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ABSTRACT

This paper develops a procedure for bootstrappiigkdy-Fuller and Ouliaris, Park, and
Phillips unit root tests. The procedure allows figterministic trend polynomials in the
maintained hypothesis, seasonal dummies in thetgsttion, and error terms following ARMA
processes. The approach may be used to verifyrthgaot nonstationarity or the stationarity
around a deterministic polynomial trend indicatgdtfiiese tests. It may also work as a tool to
verify the size and power distortion presented sy sample tests. We illustrate the use of the
procedure by applying it to Brazilian macroeconotiige series. In most cases we obtained
different results from the sample tests. The restdinfirmed that both tests have material size
or power distortions that can be corrected by tleegdure. Our evidence show the bootstrap
approach perform better than the traditional umitt tests concerning the size accuracy and the
higher power in hypothesis testing unit root agathe alternative of stationarity. Using this
approach, we conclude some of the series can belatbds stationary processes around a drift
or a polynomial trend, in contrast to previous fngs.

KEYWORDS: unit root tests, bootstrap, deterministic termsiateorrelation correction, size
and power distortion.
JEL: C12, C15, C22, EOQO.

RESUMO
O artigo desenvolve um procedimento de Monte Cadohecido como “bootstrap”, para ser
aplicado aos testes de raizes unitarias de DickéigrFe Ouliaris, Park, e Phillips. O
procedimento permite a introducdo de termos poliaemde tendéncia na hipétese nula,
dummies para tratamento de sazonalidade na eqdad&ste, e permite especificar o termo de
erro como processos ARMA. O método pode ser utitizpara verificar a validade dos
resultados apontados pelos testes acima de nawestdedade ou de estacionariedade de uma
série, em torno de um polindbmio de tendénciasphtee também ser empregado para verificar
as distor¢cdes de tamanho e poténcia presentesestes tamostrais. A operacionalidade do
procedimento é mostrada com a sua aplicacdo & sgaeroecondmicas brasileiras. Em muitas
aplicacdes os resultados obtidos divergem daquabtislos dos resultados amostrais. Os
resultados confirmam que os dois testes possuerortampes distorcbes de tamanho ou
poténcia, que podem ser corrigidas pelo procedimpriposto. Nossas evidéncias mostram
que o procedimento de bootstrap tem melhor desdmpgue os testes tradicionais de raiz
unitéria, no que concerne a precisdo do tamanhteste, e a maior poténcia no teste da
presenca de uma raiz unitaria contra a hipotesgnaliva de estacionariedade. Com este
método, concluimos que algumas das séries estugadasn ser modeladas como processos
estaciondrios em torno de um “drift” ou de um patmo de tendéncias, o que contrasta com
resultados obtidos por outros autores.

PALAVRAS CHAVES: testes de raizes unitarias, bootstrap, termosnieiisticos, correcéo
de correlagéo serial, distorcdo de tamanho e patén
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1 Introduction

The purpose of this paper is to examine once nfwestationarity and the underlying
data generation process of some macroeconomiessarithe periods 1966 to 1985 and 1966
to 1990. The analysis will be performed by way fué Augmented Dickey-Fuller test (ADF)
and the Ouliaris, Park and Phillips (1989) unittroests (OPP), complementarily with the
Philips-Perron (PP) test. Considering the Brazilii#stinct policy regimes can induce wrongly
unit root detection, we combine these tests witiM@ante Carlo procedure, the bootstrap
approach, which is potentially more powetfinl rejecting a false hypothesis than the standard
Dickey-Fuller tests and its extensions, such asXRe; see Li and Maddala (199Bence our
final aim is to propose a new methodology for umitt testing.

In the tests of Dickey and Fuller and Phillips @&wetron, the maintained hypothesis is
that the time series is integrated with drift buthmwno trend. On the other hand, the Ouliaris,
Park and Phillips test extends these tests toa@ttplallow for a deterministic polynomial time
trend in the maintained hypothésis Since an important feature of this procedureitss
invariance to the presence of drift and polynortiahd in the true data generation process, it
should be helpful in discriminating unit root naatginarity and processes that are stationary
around a deterministic polynomial trend; see OFRBYL

