity were fixed.

225



The price elasticity, both short and long run, seem
to be affected by the changes 1in the exchange rate
regime. Whenever the government adopts a more realistic
exchange rate management the price variable becomes more
important to explain the volume of 1imports or, 1in other
words, the price elasticity increases.

The results show that in the case of the ECM, the
short run price elasticity changes abruptly in response
to the maxi devaluations. They also show that in the case
of annual data estimations, the changes in  the
coefficients of the cointegrated regression is slow over
time, whereas 1in the «case of the quarterly data
estimations the coefficients of both ECM and cointegrated

regression changes abruptly.
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APPENDIX V,1

In this appendix we present the

no trend or seasonal dummies. The lag length k was chosen

to make the residuals white noise.

I) Quarterly Data Estimations

1) Intermediate Goods Imports

EIGENVALUES u;

.023979 .206959

are

.296711

There are 4 valid eigenvalues u; out of 4

Am a x Trace
-T.Log(1-ui ) -T.2 Log(1-ui)
1.140769 1.140769
10.898384 12.039154
16.543394 28.582548
28.387183 56.969731

B’ EIGENMATRIX [largest wui first]

Variable Tam2q lrer7q
lgm2qg -8.00122 -.98938
Trer7q 4.71297 20.16251
ly1q 14.73821 12.45199
Tu2q -2.43370 -4.37424
STANDARDIZED B’ EIGENVECTORS
Variable lam2q lrer7q
lgm2g 1.00000 . 12365
lrer7q .23375 1.00000
lyiq -.97385 -.82278
lu2q -.30886 -.55513
STANDARDIZED a Coefficients
Variable lam2q lrer7q
Tam2q .13668 .40085
lrer7qg .04390 -.64394
ly1q -.00764 .07762

Tu2q . 09442 . 056542

lyt1q
7.15443
-21.19881
-15.13396
15.73809

lyiqg
-.88417

-1.05140
1.00000
1.99732

ly1q
.60153
-.02855
.07954
.04751

results for

.453370

Tu2q
73.16358
-8.62388
-54,73322
7.87962

Tu2q

-9.14406
-.42772
3.61658
1.00000

Tu2q
.07469
-.02722
-.01220
-.00171

the

Johansen procedure. It was estimated with a constant but
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2) Capital Goods Imports

.076638

EIGENVALUES u;

.268261

are

.331932

There are 3 valid eigenvalues u;i out of 3

)\max

-T.Log(1-u;)

3.906939
15.304248
19.764867

Trace
-T.2 Log(1-u;)
3.906939

19.211188
38.976055

B’ EIGENMATRIX [largest i first]

Variable 1dkgq ly4q
1dkgqg -4.49620 7.67960
ly4q -10.07376 3.79203
luiq 9.70534 5.03994
STANDARDIZED B’ EIGENVECTORS
Variable 1dkgq ly4q
1dkgaq 1.00000 -1.70802
lydq ~-2.65656 1.00000
lutq -.44749 -.23238
STANDARDIZED &« Coefficients
Variable 1dkgqg ly4q
1dkgqg .00437 .01116
ly4q .06087 .00144
Tutqg .00579 -.03228

3) Iotal Imports

. 060527

EIGENVALUES Wi

.085384

Tuiq
5.37405
42.88416
~21.68857

Tutq
-1.19524
11.30904

1.00000

Tulg
.38078
.16747
.09630

are

.396343

There are 4 valid eigenvalues u;i out of 4

/\max
~T.Log(1-u; )

2.808617
4.016297
22.713679
24.789330

Trace
-T.2 Log(1-ui)

2.809617
6.825914
29.539593
54,328823

.423554
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B’ EIGENMATRIX [largest u; first]

Variable lamiq lrer6q
lami1q -5.,34999 -7.68434
lrer6g 3.11026 14.61168
lydq 1.56006 -3.25876
luig 6.66079 1.62706
STANDARDIZED B’ EIGENVECTORS
Variable lamiq lreréq
lamiqg 1.00000 1.43633
lreré6g .21286 1.00000
ly4q -.19590 .40921
lulqg -.28385 -.06934

STANDARDIZED a Coefficients

Variable lamiq lreréq

lamig .01860 .32789
lreréq -.11403 -.54863
ly4q . 02847 .18394
luiqg .05663 .00996

IT) Annual Estimations

1) Intermediate Goods Imports

. 008496

EIGENVALUES u;
.107763

ly4q
4.69635

-6.345655

-7.96347
5.00611

1y4q
-.87783
-.43428
1.00000
-.21333

ly4q
. 10590
-.09525
-.02917
.00818

are
. 239845

There are 4 valid eigenvalues ui out of 4

/\max
-T.Log(1-u;)

.307147
4.104829
9.872398

40.624198

Trace
~T.2 Log(1-u&i)

.307147
4.411976
14.284375
54.908573

B’ EIGENMATRIX [Targest ui first]

Variable lgm2a lrer2a
1gm2a 7.15848 3.62233
lrer2a 1.50368 2.48560
lyla -1.56646 1.88940
lui2a -3.66760 -1.83351
STANDARDIZED B’ EIGENVECTORS
Variable lgm2a lrer2a
1gm2a 1.00000 .50602
lrer2a .60496 1.00000
lyla -1.40827 1.69859
Tu12a -1.52637 -0.76306

lytla

-3.54751

-3.18661
1.1123
6.90153

lytla
-.49557

-1.28203
1.00000
2.87226

luiq
33.79937
-.16876
-1.99972
-23.46610

Tutq
-6.31765
-.01155
.25111
1.00000

Tuig
.53271
.00512
.11965
.08816

.256162

Tuti2a
-5.254513
-2.889884
-2.735820
2.402825

lui2a
-0.734026
-1.162650
-0.245953
1.00000
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STANDARDIZED « Coefficients

Variable lgm2a lrer2a lyla
lam2a ~.43583 -.07145 .01384
lrer2a .00229 -.10898 -.07214
lytla -.08954 -.00095 -.00141
lul2a -.09004 ~-.00072 -.00144
2) Capital Goods Imports
EIGENVALUES u; are
.057630 .206386 . 346655
There are 4 valid eigenvalues 4i out of
Ama x Trace
“T.Log(1-ui) ~T.2 Log(1-u;)
2.196237 2.196237
8.552847 10.7438084
15.749063 26.498147
31.357655 57.855802
B’ EIGENMATRIX [largest i first]
Variable 1am3a lrer6a ly3a
Tgm3a ~-2.46976 -2.26739 1.70355
lrer6a 3.29357 3.68875 -2.32217
ly3a -.83315 1.92462 .47449
lui2a .22882 -.95848 1.13225
STANDARDIZED B’ EIGENVECTORS
Variable Tam3a lrer6a ly3a
1gm3a 1.00000 .91806 -.68976
lreré6a .89287 1.00000 -.62953
ly3a -1.75590 4.05623 1.00000
Tui2a .09491 ~-.39758 .46966
STANDARDIZED @ Coefficients
Varijable Tgm3a lrer6a ly3a
lam3a -.27672 -.23516 .03286
lrer6a -.07730 -.33849 -.03849
Ty3a -.07577 .02183 -.00534
lui2a .02517 -,.05554 -.00039
3) Iotal Imports
EIGENVALUES u;i are
.024383 .167456 .247302
There are 4 valid eigenvalues out of 4

4

lut2a
0.10943
-0.52938
-0.45146
-0.44870

.429150

lutl2a
21.25959
.68665
3.89587
2.41079

Tuil2a
-8.60796
.18615
8.21072
1.00000

lui2a
-.05471
.03224
-.04263
-.01142

414774
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/\max Trace

-T.Log(1-ui) -T.2 Log(1-ui)

.888683 . 888683
6.597684 7.486367
10.227275 17.713642
42.295308 60.008950

B’ EIGENMATRIX [largest u; first]

Variable lgmia lreria
lamia 2.93454 5.10714
lreria 4.19538 2.22307
lyta 2.08043 -.26864
lui2a -2.29414 ~-2.46303
STANDARDIZED 8’ EIGENVECTORS
Variable lgmia lrertia
Tgmia 1.00000 1.74036
lrerta 1.88720 1.00000
lytia -.87519 .11301
Tutl2a -.08453 -.01015
STANDARDIZED a Coefficients
Variable lgmta lreria
lgmia -.20622 -.12092
lrerta -.038881 .05667
lyta -.00993 -.01700
luti2a -.00988 -.01725

ly1a
-2.77520
-1.06466
-2.37711
6.17986

lyta
-.94570
-.47891
1.00000
.25465

lyta
.07289
-.16087
-.00506
-.00517

lul2a
-11.31459
5.51672
48.19469
24.,26809

Tuti2a
-3.85566
2.48157
-20.27449
1.00000

lut2a

-0.433898
-0.216872
-0.101585
-0.101151
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APPENDIX V.2

I) Quarterly Data
A1l data are from 1975 to 1988 and correspond to
seasonally unadjusted indexes 1984=100 unless stated

otherwise.

1) Eoreign Trade Indexes

The price indexes are Paasche while the indexes of
quantum are Laspeyres.
- amig = Total imports except crude oi] and wheat.,
Source: for 1976-1986, unpublished data from Fundacao
Getulio Vargas; for 18987-1988, the series was extended by
Fachada (1990) using the same methodology.
- gm2g = Imports of intermediate goods except crude oil
and wheat.
Source: for 1976-1986, unpublished data from Fundacao
Getulio Vargas:; for 1987-1988, same as above.
- am3a = Imports of capital goods.
Source: for 13975-1986, Comjuntura Economica, column 28,
several issues; for 1987-1988, same as above.
- pPmig = Total imports except crude oil and wheat.
Source: for 1976-1986, unpublished data from Fundacao
Getulio Vargas: for 1987-1988, same as above.
T Pm2g = Imports of intermediate goods except crude oi)
and wheat.
Source: for 1975-1986, unpublished data from Fundacao

Getulio vargas; for 1987-1988, same as above.



- pm3g = Imports of capital goods.,
Source: for 1975-1986, Comjuntura Economica, column 42,

several issues; for 1987-1988, same as above.