The bootstrap technique is a well-known tool simadgten provides a way of improving
on the approximations of asymptotic theory. In #table first order autoregressions the
bootstrap can improve estimation of p-values, pogfeests, etc; see Vinod (1993). Rayner
(1990) advises against using the traditidrtaists in favor of the bootstrap. However, the ltesu
about the superiority of the t-bootstrap over thekBy-Fuller test are not yet conclusive. In
general both have the same power, although for smmenormal distributions, its performance
was slightly better than that of the Dickey-Fullest; see Li and Maddala (1996). Nevertheless,
it provides a simple and accuraest specially designed for use in the contextaofiqularly
empirical work

The basic idea of bootstrapping is to use the singhilable data set to design a sort of
Monte Carlo experiment in which the data itselfised to approximate the distribution of some
random quantity This idea is implemented by performing a Montel@€axperiment in which
the error terms are drawn from an assumed distoibusuch as the normal, with variance taken
from the sample residudisee Davidson and MacKinnon (DM), 1993, p. 763-78&n, with a
given initial value of the dependent variable ana¥dh the other regressors’ observations, the
dependent variable series is simulated. By repgathis procedure the bootstrap can
approximate, for instance, the unknown true diatitn of the estimator with the empirical
‘bootstrap’ distribution. It is in such cases tttat bootstrap can be particularly useful.

In this paper, we propose the application of th@tbtrap technique to the ADF and
OPP unit root tests in order to obtain approximateritical values to the test statistic¥he
procedure allows for the presence of serial caioglain the error term and a deterministic
polynomial time trend in the maintained hypothed®cause there are repeated conflicts
between the ADF and the OPP sample results, weapply the technique to both tests and

! Considering unit root as null and the stationaaigythe alternative.

2 However, it does not imply that the bulk of shottat took place in the Brazilian economy may benitked by a deterministic
polynomial trend with a higher order than to onkefl, the OPP test would not be the best alternaither. The experiments
performed with unit root tests that permit one fiieal break were not successful, since no choickreak points led to the
rejection of the unit root hypothesis. Furthermatee presence of many different breakpoints maaerésearch for a test
specification too hard to obtain.

3 The approach is based on the idea that the samepleave is a good representation of the underlgopulation, which is all right
if we have a large enough sample. Li and Madda®®§} states that for bootstrapping models with ARdftors and trending
regressors a large sample n>100 is required fomtteod to work well.

“ This is the often called parametric bootstrap
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observe if in both cases the nature respects thehypiothesis. As we will show, the basic
bootstrap structure is the same for both tests.

Following this strategy, we intend to clarify thesting contradictions between the test
results. This is particularly important when ondlem is near to rejectoHhind the other is not.
In this context, we suggest that the bootstrap @aph have the function of rendering
conclusive results. Therefore, we will take as aisien rule to reject Wif the bootstrap test
provides this result.

In this paper, we show with the bootstrap apprahelh some Brazilian series like the
real output, the real balances, the money velamity “black” dollar premium are stationary
between 1966 and 1990. These results contrastprétfious findings that pointed out these
series as being I(1). Moreover, since our MonteldCéests are similar to Monte Carlo
experiments, in which artificial data generatiolmgasses are replaced by observed data (the
Brazilian series), the results may be used to agkessize and power properties of the ADF and
OPP statistics, when applied to Brazilian data. 3ew that the OPP statistics present bigger
size distortion compared to the ADF test and besitsthave important power distortion.

The organization of this paper is as follows. S#c® presents the Monte Carlo test we
apply in the paper. In the first subsection, wecdbe the bootstrap’s outlines, its application to
unit root hypothesis testing, and the bootstrapaggh to the ADF test. In subsection 2.2, we
show how to incorporate into the bootstrap unitt imedel (i) a polynomial time trend in the
maintained hypothesis and (ii) the Dickey-Fullanstard parametric correction to the presence
of serial correlation in the error terms. Subsec®3 shows the bootstrap procedure we will
apply to unit root testing with trend terms and enging serial correlation in the error term. In
section 3 our procedure is then applied to macmanic time series to test whether the
original data stands up to the null hypothesis ohiaroot. We also provide an evaluation of the
unit root tests performance and some economic @atdins of our results. In section 4 we
summarize the main results and discuss the boptgteaformance, as well the results
concerning the size and power distortion in thetftoampped tests. In section 5, we present the
conclusion. In the appendices A, B and C, respelgtiwwe describe the methodology applied
for performing the data unit root tests, we depliiet data and the recursive estimates of the
lagged dependent variable corresponding to the AE3F equation, and we display the first
fourth moments of all simulated bootstrap statsstic

2. The Monte Carlo Procedure

2.1 General Guidelines

The bootstrap method introduced by Efron (1979a isesampling method used to
obtain critical values. In other words, the boeaigtrcan approximate the unknown true
distribution of the estimator with the empiricalotitstrap’ distribution. Let @y v»,...,yn) be a
random sample from a distribution characterizedaljyarameteB. Inference aboud will be
based on a statistic T. The basic bootstrap approansists of drawing repeated samples (with
replacement) of size m (which may or may not beaktu n, although it usually is) from (y

Ya,...,¥n)- Call this sample(yI : y;,...,y;) . This is the bootstrap sample. We repeat stepbisti

N is the number of bootstrap replications. For dambtstrap sample, we compute the statistic T.
Call this T*. The distribution of T* is known asetbootstrap distribution of T. This bootstrap
distribution is used to make inference ab®&utUnder some circumstances, the bootstrap

% Like Pastore (1995), Nakane (1993), Novaes (19Ra$si (1988), Giambiaggi and Vals Pereira (198@) Wals Pereira (1988).
By using the ADF or the Phillips and Perron (PR}, téhey identified a unit root in the same sewesstudied.
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diﬁstribution enables one to make more accuratedntes than the asymptotic distribution of
T

The bootstrap method described above is the siples and it is valid only for IID
observations, otherwise the bootstrap resamplimg d@t provide the correct approximation of
the true distribution, and so the method needsetonbdified. Furthermore, in the cases of
bootstrapping unit root autoregressive processesaftymptotic theory does not hold. Thus,
wheng, are AR processes (the ADF test) one needs baginaanetric specification for the errors
and some extensions of the bootstrap method, asiloked later; see Jeong and Maddala (1993)
and Li and Maddala (1996). Finally, since we argerested in applying this method in
hypothesis testing, as pointed out in the litetutr is important to apply significance tests
using (asymptotically) pivotal statistics. Othergyi®sne cannot expect much of an improvement
over the asymptotic results.

Thus, consider the simple case of an AR(1) unit noadel:
Vi =By t& PB=1, t=1,2,...,n 1)

where y = 0, ~ iid(0,0%. In this case the OLS estimator is a functiothefstandard Wiener
process W(r) and has a nonnormal limiting distiiut

-1/2

($32.) -yt - 2 way -1 fwora] @

Thus, conventional tests based on normal asymptaimries are not valid. The associated tests

in this case are the Dickey-Fuller coefficient j@st n(,@ -1) and t-testf = (,5’ —1)/SE(,5’)
which have the following limiting distributions

A om 1 2 .1 A
p=nB-1=(ww) Ig)(vwr» drj ®

1 , Y , \2
t=2(ww) Ig)(W(r» drj . @

Now consider the following modification of mode)) (ith trend terms‘t

Y 228ﬁktk+ayt—1+5t' a=1, 5) (

where y is a random variable with a distribution thatndependent of n, the sample size, and

is a weakly stationary, zero mean innovation segeiefihe hypothesis we want to testiisl,
andp,=0. The limiting distributions ob and § are nonstandard. They depend on nuisance
parameters, which require transformations of thatisiics that eliminate the nuisance
parameters asymptotically. The asymptotic distidng of these statistics, after the pertinent
transformations are presented befow

-1
5 =n(@-1) 18 —>(in(r)dW(r)jG)(\Np(r))zdrj (6)

¢ When, for instance, the asymptotic theory is &hlet but not very accurate in samples of the s&gelin applications. In such
cases the bootstrap often provides a way of impgwun the approximations of asymptotic theory

! Following OPP (1989) \\r) is defined to be the stochastic process on] [Suth that Vr) is the projection residual of a
Brownian motion W(r) on the subspace generatechbypblynomial functions 1,r,...¥ in L%0,1]. Here, denotes the Hilbert space

of square integrable functions on [0,1] with thed@nproduct (f,g):féfg for f,g0L0,1].
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-1/2
t(d) (9 —>@Wp(r)dW(r))@(Wp(r))zdr) . ™

Under the null hypothesis of a unit root, the teited critical values of the asymptotic
distribution of both statistics increase in absslutalue with the number of included
deterministic regressors. This is due to the fhat the {§ trend term increases more rapidly
with t**than either the constant or the linear trend; Ség(1993).