2) Activity Variables

- y1g = GDP.
Source: "Produto Interno Bruto Real Trimestral, Brasil 4°
Trimestre de 1989", supplement of 1Indicadores de
Conjuntura (IBGE), march 1990,

- ¥3@a = 1Industrial production in the capital goods
sector.

Source: IBGE, Indicadires de Conjuntura, several issues.
- y4q = Industrial production (manufacturing industry).
Source: Same as above.

- ulg = capacity utilization in the industrial sector.
Source: Comjuntura Economica, several issues.

- uU2g = capacity utilization in the intermediate goods
industry.

Source: same as above.

- u3g = capacity utilization in the capital goods
industry.

Source: same as above.

- dgkg = demand for capital goods. Constructed using the
y3q and agm3q series. The weights were obtained from the
annual value of the capital goods imports 1in cr$,
converted by er3g, and the production value of the
domestic capital goods 1industry (metallurgy and mechanic
industries).

Source: IBGE (1990).
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3) Domestic Price Yariables

- pd2g = Intermediate goods wholesale price.

Source: Conjuntura Economica, column 9, several issues,

- pd3g = Capital goods wholesale price.

Source: Conjuntura Economica, column 13, several issues.

- pd4g = Industrial goods wholesale price.

Source: Conjuntura Economica, column 27, several issues.

- eria = Index of exchange rate for total imports
(cr$/US$).This data is actually the effective cost of
buying foreign exchange. Therefore, as discussed in the
main text, 1t dncludes not only the exchange rate but
also the extra costs imposed from time to time.

Source: Boletin do Banco Central, several issues; Rosa et
alii (1979).

- er2q = Index of exchange rate for imtermediate goods
imports (cr$/US$).

Source: same as above.

- er3g = Index of exchange rate for capital goods imports
(cr$/Ussg).

Source: same as above.

4) Yariables Names

- lamig = 1n (gmiq) - lulg = 1In (utlqg)
- lam2g = 1n (gm2q) - lu2q = 1n (u2q)
- 1lam3q = 1n (gm3q) - lTu3g = In (u3q)
- ldkgg = 1n (dkgq) - 1dkg = 1n (dkg)
= lreréq = 1n (erigxpmiqg/pd4q) - lytla = In (yl1aq)
= lrer7qg = 1n (er2g*xpmiq/pd2q) - lyd4q = 1n (y4q)

- lrer8g = 1n (er3g*xpm3qg/pd3q)



I1I) Annual Data
A1l data are from 1947 to 1988 and correspond to

index 1984=100 unless stated otherwise.

1) Eoreign Trade Indexes

The price indexes are Paasche while the indexes of
guantum are Laspeyres.
- gmia = Total 1imports except crude o0il and wheat. Before
1960 the series was construted by deflating the values in
dollars by the US wholesale price index. The series in
dollars was obtained using the share of 011 and wheat 1in
the total imports in cruzeiros.
Source: for 1947-1959, Anuario Estatistico do Brasil and
IFS/IMF, several issues: for 1960-1986, unpublished data
from Fundacao Getulio Vargas; for 1987-1988, the series
was extended by Fachada (1990) using the same
methodology.
- gm2a = Imports of intermediate goods except crude o1
and wheat. Data before 1960 had to be constructed as
above,
Source: same as above.
- gm3a = Imports of capital goods. Before 1959 the series
was calculated using the rate of chage of a Fisher index.
Source: for 1947-1958, Fundacao Getulio Vargas (1968):
for 1975-198s6, Comjuntura Economica, column 28, several
issues; for 1987-1988, the series was extended by Fachada

(1990) using the same methodology.
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- pmia = Total imports except crude oil and wheat. Before

1960 the series was obtained UsSing the USA wholesale
price index.

Source: for 1947-1959, IFS/IMF, several issues; for 1975-
1986, unpublished data from Fundacao Getulio vargas; for
1987-1988, the series was extended by Fachada (1990)
using the same methodology.

- pm2a = Imports of intermediate goods except crude oi]
and wheat. Data before 1960 had to be constructed as
above.

Source: same as above.

- pm3a = Imports of capital goods. Before 1959 the series
was calculated using the rate of chage of a Fisher ijndex.
Source: for 1947-1958, Fundacoo Getulio Vargas (1968):
for 1975-1986, Comjuntura Economica, column 42, several
issues; for 1987-1988, the series was extended by Fachada

(1990) using the same methodology.

2) Activity Variables

- yta = GDP.

Source: IBGE (1990).

-~ y3a = Real gross capital formation. The series in real
terns was obtained using the GDP daflator

Source: same as above.

- ulla = output gap. It was calculated by decomposing the
GDP in unobservable components and taking the GDP gap as
the observed value minus the tendency.

Source: for 1920-1946, Zerkoviski and Veloso (1982); for

1947-1988, IBGE (1990).
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- ulla = GDP gap from regression residuals.

(Inyta=za+btime)

Source: same as above.

- ul2a = GDP gap from a two period moving avarege process
with 1928 as the base year. (bt = [(ytat-1/ytat-2) +
(ylat-2/ylat-3)1/2) and ypt = bt ypPt-1)

Source: same as above.

- uil3a = GDP gap. For the period 1970/1988 anual average
of ulg. Before 1970 the rate of change in u12a was used.
Source: same as above,

- uld4a = GDP gap. Calculated by adjusting a exponential
to the years of maximum capacity. The years chossen as
maximum capacity were 1928, 1961, 1974, 1980.

Source: same as above.

3) Domestic Price Variables

- pdla = Total wholesale price.

Source: Conjuntura Economica, column 4, several issues.

- pd2a = Intermediate goods wholesale price.

Source: Conjuntura Economica,column 8, several issues.

- pd3a = Capital goods wholesale price. The series was
extented before 1970 usig the total wholesale price
index.

Source: Conjuntura Economica, column 13, several issues.

= pd4a = Industrial goods wholesale price.

Source: Conjuntura Economica, column 27, several issues.

- erta = Index of exchange rate cr$/US$ for the total
imports. This data is actually the effective cost of

buying foreign exchange. Therefore, as discussed in the
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main text, it includes not only the exchange rate but
also the extra costs imposed from time to time.

Source: for 1947-1953, Boletin da SUMOC, several issues;
for 1953-1957, weighted average of ail} categories,
Simonsen (1961);: for 1957-1960, Von Doellinger et alii
(1977); 1960-1976, Clark and Weisskof (1967): for 1967~
1974, Boletin do Banco Central, several issues; for 1975-
1979, Rosa et alii (1979); for 1980-1988, Boletin do
Banco Central, several issues.

- er2a = Index of exchange rate cr$/UsS$ for imports of
intermediate goods. As before it includes alj extra
costs.

Source: same as above, but for 1953 19567, weighted
average of categories I and II.

- er3a = Index of exchange rate cr$/USs for 1imports of
capital goods. As before it includes all extra costs.
Source: same as above, but for 1953 19567, weighted
average of categories II and II.

- ta = Rate of tariff, calculated as the ratio of import
tax plus tax on financial operations (IOF) revenues over
total imports except crude oil and wheat in crs$.

Source: for the import tax and total imports in cr$, IBGE
(1990); and for the tax on financial operations (IOF),

Arrecadacao de Tibutos Federais, several issues.

4) Yariables Names

- lamta = 1n (gmia) - lyta = 1n (yta)
= lam2a = I1n (gm2a) - ly3a = 1n (y3a)
=~ 1lgm3a = 1n (gm3a) - lui2a = 1n (ut2a)
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- lrerta = 1n (er1a*pm1a*(1+ta)/pd1a)

- lrer2a = 1n (er2axpm2ax(1+ta)/pd2a)

- lrerba n (er3a*pm3a*(1+ta)/pd1a)

III) Graphs
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CHAPTER VI

ESTIMATIONS QOF EXPORT EQUATIONS

I) Introduction
In this chapter we present the empiricail results for
different models of export behaviour. Wwe consider a

supply and demand model of the Kind represented by

equations (27) and (28) 1in chapter two. Although the
Brazilian share 1in world exports 1is not large it has
became usual in the literature to estimate a simultaneous
eguation model and therefore we follow this path.

We follow the same approach adopted in the previous
chapter. We start by estimating an error correction mode]
with fixed coefficients. The next step is to allow the
coefficients to be time varying and to try to associate
their variation with changes in trade policy.

Three different approaches, all discussed in chapter
four, are used to model the parameter change. The Kalman
filter estimations do not 1lead .to good results and
therefore the switching regressions and bayesian
approaches are also used.

The estimations are performed for total non-coffee
exports as well as for industrial exports. In both cases
annual and quarterly data are used. Coffee was excluded
not only because the imperfect substitute model seems

inappropriate in this case but mainly because the coffee
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market 1is quite regulated by the major producers through
the World Coffee Organization.

The chapter has another three sections, The
following section deals with the fixed parameter
estimation, while in the third section we present the
results for the time varying parameter mode], In some
cases industrial and total non-coffee exports are
discussed 1in separate subsections and 1in others cases
they are discussed together. Finally, the last section

presents the conclusions and remarks.

II) Eixed Parameter Models

In this section we present the fixed parameter
estimates for the supply and demand equations of
industrial and total non-coffee exports. The estimations
are performed using two stage least squares (2SLS). Full
information methods such as three stage Jleast squares
(3SLS) and full information maximum 1ikelihood (FIML) are
normally preferred since they yield asymptotically
efficient estimators under the assumption that the model
is specified correctly. If the model is not correct these
methods may lead to inconsistent estimations that can be
transferred from one equation to the remainder of the
System. Since there is no firm consensus about the exact
model specification we opted to use 2SLS to restrict the
effect of misspecification to the equation under
consideration.

As 1n the previous chapter we start by testing the

order of integration of each of the variables to be used.
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The CRDW, DF, ADF and PP tests are performed in all three
versions. To save space the DF and ADF are presented only
in the version including the constant while the PP test
presented is calculated from an auxiliary regression with
a constant and time trend, With the quarterly data we
also performed the seasona] integration tests proposed by
Hyllerberg et alii (1990).

We followed the Engle and Granger method, estimating
first the cointegrated regression to get the long run
elasticities and then using the residuals 1in the error
correction mechanism. As in the previous chapter we
adopted a general to specific approach. We started by
estimating the ECM with a fairly general dynamic
structure that was then restricted to obtain a more

parsimonious specification.