To construct the bootstrap test corresponding toN@ start with the OLS estimation of

(1), computeé, , and its standard errod(). We then get the bootstrap sampﬂé by drawing
pseudo-random numbers from a normal distributio@, (). We now generate/: using 5‘:

and B using the coefficients of the estimated equatinrihis case, the bootstrap estimates of

7, and f must converge in distribution to the same expoessas (3) and (4); see Ferreti and

Romo (1994), and Li and Maddala (1996).

One final point concerns the use of pivotal stiatistThere are two Dickey-Fuller tests:
the coefficient test (3) and the t-test (4). Whetomes to the bootstrap approach there is again
the question of whether to consider the coefficikast or the t-test. Li and Maddala (1996)
looked into this issue and found the t-test onlygimally better. The case for considering
pivotal statistics may not be as strong for the oot model (as in the stationary models).

2.2 Unit Root Tests with Deterministic Terms

As suggested in DM (1993), we can get a combinedemthat nests the underlined
models of the ADF and OPP unit root tests. The hadkenable us to use only one general
basic structure to construct all the bootstrapstdgreover, it will permit to follow the same
procedure described in the last section concerthi@dickey-Fuller tests.

The bootstrap we suggest in this paper assumeshiarror of the underlying data-
generation process follows an ARMA process. So wleuse the Dickey-Fuller augmented
version, which employs a parametric correctionh® simple model by adding sufficient terms

in Ay,_; , to whiten the residuals. It is a well-known f#wat this correction does not change the

asymptotic Dickey-Fuller distribution; see Hamilt¢h994) and DM (1993). For the same
reason, the Ouliaris, Park and Phillips test wibebe extended for correcting serial correlation.
This procedure also produces an asymptoticallydvi@ist in the presence of serial correlation;
see DM (1993).

We can then determine a generalized model thas tiesttrend-stationary model with a
maintained polynomial trend of order p, and thedan walk with drift added by a linear time
trend (thus allowing the drift term to change otiere). One plausible way that includes both
models as special cases is presented below.

Suppose the DGP of a time serigsagn be written as

Y=Yo+vat +vot? + v+ L+t v w=ave +g, (8)
whereg, follows a stationary ARMA process. We then get
Y =Yo + Vit + Yat” + V3t .4V + a(Yer - Yo Yat-1) - Va(t-1)° -..- yp(t-1)P) +e.
Developing this expression, we obtain
Y=(1-0)Yo+rO(Yr - Yo+YaYa +...+ Yp)+[(1-0)ys + A(2y5 - Bya+4ys -...-Kyp)[t+[(1 - a)yo+a(3ys - By, + 1075 ...+
N)It*+[(L - )Ys + a(4ys - 105 +...- Kayp)IE+[(1-0)ye+a(Bys .. + Kayp) It +[(L1-0)ys+ a( .- ksyp)]t>+...+(11)
thp+a)’t»1+5t: 9)

where the set (kk;, ..., k) is inN. For an even p, it has a positive signal and atneif p is
odd. This set is taken from th&" pow of Pascal’s triangle. Because (9) is nonlineathe
parameters, it is convenient to reparametrize it as

¢t FBo+ Bt + Bt + B’ + ... +PBt” + Ay &0 (10)



UI l Economia - Texto para Discussdo - 234

The above equation may be extended to include othrestochastic regressors, such as
dummy variables. Because the seasonal dummiesf dhe @ame order as the constant term,
which is already included, their inclusion does obange the asymptotic distributions of the
test statistics. We shall consider in this papetered seasonal dummies which are constructed
so that they add up to zero for each t, i¥€.,5; =o0.

Since our interest is to assume that the error fetimws an ARMA process we need
unit root tests that are (asymptotically) validie presence of serial correlation. The procedure
IS to add to equation (10) a polynomial of laggest fdifferences in ywith length sufficiently
large to whiten the residu@ldn the choice of the truncation lag parameter mag employ the
sequential test for the significance of the lagigkd first difference (“kmax” procedure),
suggested by Campbell and Perron (1991). This duvee may be combined with the
information based model selection rules (such as Alkaike and the Schwartz criteria)
described in Ng and Perron (1993). Therefore, trgepl combined model has the following
expression

p ) s k
e = 2Bt + 2.8,Dp + Y04y + (0 ~ DAy + €. (11)
o 1 1

This model stands as the general specificatiopdoforming the ADF and the OPP unit
root tests. Under the null hypothesigd+1 we obtain the nonreparametrized version:
Y=V - Yo+ Va-Yat oo F Yo+ (Y2 - 3ya+ 4y - ... - Keyp)tH(3ya-6ya+10ys -...+ koY)t (4ys-10ys+. .- Kayp)t*+(5ys -...+

s k
KaYo) ! +(BY6 ...~ Keyplt™+ ... +KoaYptP ™+ 35D + 30,8y, +Yiq +Er. X2)
1 1

Thus, if we are testing if,ys a random walk with a polynomial trend of foudtder in
the maintained process, undey.d¥1 equation (12) takes the expression