IT.1) Annual Data Estimations

In the estimations presented below we have used
annual data for the period 1947 to 1988 for total
non-coffee exports and from 1950 to 1988 for industrial
exports. The problems 1in obtaining such a 1long data
series were not as complicated as in the case of imports.
Nevertheless, the data series are still not completely
satisfactory. The details on how the series were
constructed, their sources and names can be found in

appendix VI.1.1

1) The estimations in this section were performed using
Microfit 3.0, RATS 3.11 and PC-Give 6.01.
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The unit root tests for the annual data serijes are

presented in table VI.1. The critical values for the
tests are roughly - 2.93 for the DF and 'ADF tests and
- 3.50 for the PP test. The tests all point in the same
direction. The varijables in levels are I(1) while the

differences are I1(0).

Table VI.1

Unit Root Tests

CRDW DF ADF PP
lgx1a 0.028 0.717 0.742 0.92 I(1)
1gx2a 0.036 0.267 2.123 0.37 I(1)
lrer8a 0.273 -1.411 -1.172 -1.36 I(1)
lrerba 0.180 -2.044 -1.663 -2.08 I(1)
luti2a 0.549 —-2.246 -2.805 -2.34 I(1)
lrp3a 0.245 -1.114 -0.869 -1.01 I1(1)
lrpda 0.535 -2.143 -1.937 -2.39 I(1)
lyw3a 0.021 1.952 0.479 0.72 I(1)
Algxia 2.103 -6.595 ~6.070 -6.81 I1(0)
Algx2a 1.666 -5.121 -4.259 -5.24 I1(0)
Alrer8a 2.265 -7.435 -5.580 -7.68 I1(0)
Alrer5a 2.249 -7.270 -5.580 -7.64 I1(0)
Alul2a 1.747 -5.340 -4.748 -5.40 I(0)
Alrp3a 2.178 -6.788 -5.300 -7.05 I(0)
Alrp4da 2.069 -6.864 -5.806 ~-7.40 I1(0)
Alyw3a 0.709 -3.754 -3.214 -3. 81 I(0)

1) Iotal Non-Coffee Exports

Equations (1s) and (1d) are respectively the
cointegrated supply and demand equations for total
hon-coffee exports. The coefficients have all the right
sign and are significant at 5%. Moreover the unit root
tests show that the variables cointegrate since the
residuals are I(0).

The demand price elasticity is quite high, partially

confirming the hypothesis that Brazilian exports do not
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affect 1international prices. Therefore, a simultaneous
model 1is not really necessary as far as the estimation of
the supply equation is concerned. The estimation of the
supply equation using OLS yield coefficients that are
quite close to the 2SLS estimations. The OLS estimations
for the price and capacity utilization were respectively
2.610 and -5.354. The major advantage in the simultaneous
model approach is therefore to obtain an estimation for
the demand income elasticity.?

EQ(1s) Modelling l1gxia by 2SLS
The Sample is 1947 to 1985

variable coeff S. E. t-value
const 13.7031 6.5759 2.0838
lrer8at 2.7365 .1998 13.6982
lut2at -5.2374 1.4309 -3.6603
R2 = 0.8454 0 = 0.43096 F(2,36) = 98.4330 DW = 0.8681

DF

-2.685 ADF = -2.496 PP = -2.,95

EQ(1d) Modelling 1gxia by 2SLS
The Sample 1is 1947 to 1985

variable coeff S. E. t-value
const 10.9878 2.0784 5.2867
rp3at -3.0433 .3793 -8.0245
Tyw3at 1.6313 .1186 13.7500

R2 = 0.9256 0 = 0.29907 F(2,36) = 223.7755 DW = 1.,2759

DF -4.164 ADF = -4.178 PP = -5.47

The 1income elasticity of 1.63 1is quite 1low when
Compared with the values available jin the literature. The

Consensus figure seems to be around 2.5. It should be

2) As instruments we used all the exogenous variables
including the constant. The export price was deleted from
variables such as lrer8a and 1rp3a when they were used as
instruments to ensure that only the exogenous variables
were being used.
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noticed though that most of the estimations available

deals with manufactured goods only,

As we will see in the
next section the income elasticity for industrial goods
is much closer to the consensus value.

EQ(2s) Modelling Algxia by 2SLS

The Sample 1is 1948 to 1985

variable coeff S. E. t-value

const .0562 .0268 2.0931

Alrer8at 1.5226 .5770 2.6386

Alui2at -1.2094 . 7935 -1.5241

ecvt -1 -.5962 .1994 -2.9899

RZ = 0.5988 0 = 0.16374 F(3,34) = 8.8750 DW = 2.0138
analysis of 1-step forecasts

date actual prediction error S.D. of error t-value

1986 -.23302 -.07965 -.15337 .17965 -0.85372

1987 .19008 -.12834 . 31842 .17599 1.80093

1988 .14161 -.17507 .31668 . 18554 1.70680

LM(1) = 0.5136 LM(3) = 1.8726 WHITE(1) = 0.4350

RESET(1) = 0.8047 RMSE = 0.2740

EQ(2d) Modelling Algxtia by 2SLS

The Sample is 1948 to 1985

variable coeff S. E. t-value

const .0511 .0337 1.5152

Alrp3at -1.8733 .9820 -1.9077

Alyw3at 1.1349 . 9191 1.2348

€CVt -4 -.62609 .2886 -2.1691

RZ = 0.6524 0 = 0.11834 F(3,34) = 8.1615 DW = 1.8456
analysis of 1-step forecasts

date actual prediction error S.D. of error t-value

1986 -.,23302 .10208 -.33510 .19153 -1.74959

1987 . 19008 .473289 -.28322 .28378 -0.99803

1988 .14161 .39563 -.25402 .23381 -1.08644

LM(1) = 1.5155 LM(3) = 2.3657 WHITE(1) = 1.3590

RESET(1) = 0.25248 RMSE = 0.2927



As far as the supply equation is concerned, the main
thing to notice 1is the high value for the capacity

utilization elasticity. It indicates a substantial
flexibility of switching between the foreign and domestic
markets. This characteristic is quite wusefu]l during
periods of recession since firms can avoid a worse
scenario by increasing sales abroad.

Equations (2s) and (2d) above are the error
correction mechanisms, estimated using the error
correction vector given by the cointegrated regressions.
The results seem to be reasonable. A1l the variables have
the expected sign although some of then are only
significant at 10% or 15%. The Lagrange Multiplier, White
and Reset tests performed for both supply and demand
equations indicate no serial correlation,
heterocedasticity or misspecification problems. The
forecast performance of the model is not exceptional but
in none of the cases, as the t tests for the forecasts
show, the equations break down.

The fit in both equations as measured by the RZ is
relatively low. On one hand this %s not surprising since
we are dealing with I(0) variables. On the other hand, as
the share of non-coffee exports in the total exports was
not very high in the beginning of the sample. Therefore,
1t is possible that other factors not considered in the

equations were of relevance.?3 Moreover, the usual

interpretation of the R2 as the proportion of total

3) In the early 1950s coffee exports represented
approximately 60% of the total Brazilian exports.
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variation in the dependent variable explained by the
exogenous variables do not apply 1in this context since
there are two endogenous variables. The 2S5LS may even
produce a negative R2 since the residual sum of squares
may exceed the total sum of squares.

In most of the cases the impact elasticity 1is quite
high, indicating that a major part of the total
adjustment of the non-coffee exports to changes 1in the
exogenous variables 1is done 1in the current year. In the
case of the supply price elasticity and the demand price
and income elasticity at least 56% of the total impact
happens in the first year.

It 1s only in the case of capacity utilization that
such a thing does not happen. The short run elasticity is
-1.21 compared with a the long run elasticity of -5.24,
This means only 23% of the total impact of a change in
the level of capacity utilization on the total non-coffee
exports happens 1in the current year. This result cast
some doubt on the short run flexibility between the
foreign and domestic markets we have mentioned before.
Nevertheless, as the impact elasticity is grater than one
1t is possible to talk of some flexibility even 1in the
short run.

Finally, as the coefficients of the error correction
vectors are also high it becomes <clear that the
adjustment process is on the whole very fast. Not only a
major part of the total adjustment happens in the first
year but also some 60% of the disequilibrium is corrected

each year.
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2) Industrial Exports

The results presented 1in eguations’ (3s) and (3d)
show that 1in the case of industrial exports the variable
in question also cointegrate.4 The estimated coefficients
have the expected sign and are significant at 5%.

As before the high demand price elasticity indicates
that a single eqguation model estimated by OLS is quite
adequate if one is just interested in the supply
equation. The coefficients of the OLS estimation of the
supply equation, 2.35 for the price elasticity and -5.19
for the capacity utilization elasticity, are very close
to the 2SLS estimates.

EQ(3s) Modelling 1gx2a by 2SLS
The Sample is 1950 to 1985

variable coeff S. E. t-value

const 14.5953 8.4899 1.7191

lrerb5at 2.4849 .2228 11.1602

Tui2at -5.1638 1.8650 -2.7689

R2 = 0.7914 0 = 0.55873 F(2,33) = 62.6061 DW = 0.6554
DF = -2.657 ADF = -2.801 PP = -2.87

EQ(3d) Modelling 1gx2a by 2SLS
The Sample is 1950 to 1985

variable coeff S. E. t-value
const 11.1520 4,0841 2.7306
Irpdat -3.8869 .9102 -4.,2702
lyw3at 2.4827 .1695 14.6471

Rz = 0.8590 0 = 0.45933 F(2,33) = 100.5474 DW = 1.0073

DF = -4.260 ADF = -2.833 PP = -4.40

4) Actually, the PP test for the supply equation is
marginally below the critical value of -2.93.
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The results are in general similar to those obtained
in the previous section. The main difference is the
demand income elasticity. For the industrial exports this
coefficient is 2.48 compared with only 1.63 for the total
non-coffee exports. This 1is an expected result since
industrial goods are in general more income elastic than
agricultural goods and raw materials.

The value of the elasticities are 1in range of the
figures available in the literature. Although most of the
results produce a smaller capacity utilization elasticity
a high value is not without precedent.5

The error correction mechanisms presented in
equations (4s) and (4d). The tests performed 1in both
equations show Nno evidence of serijal correlation,
heterocedasticity or misspecification. The forecast
performance of the supply equation is guite good, having
the smallest root mean square error (RMSE) so far. The
same good results can not be obtained from the demand
equation. Although the t-test in the individual forecasts
are not significant at 5% the errors are substantial
generating a large RMSE. As the prediction errors are all
negative a adjustment in the constant seems appropriate.§

As far as the speed of adjustment is concerned, the

resuits in this section confirm the fact that exports

5) Braga and Markwald (1983) in one of their experiments
obtain a value of 5.2 for the capacity wutilization
elasticity.

6) Actually, the demand equation for industrial exports
also have forecast errors all of the same sign. Thjs may
be taken as an indication that the constant is dr1ft1ng
off at the end of the sample. The results shown‘1ater n
this chapter confirm that some of the coefficients are
time varying.
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seen to have an overall fast adjustment.

Although the

impact coefficients are in general not proportionally as

large as in the case of non-coffee exports, they stil]

imply that a substantial part of the total impact is

accounted for in the first year. Moreover,

as the

feedback coefficients are high any disequilibrium error

is greatly corrected each year.

EQ(4s) Modelling Algx2a by 2SLS
The Sample is 1951 to 1985

variable coeff S. E. t-value

const .0685 .0365 1.8743

Alrerbat 1.2266 .6462 1.8982

Aluil2at -1.5797 1.0164 -1.554?2

ecVt - 1 -.6202 .2151 -2.8837

R2 = 0.5881 g = 0.11129 F(3,31) = 8.6068 DW = 1.9179
analysis of 1-step forecasts

date actual prediction error S.D. of error t-value

18986 -.08516 -.08939993 .00483 22147 0.02181

1987 . 06052 -.025743 .08626 .22157 0.38931

1988 .23044 -.053120 .28356 .22458 1.26262

LM(1) = 1.7088 LM(3) = 2.6547 WHITE(1) = 0.10140

RESET(1) = 0.25369 RMSE = 0.1712

EQ(4d) Modelling Algx2a by 2SLS

The Sample is 1951 to 1985

variable coeff S. E. t-value

const .0620 .0460 1.3480

Alrpdat -1.5722 .7837 -2.0061

Alyw3at 1.0835 .7483 1.4480

e€CVt - 1 -.5135 .2190 -2.3444

Rz = 0.6753 ¢ = 0.20951 F(3,31) = 9.2358 DW = 1.9525
analysis of 1-step forecasts

date actual prediction error S.D. of error t-value

1986 -.08522 .42987 -.51503 .29484 -1.74681

1987 .06052 .57000 -.50948 . 32641 -1.56086

1988 .23044 .58848 ~.35804 .33148 -1.08013

LM(1) = 2.7508 LM(3) = 3.2564 WHITE(1) = 0.04258

RESET(1) =

0.35379

RMSE

= 0.4666
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11.2) Quarterly Data Estimations

The quarterly data estimations were performed using
data from the first quarter of 1975 to the last quarter
of 1988. A1l the series are seasonally unadjusted and the
details about the sources and variables names can be

found in appendix VI.1.

Table VI.2

Seasonal Integration

/8] n2 73 4
lgx1qg 2.331 -4.564 -1.925 -2.788
1gx2q 2.144 -4.776 -2.128 -3.484
lrer4qg 1.021 -4.015 -4.038 -4.548
lrerbsqg ~-1.118 -3.285 -4.,859 -3.637
Tuig -0.634 -0.829 -2.849 -5.472
1rp3q -1.489 -4.208 -3.399 -4,951
1rp4dq -1.297 -3.394 -4.849 -4 .806
lyw2q 4.125 -1.127 -4.003 -4.215

To address the question of unit roots properly we
have to test for their presence not only at the zero
frequency but also at the seasonal ones. The seasonal
Unit root tests are reported in téb]e VI.2. The tests on
7M1 indicate strongly a unit root at the zero freguency
for all the variables. Moreover, the tests on 72, 73 and
T4 1indicate the presence of seasonal unit roots at the
biannual and annual cycle for most of the variables. Only
n the case of 1lulg and lyw2q does there seem to be no

Seasonal unit root at the biannual cycle.’

7) Using the notation developed in chapter four all the
variables are Io(1) and Ii1,2(1), and apart from luiq and
lyw2g also I1,4(1). The critical values for the tests
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Table VI.3

Unit Root Tests

CRDW DF ADF PP
Tax1q 0.169 -1.913 -1.144 ~1.74 I(1)
Tax2q 0.087 -1.582 ~1.415 -1.53 I(1)
lrer4q 0.068 -2.270 -1.194 -2.30 I(1)
lrersq 0.251 -0.821 0.558 ~0.75 I(1)
Tuig 0.160 ~1.749 -1.748 -1.80 I(1)
1rp3q 0.061 -1.073 ~0.724 -1.15 I(1)
1rp4q 0.113 -1.946 -1.008 -1.99 I(1)
Tyw2q 0.103 -0.986 0.025 -0.49 I(1)
Algx1iq 1.952 -7.264 -4.730 -8.41 1(0)
Algx2q 1.872 -6.893 -5.017 -7.30 1(0)
Alrerdq  1.666 -6.767 -4.034 -7.10 1(0)
Alrersq 2.116 ~9.001 ~4.133 -10.06 I(0)
Alutq 2.265 -8.247 ~3.181 -8.35 1I(0)
Alrp3q 1.595 -6.748 -3.131 -6.88 I(0)
Alrpaq 1.866 -8.278 -3.105 -8.58 I(0)
Alyw2q 2.395 -8.076 -3.101 -17.69 1(0)

Although we recognise the presence of seasonal unit
roots and the problems associated with that we pursue
this path no further. Apart from some special cases where
the cointegrating vector is known there 1is nhot a well
developed framework to deal with this question.

The traditional unit root tests are presented 1in
table VI.3. They confirm the test on 7y in indicating the

presence of a unit root (1-L) in all the variables.

1) Iotal Non-Coffee Exports

Attempts to estimate a quarterly data model 1in the
same fashion as before did not produce good results. The
main reason for this poor performance 1is the way one

defines the relative price or real exchange rate

given by Hylleberg et alii (1990) are -2.96, -1.95, -1.90
and -1.72 for respectively 7y, M2, 73 and 74 .
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variable. Until now this variable has been defined as the
ratio between the export prices in dollars, 1including
nominal exchange rates and exports subsidies, and the
domestic prices. The claim made here is that the domestic
price index is not the appropriate variable to be used in
these circumstances.

The slow-down in GDP growth after 1974  and
especially the recession of the 1980s put pressure on
firms to export. As domestic demand was depressed, firms
were driven to foreign markets as a way of escaping
business failure. Therefore, the export decision was made
not on the basis of comparing foreign and domestic prices
but by contrasting foreign prices and domestic export
costs.

A second similar l1ine of argument, that leads to the
same kind of conclusion, 1is also possible. Since the
level of capacity wutilization was quite below the
maximum, profitability became the relevant variable.
Therefore, firms were making export decisions based on
comparing foreign prices and domestic export costs.

Unfortunately, there exists no variable measuring
the evolution of export costs. As the construction of
such a variable is out of our reach we decided to use the
wage costs instead. The 1importance of the ratio between
exchange rate and wages has been discussed 1in the
lTiterature.® We therefore use the evolution of the
domestic wages instead of wholesale prices in

constructing the relative price variable to be used 1n

8) See, for example, Paula Pinto (1982).
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the supply equation. The use of such variable increased
greatly the quality of the results.

The cointegrated regressions are presented in
equations (5s) and (5d). Since there exist only two other
attempts to estimate a supply and demand model for the
Brazilian exports, comparison between the values of the
long run elasticities obtained here and a possible
consensus value is difficult. Moreover, these two
previous attempts did not produce similar results.?® It is
interesting to note though that in the case of Fachada
(1990) and Zini (1988), the estimated supply price
elasticity was not significant at 5%.

EQ(5s) Modelling 1gx1g by 2SLS
The Sample 1is 1975(1) to 1987(4)

variable coeff S. E. t-value

const 10.1623 2.6707 3.8051
lrer4qt 1.4721 .1783 8.2554

Tuigt -3.0647 .4972 -6.1641
R2 = 0,.7586 00 = 0.2077 F(2,49) = 76.9714 DW = 1.2522
DF = -4.994 ADF = -5,021 PP = -3.21

EQ(5d) Modelling 1gx1g by 2SLS
The Sample is 1975(1) to 1987(4)

variable coeff S. E. t-value

const .5299 3.7765 .14032

Trp3aqt -1.7247 .8997 -1.9170

Tyw2Qqt 1.5579 .4709 3.3087
R2 = 0.7616 0 = 0.20639 F(2,49) = 78.2659 DW = 0.9137
DF = -3.770 ADF = -4.515 PP = -3.53

The wunit root test 1indicates that the variables

cointegrate. The demand price elasticity seems to be low,

9) See table I.8 in chapter one.
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showing that the smal] country hypothesis is not
appropriate 1in this case. This contrasts with the
findings 1in the annual data estimation. The reason for
thi1s apparent contradiction may lie in the fast growth of
the Brazilian exports since the mid sixties. It seems
that the small country hypothesis has recently became
inadequate. A time varying parameter mode] estimated
using annual data may be used to give support to such
idea.

The error correction mechanisms are presented 1in
equations (6s) and (6d). As it happened with the annual
data estimations most of the total impact 1is accounted
for in the first period. At least 50% of the total impact
of a change 1in the exogenous variable happens 1in the
first quarter. The feedback coefficients are also quite
high considering we are using quarterly data. Some 26% to
30% of the disequilibrium is corrected each quarter.

The equations not only pass all the tests for serial
correlation, heterocedasticity and misspecification but
also show a very good predictive power. The RMSE 1in both
equations are remarkably small, showing a great
improvement in relation to the annual equations. Another
noteworth feature 1is that 1in all the equations the
dynamics is quite simple.