S k
Y= (YarYo+Ys - Va+ys) +(2Y2 - 3ya + AYa-Bye)t + (3ys -6yst10ys)t5+(dy, - L0yt +5yst! + 3 5Dy + > 0,4y +ye1 + €.(13)
1 1
If y, is just a random with drift, under the null (1Z2domes
s k
tF Y1+ 28D + 204y + Veat & (14)
1 1

It is the model (12), or its special cases likeagun (13) and (14), that we will apply to
simulate the bootstrap samplg;.ys....y;). This procedure of simulation follows Hamilton
(1994), who states that the goal of unit root tést® find a parsimonious representation that
gives a reasonable approximation of the true dategss. So if lla=1 is accepted for a given
unit root test specification, we can conclude tlila¢ series has an ARIMA(k+1,1,0)
representation. Otherwise ifgHs rejected the true process is approximated Isgationary
ARMA(k+1,0) process. It is direct that each reprdation may include the test specified
seasonal dummies and the pertinent deterministitste

2.3 Performing the Bootstrap Approach

In this section, we shall implement the paramespecification for the error terms
described in section 2.2. Concerning the questiomhich test statistics to choose, we consider
it is more prudent to perform the experiment fothbof them. Thus, we apply the bootstrap
approach to the coefficient test and the t-test statistics.

We are concerned with two periods of the Braziéannomic history: 1966 to 1985 and
1966 to 1990. For a quarterly series, in the sequmarebd there are 93 observations (we only
consider the first quarter of 1990), implying theotstrap method may present size distortions.
To correct this inconvenience we will extend thenber of replications up to 5000. So even

8 If the series has moving average components theefure remains valid, provided one lets the nurobkrgged difference terms
tend to infinity at a rate no faster thafn

° Since we are correcting for serial correlatiom, ist statistics must be redefinedite n(3 —1)/ @a- Z'l‘Ayt_i) .
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having a number of extractions smaller than 100willedraw a sufficiently large number of
samples. For the monthly series, we will do no ntbam 1000 iterations.

As the bootstrap sample initial value we take thst fsample observation, which
however may be an outlier. Then, to solve this j@mmbwe will not consider the first 100
simulated values and will take the fGimulation as the effective start value.

In what follows we describe the procedure we penfor

(i) the first stage is to specify the ADF and theROunit root tests, and estimate the respective
regression coefficients, residuals and standaut ésr); then we follow for each test the steps
below;

(if) with the SE residualsg , we draw N samples of size n to the error tegfnsassuming that
they have a normal distribution(,s2) ' in order to be able to reproduce the same samele
assigned a particular random seed;

(i) as the series initial valug,ywe will always pick up the first data sample althat is the
value originated by the nature); with this initighlue, we simulate the bootstrap sample

(Y1 Yos.-,Y,) » under H:a=1, by using the estimated coefficients of modé)(and the drawn
error termse; ; we leave out the first 100 simulations; then ejgeat this step N times;

(iv) using the specification achieved in step (@ mn N regressions and compute from each one
the bootstrap statistice* and t*;

(v) we compute the bootstrap distribution to tpfe and t* statistics by sorting them in
descending order; thus we identify the critical uealcorresponding to the data observed
statistics (i.e., given by the nature) and caleuldite p-value bootstrép(or p-value Monte
Carlo);

(vi) we follow the decision rule: rejectoHf the p-value Monte Carlo is smaller than a spedi
nominal size test (that will be 5%).