The seasonality question was addressed by adding
seasonal dummies for the first three quarters. In both

Supply and demand equations the seasonal dummies

contributed substantially to 1improve the results. An F
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test for the joint significance of the seasona]

dummies
indicated that they are jointly significant at 5%.
EQ(6s) Modelling Algx1g by 2SLS
The Sample is 1975(2) to 1987(4)
variable coeff S. E. t-value
const -.0278 .0338 -.8244
Alrer4qt .9256 .5005 1.8495
Aluigt -2.9069 .6562 -4.4298
ecVvt -1 -.3016 .1057 -2.8531
s1 -.1124 .0510 -2.2029
s2 . 1870 .0558 3.3488
s3 . 1044 .0458 2.2804
R2 = 0.6959 0 = 0.10596 F(6,44) = 16.7809 DW = 1.9541
analysis of t1-step forecasts
date actual prediction error S.D. of error t-value
88Q1 -.14474 - ,20572 .06098 .11908 .51290
88Q2 .24728 .08125 .16603 . 11571 1.43490
88Q3 .06710 ~.00941 .07651 .11678 .65510
88Q4 -.16926 -.19420 .02494 .11469 .21746
LM(1) = 1.2358 |M(4) = 4.3367 WHITE(1) = 3.0321
RESET(1) = 0.33249 RMSE = .00944
EQ(6d) Modelling Algxig by 2SLS
The Sample is 1975(2) to 1987(4)
variable coeff S. E. t-value
const -.1524 .0717 -2.1245
Alrp3qt -1.6499 .5003 -3.2981
Alyw2qat .8190 .4905 - 1.6698
eCVt - 1 -.2576 .1012 -2.5470
s1 .0372 .1015 . 3666
s2 .2851 .0647 4.4056
s3 .2651 .0942 2.8156
RZ = 0.6302 0o = 0.1162 F(6,43) = 12.2111 DW = 1.486
analysis of 1-step forecasts
date actual prediction error S.D. of error t-value
88Q1 -.14474 -.14141 -.00333 .12351 -.02696
88Q2 .24728 .20373 .04355 .12182 .35749
88Q3 .06713 -.02184 .08896 . 12806 .69467
88Q4 -.16926 -.10878 -.06048 .12086 -.50041
LM(1) = 3.0325 LM(4) = 10.2040 WHITE(1) = 0.31536
RESET(1) = 0.41612 RMSE = 0.05804



We also tried to estimate the ECM in terms of annual
changes, that is using As instead of A. It did not
improve the results. The only noteworthy aspect 1is the
increase in the value of the feedback coefficient. It got

closer to the high values we obtained 1in the annual

estimations, reinforcing the didea of a fast adjustment

process.

2) Industrial Exports

The results the industrial exports are 1in general
quite similar to those of total] non-coffee exports.
Actually, a closer examination of the series 1involved,
especially the dependent variables, shows a substantially
close evolution during the period considered.

EQ(7s) Modelling 1gx2q by 2SLS
The Sample is 1975(1) to 1987(4)

variable coeff S. E. t-value

const 12.0790 2.8560 4,2294

lrer5qgt 1.7941 .1907 9.4087

lutagt -3.8968 .5317 -7.3293
RZ = 0.8098 ¢ = 0.22211 F(2,49) = 104.314 DW = 1.1691
DF = -4.757 ADF = -4.409 PP = -3.50

EQ(7d) Modelling 1gx2g by 2SLS
The Sample 1is 1975(1) to 1987(4)

variable coeff S. E. t-value

const -2.0838 4.7556 -.43819

Irp4qe -1.7533 1.1378 -1.5409

Tyw2at 2.1460 .5742 3.7373
R2 = 0.81371 0 = 0.21982 F(2,49) = 107.018 DW = 0.6735
DF = -3.066 ADF = -2.803 PP = -2.98
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EQ(8s) Modelling Algx2qg by 2SLS
The Sample is 1975(2) to 1987(4)

variable

coeff S. E. t-value

const .0303 .0312 - .9705

Alrerbqgt 1.0422 .5890 1.7693

Alulqt -3.0428 . 6405 -4.7509

ecVt - 1 -.2288 .0917 ~2.4955

s1 -.1543 .0473 -3.2636

s2 .0895 . 0490 1.82563

s3 .0328 .0443 . 7395

RZ = 0.60233 0 = 0.10362 F(6,44) = 11.1075 DW = 1.8591

analysis of 1-step forecasts

date actual prediction error S.D. of error t-value
88Q1 -.10393 -.169855 .06562 .11461 -.572565
88Q2 .18752 .03900 .14852 .11276 1.31713
88Q3 .00918 .00912 .00006 .11359 . 00052
88Q4 -.0844 -.09006 .00561 .11044 -.05079
LM(1) = 2.3256 LM(4) = 5.2019 WHITE(1) = 0.44181
RESET(1) = 1.0307 RMSE = 0.08124

EQ(8d) Modelling Algx2g by 2SLS

The Samplie is 1975(2) to 1987(4)

variabie coeff S. E. t-value

const -.1401 .0846 -1.6585

Alrp4dagt -1.4723 .5960 -2.4700

Alyw2qt 1.4858 .8992 1.6523

eCcVt -1 -.2013 .0989 -2.0350

s .0806 .1209 .6670

s2 . 1805 .0684 2.6384

s3 .2627 .1110 2.3665

R2 = 0.6417 ¢ = 0.13332 F(6,44) = 8.8068 DW = 1.7316

analysis of 1-step forecasts

date actual prediction error S.D. of error t-value
88Q1 -.103983 -.13058 .02666 .14280 .18669
88Q2 .18752 .16829 .01923 . 13986 .13749
88Q3 .00918 -.00238 .01156 .15015 .07699
88Q4 -.08445 .02983 -.11428 .13994 -.81663
LM(1) = 1.2689 LM(4) = 1.9488 WHITE(1) = 0.00011
RESET(1) = 0.80561 RMSE = 0.059735
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As far as the cointegrated regressions are concerned
the main differences are the long-run income and capacity
utilization elasticities. As argued above, the income
elasticity is normally expected to be higher in the case
of industrial goods. The greater capacity wutilization
elasticity is also expected since the 1industrial sector
is in general more agile in changing sales between the
domestic and foreign markets.

The error correction mechanisms are shown in
equations (8s) and (8d). Once more the similarity with
the previous results is evident. The adjustment process
is very fast not only in the sense that a substantial
part of the disequilibrium 1is corrected each period but
also that most of the tota]l impact happens inh the first
quarter.

It seems generally true that the adjustment process
for the exports is quite fast 1in both annual and
quarterly data. This is especially so when compared with
the results for 1imports presented 1in the previous
Chapter. Apart from the case of intermediate goods the

overall pattern seems to suggest that imports have a more

slow and complicated adjustment process.

III) Iime Varyving Parameter Models

In this section we present the results for the time
varying parameters models. In contrast to chapter five we
do not rely only on the Kalman filter estimation, but use
three different methods all of which were discussed 1in

Chapter four.
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As a first approximation the Kalman filter is
applied to the supply and demand equations obtained
above. As the results were not at alj satisfactory we
also considered the bayesian and switching regressions
approaches, 10 |

The objective of these estimations is to determine
whether or not the changes in Brazilian trade policies or
other 1international events had an impact on the stability
of the coefficients. As we will see below the results are
much less conclusive or clear than 1in the case of

imports.

1) Kalman Filter Estimation

The Kalman filter estimations were performed in the
same fashion as in chapter five. The hyperparameters were
calculated by a maximum likelihood approach and then used
in the filter recurssions. A diffuse prior and a unit
state vector were used to start the filter.

As we have a simultaneous model the Kalman filter
cannot be applied to each individual equation. In such
cases the extended Kalman filter 1is the appropriate
algorithm to use.'!' Unfortunately, we did not have the
software facilities to perform the extended Kalman
filter. Therefore, we had to simply apply the Kalman
filter to each one of the equations. We did not consider
the reduced form since 1in this case errors 1in one

equation are carried out to the other ones.

10) The estimations in this section were performed using
the programs REG-X, GAUUS 2.0 and BATS 1.4.
1) See Chow (1983).
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As far as the supply equations are concerned this
shortcoming should not distort the results very much
since the demand price elasticity is high. Even in the
case of the quarterly data estimations where the demand
price elasticity was not quite so high it is still around
1.7 to 1.8,

The results of the Kalman filter estimations are
shown below. Equations (9s), (8d), (10s) and (10d) are,
respectively, the cointegrated regressions and error
correction mechanism for the total non-coffee exports
while equations (11s), (11d), (12s) and (12d) are
concerned with the industrial exports.

As 1t can be seen by the t tests on the
hyperparameters, none of the coefficients in any of the
equations can be assumed to be time varying. This result
can be interpreted in different ways. The first
conclusion one can draw from these results is that the
coefficients are indeed not time varying and, therefore,
the models 1in the previous sections are the appropriate
ones,

In the case of the quarter]f data estimations this
explanation is quite plausible. Since the main change in
the export policy happened in the mid sixties, one should
not be surprised that equations estimated using data from
1875 to 1988 have fixed coefficients. Even the “maxi
devaluations” of 1979 and 1983 that had an impact on the
coefficients of the import eguations should be expected

to have a smaller effect on the export supply

coefficients. Exporters traditionally had access to the
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black market and, therefore, the "maxi devaluation" may
have affected mainly the amount of the foreign currency
sold for the central bank, leaving the coefficients
relatively stable. On the other hand, it is more
difficult to accept that the comprehensive exports
incentives policy of the mid sixties did not have an
impact on the coefficients of the annual equations, at
least as far as the long run elasticities are concerned.

A second possible explanation for the failure of the
t test in pointing out parameter instability is that we
are not using the appropriate algorithm., The use of the
extended Kalman filter may change the results in favour
of the time varying parameters model. Moreover, 1in some
of the equations above the t statistics are not reliable
due to singularities in the Hessian matrixes when
estimating the hyperparameters.

Finally, it is also possible that the change in the
parameters is not being picked up because it is
concentrated in a short period of time. If the parameters
have a step change it 1is possible that the maximum
likelihood estimation of the hyperparameters misses such
a change. The maximum 1likelihood approach may be not
powerful enough to pick up a step change. As the

introduction of export incentives is concentrated in the

mid sixties a step change can not be ruled out.