3 Empirical Applications

Our sample covers the period from 1966 to 1990wAsnentioned in the introduction,

there were significant changes in the conductiothefpolitical economy, especially after 1986.
The trials of stabilization inflation by means @mdand control gave place to supply shocks via
application of price freeze and changes in the Xatlen rules. These changes significantly
affected the short run behavior of most of theesenivhich this paper is concerned. In particular
the real balances, the money velocity, the ratmftdtion, and the interest rate series, exhibit
after 1986 great outliers that disturb the econometork. Thus, we chose to make separate
reports for the periods 1966.01/1985.12 and 196699D.03, and to investigate what happened
with the series DGPs during each of the periods.

The accomplishment of a bootstrap test was djrecnnected with the results of the
sample tests. If the null hypothesis of a unit nwas far from being rejected by the ADF and
OPP tests, we did not perform the bootstrap. Ithim period the tests displayed contradictory
results, then we performed the bootstrap test.

%In the next section, we present the bootstraplteefor the different number of replications in imereasing order. We note the
drawing of the error term was done (to each sizeplication) in a sequential way, in order to geherent simulations. Thus for a
given random seed we are always able to obtaisahee simulated sample.

% let T be the statistics observed from the data and E* Wibotstrap statistics. The p-value Monte Carlalé$ined as:
P[T* > 'T'] = (1-rank(T)/N) +1/N . Alternatively, we can WriteP[T* < 1’] =1-(@-rank(T)/N) +1/N) .
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As we have stated, we adopt the following decigiole: if the sample tests have
different outcomes about the presence of a unitaind the bootstrap results present one same
conclusion for both tests, then we accept it.

With the exception of the real output series, whids quarterly frequency, all the
remaining series are available in monthly frequeticis well known that the data aggregation
may lead to the elimination of cycles, generatibmanexistent serial correlation structure and
the accentuation of the persistence; see Worki®$Q) Harvey (1990b) and Rossana and
Seater (1995). So if we keep the disaggregated datawill preserve all the available
information included in each series. As a rule,rtiege information one uses, the more accurate
the estimations will be; see Granger and NewbolB§) and Harvey (1990b). For these
reasons, only the real output series is studield avijuarterly frequency.

In this section, we report the sample t-statisicsthe ADF, OPP, and Phillips-Perron
(PP) unit root tests. For a matter of space, wertepeither the coefficient test nor the
diagnostics tests of the regression tésts

In appendix A, we give further details about theamplishment of the diagnostics tests
and tabulate the asymptotic distributions for thlevant significance levels. In appendix B we
depict the studied series and provide the pictafethe recursive estimates of the lagged
dependent variable (coefficient {1)) of the ADF test equation. In appendix C, weulate for
the simulated bootstrap statistics, the momentseofespective frequency distribution.

In the cases where the bootstrap provides differentlts from the sample data test, we
present a Monte Carlo experiment to investigatdotmstrap size distortions.

3.1 Real Output

This is a quarterly series formed by linking theGIB index product with the index
computed by Rossi (1988). We followed this methodyplin order to have a series length that
covered all the studied period. This series is@®aly unadjusted and we proceeded the tests
with the series in logs.

The unit root test results for the series in lgkef) and for its first difference/ALY)
are presented in the Table below. In the shorteogheall tests accepted the unit root hypothesis
with sufficiently large p-values. In the longerripe, the ADF and PP test rejected the null with
a significance level of 10%, a result that is nobfemed by the OPP t-statistics. We suppose
this conflict is an indication that specifying theit root test with high order trend terms is not
the best procedure.

TABLE 1: UNIT ROOT TESTS SERIES: OUTPUT
SERIES TEST 1966.1 TO 1985.4 1966.1 TO 1990.1
LAGS ta LAGS ta

LY ADF 4 -2.207 4 -2.753t

PP 3 -1.814 3 -2.610%

OPP 4 -3.359 4 -3.536

ALY ADF 3 -3.569**
PP 2 -12.461**

Notes: (1) ADF and PP tests specified without trerth. (2) OPP tests performed with a polynomiahdr of fourth and fifth order
respectively to each period. The symbols (T) ari}l i@present rejection of the null of a unit rodtthe 10 and 1% significance
levels respectively.

Figure B.2 shows the recursive estimate of thecgefficient in the ADF specification.
After 1975 this coefficient presents a remarkalddifity and exhibits a behavior that does not
point out the presence of a unit root in the serlé®erefore, a bootstrap test on the ADF and
OPP tests is more appropriate for the whole pefiibd. next step in our procedure is to verify if

2 The estimated test equations for the series ieldeand in first differences, as well as the retipediagnostics residual tests may
be obtained from the author on request.
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the Monte Carlo tests corroborate the results nbthfrom the sample data. The approach was
performed taking the specifications of the ADF d@hd OPP tests and imposing the unit root
hypothesii=1. The results are in Table 2.