EQ(9s) Modelling 1gx1a by Kalman Filter

Hyperparameter standard error t statistic
const 216.31 2713.3 0.07972
lrer8at 0.00000 0.00000 0.01295

Tut2at 10.266 187. 11 0.054866
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EQ(9d) Modelling lgxia by Kalman Filter

Hyperparameter standard error

const 54.176 59.580
Irp3at 688.80 1122.5
lyw3at 0.00000 0.00000

EQ(10s) Modelling Algxia by Kalman Filter

Hyperparameter standard error
const 0.01674 0.01787
Alrer8at 0.01179 0.09186
Alut2at 0.00000 0.00000
ecvt -1 0.05603 0.09876

EQ(10d) Modelling Algxia by Kalman Filter

Hyperparameter standard error
const 0.00000 0.00000
Alrp3at 348.24 199.32
Alyw3at 1.4083 3.3410
ecvt -1 0.14596 0.18676

EQ(11s) Modelling l1gx2a by Kalman Filter

Hyperparameter standard error
const 25794.0 49236.0
lrerbat 116.92 1562.93
lut2at 19714.0 30096.0

EQ(11d) Modelling lgx2a by Kalman Filter

Hyperparameter standard error
const 97.492 56.358
Trpdat 1287.7 1830.7
lyw3at 0.00000 0.00000

EQ(12d) Modelling Algx2a by Kalman Filter

Hyperparameter standard error
const 0.15208 0.14110
Alrer5at 0.50255 0.74880
Alut2at 0.00000 0.00000

€Cvte - 1 0.01194 0.12802

~t statistic

0.09093
0.61360
0.00000

t statistic
0.93657
0.12837
0.00084
0.56735

t statistic
0.00103
1.7471
0.42153
0.78155

t statistic
0.52390
0.76456
0.65504

t statistic
1.72986
0.70336
0.00000

t statistic
1.0778
0.67114
0.00059
0.08257
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EQ(12d) Modelling Algx2a by Kalman Filter

Hyperparameter standard error t statistic
const 0.50678 0.33817 1.4986
Alrpdat 102.74 91.279 1.1256
Alyw3at 0.00283 0.07528 0.0375
ecvt - 1 0.00000 0.00000 0.0006

To take into account this idea that there 1is a
possible pitfall 1in the hyperparameters estimation, we

use two other approaches to time varying parameters that

avoid this problem.

2) Ihe Switching Regressions Approach

The switching regressions approach was discused 1in
chapter four. Here we use the simplest version of the
switching regressions model where there is only one
change 1in regime. The procedure used is a variant of the
one discussed 1in chapter four since we are dealing with
simultaneous equations. We have used the adaptation of
the 2SLS method proposed by Goldfeld and Quandt (1976a).
Although two other more efficient full information
methods exist, the 2SLS 1s of much simpler
implementation. It only 1involves performing successive
OLS estimations. For the reasons briefly discussed in the
previous section we will restrict the analysis thereafter
to the long run elasticities.

The results of the switching regressions estimations
s presented in tables VI.4 and VI.5. They show the
maximum of the likelihood function for a selected period

around the switching date as well as the posterior odds

ratio (POR).



POR = exp (log Lt - 1log Lt )
where t’ 1s the switching point.

The POR gives a measure of the degree of confidence
one can have 1in the estimated switching point. It
indicates the likelihood that the switch actually
occurred around the switching date. It, therefore, gives
a region where the switch is likely to have occurred. In
other words it indicates how flat is the l1ikelihood
function around the maximum. If it 1is flat the POR’s
around the switching point will be close to one,
indicating that a number of dates can be picked as the

possible switching point.

Table VI.4

Supply Equations

total exports industrial exports
-log L POR -log L POR

1958 15.688 0.0017 25.753 0.0008
1959 14.893 0.0037 25.460 0.0011
1960 13.9820 0.0098 25.002 0.0017
1961 12.520 0.0396 24.724 0.0022
1962 11.102 0.1632 23.452 0.0080
1963 12.049 0.0633 22.457 0.0217
1964 9.290 1.0000 19.065 0.6447
1965 9.551 0.7698 18.626 1.0000
1966 11.665 0.0930 19.733 0.3306
1967 12.056 0.0629 21.021 0.0912
1968 14,621 0.0048 23.255 0.0098
1969 13.448 0.0156 22.826 0.0150
1870 11.584 0.1008 22.705 0.0169

The results indicate that the switching point for
the supply eguations is around 1964/1966 while for the

demand equations it 1is around 1974/1976. We have also
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tried to confirm the switching point by performing a
likelihood ratio test. The results are in table VI.6 and
the critical values are given for a X2 with three degrees
of freedom.'? The tests confirm 1964 ang 1965 for the
supply equation and 1975 and 1976 for the demand equation

as, respectively, the switching dates of total non-coffee

and industrial exports

Table VI.5

Demand Equations

total exports industrial exports
-log L POR -log L POR
1969 15.016 0.0021 10.736 0.0075
1970 13.503 0.0095 8.682 0.0588
1971 13.543 0.0091 7.302 0.2339
1972 11.975 0.0437 9.006 0.0426
1973 10.618 0.1699 10.370 0.0109
1974 9.747 0.4059 9.085 0.0393
1975 8.845 1.0000 6.813 0.3813
1976 9.278 0.6486 5.849 1.0000
1977 10.150 0.2712 7.381 0.2161
1978 10.649 0.1647 8.536 0.0681
1979 11.781 0.0531 10.034 0.0152
1980 11.760 0.0542 9.116 0.0381
1981 10.395 0.2122 9.273 0.0326
1982 18.352 0.0001 7.456 0.2005

The change 1in regime in the mid sixties coincides
with the beginning of the export incentive policy. On the
other hand, the regime change 1in the demand eguations may

be related to the increase 1in protectionism 1in the

12) Goldfeld and Quandt (1976b) point out that although
the likelihood ratio test for the switching.regre581ons
do not have an "appropriate” asymptotic X2 Q1str1butwony
it seems that, "for reasons that are not entirely ;1ear ,
a X2 with three degrees of freedom '"may give an
acceptable approximation”.
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developed countries, the dollar crisis in the early
1970’s or to a increase of the Brazilian share in the
world exports. The recession in the developed countries
since the end of the sixties and the 011 crises lead to
protectionist policies that may account for the change in
the parameters of the exports demand equations. This
situation was not helped by the financial crisis caused
by the run on the dollar in the early seventies. Another
possible complementary explanation of the change 1in
regime is that since the world share of the Brazilian
export was increasing Brazil was moving away from its
traditional position of small country. Therefore, one
might expect a possible increase in the supply price
elasticity and a reduction in the demand income and price

elasticities.

Table VI.6

Likelihood Ratio Tests

total exports 1ndustrial exports
supply demand supply demand
18.344 9.908 24.5189 7.817

To examine the possible source of the change 1in
regimes we reestimate the cointegrated regressions
allowing both the slope and intercept coefficients to
Cchange between regimes. The use of dummy variables was
then restricted to those coefficients that were

significantly different from zero.
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The results for the demand of total non-coffee
exports are 1in contradiction with the early findings
since none of the coefficients showed a significant step
change. Equations (13s) and (14s) are the supply
equations for total non-coffee and industrial exports
respectively. In both cases there seems to be a step
change 1in the relative price variable that may account
for the change in regime. The step change happened as
result of the announcement and introduction of export
subsidies.

As could be expected, the change in the long-run
supply price elasticity of industrial goods is
substantially bigger than in the case of total non-coffee
exports, since the export incentives were mainly directed
to manufactured goods. The supply price elasticity of
industrial exports increased by 15.5% while for tota]
non-coffee exports the increase was only 5.6%.

Equation (14d) 1is the cointegrated regression for
the demand for industrial exports. It shows that both
price and 1income elasticities change after 1976. Both
elasticities are reduced, which 1is 1in 1line with the
argument of 1increases both 1in protectionism and in the
Brazilian share of world industrial export markets. The
demand price elasticity for industrial exports is reduced
by 42.4% while the income elasticity falls by 65.2%.

Although the changes happen at the expected dates
and in the right direction in both supply and demand
cases they are not quite substantial. This is especially

S0 when comparing with some of the changes in the 1mport
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demand elasticities.

capital goods

imports,

The demand elasticities of total

for example,

100% during the estimation period.

EQ(13s) Modelling lgxta by 2SLS
The Sample 1is 1947 to 1988

variable coeff S. E. t-value

const 17.2984 6.52393 2.6494

lrer8at 2.1823 .3462 6.3044

lui2at -5.5298 1.4541 -3.8027

lrer8aDt .1229 .0506 2.4299
Rz = 0.86067 0©0 = 0.44336 F(3,38) = 78.246 DW = 0.76195
DF = -2.732 ADF = -2.268 PP = -2.81

EQ(14s) Modelling 1gx2a by 2SLS

The Sample 1is 1950 to 1988

variable coeff S. E. t-value

const 18.8945 6.8768 2.7476

lrerb5at 1.5372 . 2996 5.1303

lut2at -5.2928 1.5196 -3.4828

lrer5abDt 23771 .0527 4.5168

RZ = 0.87353 0 = 0.46902 F(3,35) = 80.583 DW = 0.43833
DF = -2.191 ADF = -2.922 PP = -2.57

EQ(14d) Modelling l1gx2a by 2SLS

The Sample is 1950 to 1988

variable coeff S. E. t-value

const 10.1548 4.0454 2.5102

lrpdat -3.9235 1.0166 -3.8595

lyw3at 2.8148 . 3437 8.1880

lrpdaDt 1.6654 .6709 2.4824

lyw3aDt -1.8345 . 7321 -2.5059
Rz = 0.89767 0 = 0.46902 F(4,34) = 74.563 DW = 1.1222
DF = -5,072 ADF = -3.456 PP = -5.17

In conclusion, then, unlike Kalman filter, the

switching regression approach shows some evidence of
parameter variation, although this variation 1is Jless

and

show changes of over



substantial than that observed in the results obtained

for 1mports.

3) The Bavesian Approach

A second way to by-pass the hyperparameters
estimation is to wuse the Dynamic Linear Model (DLM)
proposed by West and Harrison (1989). This mode] was
discussed 1in chapter four for the single equation case.
As we are dealing with a simultaneous equation system we
follow Rothenberg (1975) and instrument the price
variable 1n both the supply and demand egquations. 1In
other words, we perform a Kkind of 2SLS where the
correlation between the right hand side endogenous
variable and the error 1is eliminated in the first stage
and the DLM 1is applied in the second stage.

Consider the DLM described below where Yt 1is the
dependent variable and Xit and Xzt are the exogenous
variables. The model 1is quite similar to the Kalman
filter model used above in which the coefficients follow
a random walk. The only difference is in the intercept or

level term which now is of second order.

Yt = at + X1t S1t + Xzt b2t + Vt
at = 0t-1 + Bt-1 + €1t
Bt = Bt-1 + €2¢

1t S1t-1 + €1t

S2t-1 + §2t

2t
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In terms of West and Harrison (1989) notation the mode]

above can be rewritten in a more compact form as

Yt: Ft: et + )/t Vt ~ N (O’V)
6,= G 6, ,+ w0, W, ~ N (0,Wt)
where
gt ; €t
€
o, = t F, = w = 2t
t A t X1t t €.,
S2t X2t §,.
11 01
c-.| 0100 w_[wmo}
0010 t 0 w2t
0 0 0 1

The state vector 6t is estimated in the same way as
in the Kalman filter, but the "hyperparameters” V and Wt
are obtained in a different way. As discussed in chapter
four the variance V 1is obtained by "variance learning”,
while the problem of estimating the covariance matrix Wt
s substituted by the setting of- discount factors, one
for each block of the model.

The DLM 1is constructed by putting together separate
building blocks. In our case we have two of such blocks,
the linear trend and regression components. That 1is why
Wt 1s decomposed into Wit and Wzt. Therefore, we will
also need two discount factors.

A reference prior created from a initial

uninformative prior and the first five observations was



used to start the estimations. Once the first results
were obtained a more informative prior was considered but
the results were not much different. The discount factors
used were 0.98 for the linear trend component and 0.90 to
0.95 for the regression component.

The coefficient paths for the supply and demand
equations of total non-coffee exports are presented 1in
figures VI.1 to VI.8. The supply price elasticity shown
in figure VI.1 1is quite stable. The only recognisable
change happens between 1968 and 1974 when the supply
price elasticity increases smoothly, from 0.76 in 1968 to
0.98 1in 1974. The other supply coefficients in figures
VI.2 to VI.4 remain relatively constant.

This change in the supply price elasticity is partly
in line with the findings of the previous section. The
supply eguation estimated wusing dummy variables also
pointed to a small increase in the price elasticity.
Nevertheless, the timing and shape of the change do not
match. Previously we had the coefficient having a step
change in 1964 while now the change happens smoothly
between 1968 and 1974. Therefore, the two models give
different results for the 1impact of the export incentive
policies of the mid sixties. In the first case the change
is concentrated in the beginning of the implementation of
the export incentive policies, while in the second case
it is distributed along the period over which such
policies were implemented.

As far as the demand eguation 1is concerned the

results are also not quite the same as the ones in the
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Figure VI.1{
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Figure IV.3
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Figure 1IV.5
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Figure 1Iv.7
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previous section. Both the demand price elasticity in
figure VI.5 and the level term in figure VI.7 show some
small variation. The price elasticity decreases from -2.5
in 1965 to -2.1 1in 1982, while the level shows a constant
decline.

Note that again the change in the price elasticity
is quite smooth, suggesting that a step change may be
inappropriate. A further indication that a logistic
switching may be more appropriate is given by the fact
that the break point in the switching regressions is
included in the period over which the change 1in the price
elasticity happens. Possible reasons for this change 1in
the demand price elasticity can again be found in the
increase 1in protectionism and in the Brazilian share of
world export markets.

Finally, it must be said that although the income
elasticity 1in figure 1IV.6 appears to be very much
constant there exists a substantial increase in
uncertainty over this coefficient after 1972. As the
standard errors fastly increase the confidence that this
coefficient 1is actually constant may be challenged. In
other words one is not so sure about the fixed point
estimate in the end of the sample as one was 1in the
beginning.

Figures VI.19 to VI.12 and VI.13 to VI.16 show the
coefficient path for the supply and demand for industrial
exports equations respectively. The results are 1n

general less satisfactory than those for total non-cof fee

exports. The supply price elasticity does not show am
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Figure IV.9
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Figure IV.11
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Figure 1IV.13
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significant variation pattern. That 1is quite surprising

since the export incentive Policies were directed
targeted to this kind of exports. In the light of this
result the supposed impact that this policy had on the
supply price elasticity of tota] exports must be
reconsidered.

The capacity utilization elasticity shows a step
change in 1983, Jjumping from -6.25 to -5.10. This jump
may be explained by the magnitude of the recession in
1983. This was the deepest recession since records began
in 1947. Firms that were already switching sales to
foreign markets since the recession of 1981 found it
increasingly difficult. It should be noted, however, that

the standard error of this coefficient 1is quite large
throughout the sample period, hence not too much
importance should be attached to this change.

The Tlevel term is the only coefficient to show a
clear change. As can be seen 1in figure VI.11 the level
term increases continuously during the sample period.

The demand equation coefficients also exhibit Tlittle
change. Although the demand price elasticity and the
level term in figures VI.13 and VI.15 show clear and
smooth changes they are both very small. The income
elasticity seems to be constant but, as in the case of
total exports, there is an increase in uncertainty since

the early seventies.
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IV) Conclusions and Remarks

In this chapter we have adopted the Same approach as
in the previous one, which deals with import demand. We
started Dby estimating a fixed coefficient error
correction model and then considered the possibility of
time varying parameters by using the Kalman filter. 1In
this case, however, the Kalman filter failed to produce
time varying coefficients. Since this result may have
been caused by the way the hyperparametres are estimated
we decided to investigate this matter further through the
use of bayesian and switching regression techniques. 1In
other words the maximum 1likelihood estimation of the
hyperparametres seen not to be the appropriate approach
in this case.

As far as the fixed parameter models are concerned,
the main feature 1is the simple and fast adjustment
process. Not only most of the total impact of changes in
the exogenous on the dependent variables happen in the
first period, but also the high feedback coefficient
indicates a fast correction of towards the equilibrium,
This result is in direct contrast to the one we have
obtained for imports.

This contrast 1is also present in the time varying
parameters models. In the case of exports the results 1in
this chapter seem to suggest that the parameter
instability is not as substantial as 1in the case of
imports. Although the three different approaches give
some different indications the general impression is that

of possible small change in coefficients. This change
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seems to be concentrated 1in the second half of the
sixties for the supply equation and in the mid seventies
for the demand equation.

There is no doubt that further research is needed to
clarify the results. 1In the switching regressions
approach the use of 1logistic switching may give some
interesting results. As the bayesian approach have shown,
some of the coefficients seem to present a logistic
change between the mid sixties and early seventies. The
logistic change made explained by a learning process or
for costs associated to a fast adjustment to the new
regime. If it takes time for the economic agents to fully
realise the consequences of the new policy or 1if the
information set 1is asymmetric there will exist the need
for a Tearning period. On the other hand, if there is a
possibility that the policy will be reverted in the near
future agents may choose to adjust slowly to the new
regime.

In the Kalman filter approach the use of the
extended Kalman filter may also bring some more light to
the discussion.

More generally the different results given by the
Kalman filter and bayesian estimation seem to point out
the need for a more extensive research comparing this two
approaches. Future theoretical and empirical research
should concentrate on the effects of the way the
variances or hyperparameters are obtained on the final
results. As far as the results 1in chapter are concerned

the bayesian approach seems to be more versatile than the
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Kaiman filter. It seems to be able to accommodate step

changes as well as steady coefficient changes.



APPENDIX VI . 1

I) Quarterly Data
A1l data are from 1975 to 1988 and correspond to
seasonally unadjusted 1indexes 1984=100 unless stated

otherwise.

1) Eoreiagn Trade Indexes

The price indexes are Paasche while the indexes of
quantum are Laspeyres.
- gx1g = Total exports except coffee.
Source: for 1975-1986, Comjuntura Economica, column 2,
several issues; for 1987-1988, the series was extended
using the rate of growth of the same index calculated by
the Central Bank.
- gx2q = Exports of industrial goods.
Source: for 1975-1986, Comjuntura Economica, column 7,
several 1issues; for 1987-1988, same as above.
- px1g = Total exports except coffee.
Source: for 1975-1986, Comjuntura‘Economica, column 14,
several issues; for 1987-1988, the series was extended
using the rate of growth of the same index calculated by
the Central Bank.
- px2q = Exports of industrial goods.
Source: for 1975-1986, Comjuntura Economica, column 189,

several issues; for 1987-1988, same as above.
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2) Activity Yariables

- yw2a = World import volume, calculated as the ratio
between value of world import and worid import unit value
index.

Source: IFS/IMF, several issues.

- ulg = capacity utilization in the industrial sector.

Source: Comjuntura Economica, several issues.

3) Price Variables

- pdbg = exports cost index. Constructed using wage data
from IBGE and FIESP.

Source: IBGE (1990) and Comjuntura Economica, several
issues.

- eré6g = Index of exchange rate for total exports (basket
of currencies/cr$). In the basket of we have included 7
currencies: dollar, pound, French franc, Italian 1lira,
florin, Japonese yen, German mark.

Source: Boletin do Banco Central, several issues.

- pXw2q = Industrial countries export unit value index.
Source: IFS/IMF, sereval issues.

- 8q = rate of export subsidies for manufactured goods.
The quarterly data was obtained from the annual estimates
by assuming a linear growth.

Source: for 1975-1985, Baumann and Moreira (13887); for
1986 we assumed a reduction of 10%; and for 1987-1988 we
assumed the subsidies were kept constant at the 1986

level.
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4) Yariable Names

- lax1g = In (gx1q)

- lagx2g In (gx2q)

- lrerd4qg = 1n ((er6qxpxi1gx(1+sq))/pd5q)

- lrer5q = 1n ((er6q*px2q*(1+sq))/pd5q)

- 1rp3a = In((px1q/pxw2q)*100)
- 1rp4a = Tn((px2q/pxw2q)*100)
- lyw2g = 1n (yw2q)

- lutg = In (utq)

IT) Annual Datg
A1l data are from 1947 to 1988 and correspond to

index 1984=100 unless stated otherwise.