TABLE 2: MONTE CARLO P-VALUES PERIOD: 1966.1 TO 1990.3
REPLICA ADF OPP
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE
100 4 0.030 1 0.000 44 0.430 30 0.290
500 11 0.020 1 0.000 220 0.438 163 0.324
1000 20 0.019 1 0.000 468 0.467 346 0.395
5000 69 0.014 1 0.000 2364 0.473 1752 0.35(0

The first conclusion is that both bootstrapped Adidtistics strongly reject the presence
of a unit root, which supports the judgement ttnat teal output is stationary around a level
(drift) term. The results show both ADF statistitave low power (in the case of the output
series DGP) and that the Monte Carlo test behavesler to correct this power distortion.

Nevertheless, the bootstrap approach applied toORP test produced results that
contradict our initial beliefs, i.e., the bootstrmproach only yields the exact size of the sample
test and did not lead to the Fejection. With a test specification that includefifth order time
polynomial in the fitted regression, the unit rbgpothesis is accepted with p-values superior to
35% (case of 5000 replications) in both bootstesbst

The results suggest that the OPP test does not d&ayemportant size distortion
concerning the data generation process of thiscpiat seriet’. In addition, they lead to the
conclusion that the ADF test specification is befitted to the series than the OPP equation
with high order trend terms. For the output seribs, inclusion of deterministic terms, other
than the constant, reduces the test power in aagtarnon-existent unit root.

In the appendix C, the features of each bootstigpatistic distribution, computed
using 5000 replications, reveal that we can assthmedistributions are close to being a
functional standard Wiener process. This is anoiti@mt issue since, in the sample test, the
coefficient @) that is being tested is approximately 1 (seeréds.2). Hence, at first sight, we
do not have reason to doubt the validity of our kédBarlo tests.

Table 3 shows the results of a simple Monte Caxjmegment designed to assess the
size properties of the simulated statistics. Wericdsour attention to the statistics associated
with the ADF test since they rejected the null. Theadamental innovations are normally
distributed with mean zero and variance taken fithhbm ADF test residuals. Varying the
parameters of the polynomial lag structure one msgess the size of the statistics. Several
essays indicated that the relevant parametershase tassociated with the third and fourth
lagged first difference of the dependent variaBlimce the statistics are invariant to the true
parameter values under the null hypothesis, sigordiion (if any) may be evaluated by setting
o=1 in the data generation function and varyinguhleie of the interest parameteés &ndo,);
see OPP (1989). We chose to use as the range iafimay the extreme values of the 99%
confidence intervals of the mentioned coefficiéhtin order to get a wide range of variation.
We note that this procedure is technically validce usual t-tests associated with hypotheses
about any individual coefficient of a unit root sgeation can be compared with standamt
N(0,1) tables; see Hamilton (1994).

3 This observation concerns the t-statistics, bexémisthe sample data the OPRest rejected blat the 1% significance level. In
this case, the-statistics exhibits important size distortions,ethwere corrected by the bootstrap approach.
*In fact being constructed simultaneously the irgkr provide a confidence region with probabilityemast of 97%.
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TABLE 3: MONTE CARLO EXPERIMENT

PARAME ADF
TERS
04/6, t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE
-0.42/0.18 24 0.023 1 0.000
-0.04/0.66 120 0.119 1 0.000

Notes: (1) Number of observations = 97. (2) Numtfereplications = 1000. (3) The true model is thens of the
bootstrap procedure with the additional hypothesethe coefficients ofALY,_; and ALY,_, . (4) Rejections based

on a nominal size of 5%.

Concerning the t-statistics, the simulation poimt$ that, when the parameters exceed
their average values the bootstrap approach pessessne size distortibh However, the
reported size test is an extreme value and it ig @rpercent points above the conventional
significance level of 10%. Consequently, we canudedthat the bootstrap tests applied to the
output series do not have a material size distoitiche range of values chosen to the third and
fourth difference lagged parameters. Thus, ourditag procedure performed well even if, only
a little better than the Dickey-Fuller test.

We then infer that during the period 1966.1 to 129the output series is I(0) and it is a
stationary AR(5) process around a drift. This cosidn can be perceived by inspecting the
series plot (figure B.1).