1) Foreign Trade Indexes

The price indexes are Paasche while the 1indexes of
quantum are Laspeyres.
- gqxla = Total exports except coffee.
Source: for 1947-1986, Comjuntura Economica, column 2,
several 1issues; for 1987-1988, the series was extended
using the rate of growth of the same index calculated by
the Central Bank.
- gx2a = Exports of industrial goods.
Source: for 1950-1986, Comjuntura Economica, column 7,
several issues; for 1987-1988, same as above.
- pxta = Total exports except coffee.
Source: for 1847-1986, Comjuntura Economica, column 14,

several issues; for 1987-1988, the series was extended



using the rate of growth of the foreign trade indexes
calculated by the Central Bank.

- px2a = Exports of industrial goods.

Source: for 1950-1986, Comjuntura Economica, column 19,

several issues; for 1987-1988, same as above.

2) Activity Variables

- yw3a = Wolrd 1import volume index. Before 1950 the real
world imports 1is used

Source: IFS/IMF, Trade Statistics Supplement.

- ul2a = GDP gap from a two period moving avarege process
with 1928 as the base year. (bt = [(ylat-1/ylat-2) +
(ytat-2/ylat-3)1/2) and ypt = bt ypt-1)

Source: for 1920-1946, Zerkoviski and Veloso (1982): for

1947-1988, IBGE (1990).

3) Price Variables

- pd4a = Industrial goods wholesale price.

Source: Conjuntura Economica, column 27, several issues.

- erd4a = Index of exchange rate cr$/US$ for total exports
except coffee. As before this export rate represents the
amount effectively receive when selling foreign exchange.

Source: for 1947-1953, Boletin da SUMOC, several
issues;for 1953-1957, weighted average of categories II,
III and IV, Simonsen (1961); for 1957-1960, Ipea (1966);
for 1960-1988, Boletin do Banco Central, several issues;

- erb5a = Index of exchange rate cr$/US$ for exports of
industrial goods. As before this includes all extra

revenues of selling foreign exchange.
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Source:. same as above but for 1953 18957, category 1Iv
only.

- sa = rate of export subsidies for manufactured goods.
Source: for 1969-1985, Baumann and Moreira (1987); for
1986 we assumed a reduction of 10%: and for 1987-1988; we

assumed the subsidies were kept constant at 1986°'s level.
- pxw2a = Industrial countries export unit value index.
Again, for 1947/48 the series was obtained using USA
data.

Source: IFS/IMF, several issues.

4) Yariable Names

- lgxta = 1n (gxta)
- 1gx2a = 1n (gx2a)
- Trerba = In ((er5axpx2a*x(1+sa))/pdda)
- lrer8a = In ((erd4a*pxtax(1+sa))/pdda)
- 1rp3a = In((pxta/pxw2a)*x100)
- 1rpda = In((px2a/pxw2a)*100)
- lyw3a = In (yw3a)
- lui2a = In (ul2a)
III) Graphs
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CHAPTER VII

CONCLUSIONS

The main objective of this thesis was to increase
the understanding of Brazilian foreign trade by
estimating and analysing the results of time varying

parameter models for the Brazilian trade equations.

The question of parameter varijation rises, on the
one hand, as result of the several changes in the trade
policy regime Brazil has experienced over the last four
decades, as described in chapter three. During this time
we have seen multiple and single exchange rate systems,
the 1introduction of the crawling peg rule and its
temporary break by the "maxi devaluations”, the
introduction of ad valorem tariffs, the partial end of
the import substitution policies in 1964 associated with
the creation of a new and extensive structure of export
incentives, and the imposition of all kinds of direct
controls on imports. On the other hand, the two major
import substitution plans, carried out in 1957/60 and
1974/78, aimed at developing new industries, especially
in the capital and intermediate goods sector, had an
important impact on Brazilian industrial structure and,
consequently, on the trade pattern.

As Lucas (1976) and Goldstein and Khan (1985) have
pointed out, these facts should have had some impact 1in

terms of creating instability 1in the trade equation
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coefficients. The results presented in chapters five and

SiX generally confirm the existence of parameter
instability, especially in the case of the import demand.

In the case of the fixed parameter models the values
we obtained for the long run trade elasticities are in
general not very different from the ones available in the
literature. The main difference from previous work is in
the short run dynamics. The use of the error correction
mechanism allowed the dynamics to be data determined and,
therefore, it overcomes the 1limitations of the simple
partial adjustment models. The results show a sharp
contrast between 1imports and exports. While imports
present 1in general a complicated and slow adjustment
process, 1n the case of exports most of the adjustment
happens 1in the first period and a major part of any
eventual disequilibrium is corrected each period.
Therefore, if the government is in need of an increase in
the trade surplus 1in the short run the best way of
achieving this 1is to use polices aimed at boosting
exports rather than reducing imports.

As far as the 1import elasticities are concerned it
is difficult to find a global pattern in terms of how and
why the coefficients change but some general remarks can
be made. The long run income elasticity was found to have
a cyclical pattern and to respond to the import
substitution plans. In this respect the Plano de Metas
was found to have had a greater impact when compared to

the II PND. The short run income elasticity and capacity

utilization elasticity seem to be fixed. Both short and
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long run price elasticity, seem to be affected by the
changes 1in the exchange rate regime. Whenever the
government adopts a more realistic exchange rate policy
the price variable becomes more important in explaining
the volume of 1imports, that is the price elasticity
increases.

The export equation coefficients show much less
instability than the 1import demand onhes. Attempts to
model the export equation coefficients by wusing the
Kalman filter did not show evidence of parameter
variation. The use of the Bayesian dynamic linear mode]
and switching regressions 1indicate that in the case of
exports we are not dealing with steady changes over time.
In this case a step change seems to be more appropriate.
In the case of the export supply equation the change
occurred in the second half of the sixties in response to
the export incentive polices, while for export demand it
happened in the mid seventies as a result of the oil and
dollar crises and the increase in the Brazilian share of
world markets.

The results 1in this thesis show that, since the
trade elasticities are not constant, any quantitative
evaluation of possible trade policies may give biased
results 1if the question of time variation 1is not
considered. Although the actual value of the parameter
Will not be known at the time the different policies are
being considered, our results might give some indication
about the direction and magnitude of the change. Policies

aiming to liberalise exchange rate controls, for example,
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will lead to a increase in the import demand price
elasticity and to a possibly smaller increase in the

export supply price elasticity. On the other hand, since
the 1import income demand elasticity exhibits a cyclical
behaviour the timing of the policy change is also
important. A Tliberalization of exchange rate controls
implemented during a recession would see not only an
increase in the import demand price elasticity but also a
reduction in the import demand income elasticity.
Secondly, they also show that the hopes of some
authors that by deepening the import substitution process
we would solve or at least postpone the chronic Brazilian
balance of payments problems is not justified. Their idea
is that 1in the context of a two gap model, where the
economy hits a inflationary or balance of payments
constraint when it grows too fast, the import
substitution process, by reducing the 1import income
elasticity, would ease the foreign resources problem
allowing faster growth. Even though the import
substitution plans have had an 1impact 1in reducing the
import demand income elasticity, our results showed that
this reduction is by no means permanent and, therefore,
the relief 1in terms of the trade balance is also
temporary. Although the 1import substitution process
played an important part in creating and diversifying
Brazilian industry it seems that a change of strategy 1s

now overdue. Abandonment of the import substitution

policy in favour of a more open economy will 1improve
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resource allocation and make the Brazilian industry more
efficient and competitive in the worild market.
Moreover, our results also show that the export

incentive policy of the sixties did not have a
substantial impact on the export supply price elasticity.
Although the rebates on indirect taxes and the "drawback"
and BEFIEX systems are sound policies, there seems to be
a case to stop trying to increase exports through
indiscriminate subsidy policies such as exemption of
income tax, negative interest rates and the IPI Credit.
It is not clear the actual specific contribution of these
Tater measures to the growth of export and, on the other
hand, they place an extra burden on the already affected
public sector finances. The export performance after 1984
seems to show that a more realistic exchange rate policy
could be the appropriate alternative to export subsidies.

In this thesis we have followed most of the
empirical literature on time varying parameters and
started by using the Kaiman filter to deal with the
question of parameter variation. The results 1in chapter
six, though, cast some doubt cnwlthe capability of the
Kalman filter to deal with step changes. The filter seems
to be more appropriate in situations where the
coefficients change continuously over time. The Bayesian
dynamic linear model seems to be more versatile in this
respect, as it is able to pick up the step change 1n the
supply and demand of exports. More theoretical and

empirical research is needed on the comparison of the

Bayesian and classical approaches to parameter variation.
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As far as the theoretical comparison goes, the key
guestion seems to be the estimation of the variances or
hyperparameters. The results in chapter six also show the
importance of the simple step change models and the need
to develop them further.

In terms of future research there are at least four
Tines that can be pursued. First there is the production
theory approach for estimation of the import demand and
export supply. This approach seems to suit the Brazilian
case quite well since a major part of the Brazilian
imports are intermediate goods. The problem in using this
approach 1is the arduous Jjob involved 1in generating
reliable data on quantity and prices of domestice primary
resources, capital and labour.

Secondly, an extension can be made to the work
developed 1in this thesis on export equations by using
more sophisticated step switching models. The extension
could be made in two directions. One can make the model
more general by allowing for more than one switching
point or can keep a single switching date but make the
transition between regimes smooth. In the 1later case a
logistic switching using the versatile OGIVE function
presented in chapter five may be a good approximation.

The logistic switching may happen because it takes
time for the economic agents to learn or because there
may be costs attached to a fast adjustment. If
information is costly or if there s asymmetric
information it may take time for all the economic agents

to recognise the change. On the other hand, 1if for
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example the policy that induced the change in the

coefficients 1is reversed one may be better off by

adjusting slowly. In other words, if the policy 1is not
fully credible the adjustment may be sluggish.

Thirdly, there 1is the question of increasing the
level of disaggregation in the export equations. Instead
of using data for the industrial sector as a whole we
could disaggregate it by industries, such as transport
equipment, chemical products, textiles fibres, electronic
equipment, etc. It 1is possible that by using more
disaggregated data the results in terms of parameter
variation will be more apparent.

Finally, one may try to use the equations estimated
in this thesis as part of a macroeconomic model of the
whole economy. This would allow a better understanding of
the relationship between the trade sector and the rest of
the economy, especially in what concerns the effects of

parameter variation 1in the trade equations on other

economic relations.
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