The fact that the real output is an [(0) series)ear integrated, is not very surprising. In
the beginning of the analyzed period, the Brazilemonomy passed through a phase of
accelerated growth. During this period, known as ‘taconomic miracle”, the GDP growth
achieved the rate of 14% in 1973. This picture &lwepresented by the behavior of the
recursive estimates, which points out that theesepiossessed explosive features until 1975.
However, the presence of a unit root in the eaglyenties was dominated in the following
period. The end of the business cycle expansiospczsed with external shocks and the
implementation of a systematical inflation contlyl means of aggregated demand control,
caused the reduction of the GDP rate of growths Tihocess went deeper during the eighties.
Hence, the real GDP annual growth slowed from asrame rate of 8.4% between 1970 and
1980 to only 1.5% from 1980 to 1990. One strikiegttire that contributed to the country’s
poor economic performance in the 1980’s was theirfahe ratio investment to GDP, from a
peak of 25.8% in 1975 to 15.5% in 1990; see Camndi®97). This issue was not only related
with a new wave of external shocks but also with taduction in the public investment, in
conjunction with the internal inflationary instabjl and dramatic changes of macroeconomic
policies.

In resume, during most of the period from 1966 ®90 the GDP rate of growth was
well below its trend path of 7% per year. This @oly induced the variance stationarity of the
GDP series, even if it passed through an explasivge in the period’s initial years. Once more,
we call attention to the recursive-(l) estimates plot, which clearly shows the coedfit near

to the unit root bounds, but without ever crosghig limit after 1976.
3.2 Rate of Inflation and Monetary Expansion

The rate of inflation is calculated with the gealeprice index (IGP) computed by
Fundacao Getulio Vargas. The monetary expansitreipercent variation of the M1 (currency
plus personal checking accounts) monetary aggregaiputed by the Brazilian Central Bank.

®* Regarding the -statistics there is no apparent size distortion.

11
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Tables 4 and 5 show the results of the ADF, PP,GIRB unit root tests, respectively for each
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series.
TABLE 4: UNIT ROOT TESTS SERIES: RATE OF INFLATION
SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta

PI ADF 2 2.382 19 +3.345

PP 4 5.761* 5 +3.287

OPP 2 -5.288"* 19 -1.115

API ADF 12 3.777*
PP 5 -14.807*

Notes: (1) ADF and PP tests specified with and evitttrend term, respectively, to 1966/85 and 1986(8) OPP tests performed
with a polynomial trend of third and fifth orderspectively to each period. (3) To the series #iference in period 1966.01/912,
the ADF test rejected the null at the level of T#e symbols (*) and (**) represent rejection oé thull of a unit root at the 5 and
1% significance levels respectively.

TABLE 5: UNIT ROOT TESTS SERIES: MONETARY EXPANSION

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta
Ml ADF 11 +0.507 15 +4.562
PP 4 -15.943** 5 -5.115*
OPP 12 -4.921* 15 +2.287
AMI ADF 13 -2.799/
-4.390**
PP 5 -24.856**

Notes: (1) ADF and PP tests specified with and evititrend term, respectively, to 1966/85 and 1986(8) OPP tests performed
with a polynomial trend of fifth and fourth ordeyspectively to each period. (3) ADF test to sdiites difference is reported to
periods 66/90.03 and 66/90.02. The symbols () @M represent rejection of the null of a unibtat the 5 and 1% significance
levels respectively.

Concerning the rate of inflation, there is a discamong the periods’ results. To the
shorter, the PP and OPP test statistics reject the null with aajue inferior to 1%, while the
three statistics accept the null of the presenca wonit root in 1966/90. The main reason that
seems to support this distinction is the numbedag$ necessary in the longer period, to make
the test residuals independent, which caused thie &idl PP test statistics positive signals. The
long polynomial of lags is due to the existencaliffierent regimes in the Brazilian economy
during the whole period. This changing regime emvinent is very well illustrated by the
coefficient instability of the lagged dependentiahle, in the ADF equation (figure B.4). The
above results suggest the rate of inflation folldweandom walk process from 1966 to 1990.

The test results for the money growth are simitaittte inflation, in spite of some
differences. We would like to point out the straongersistence and seasonality of this series
compared to the rate of inflation. We also straas the PP test rejects kh the period 1966/90,
while the ADF test only rejects the null in theissifirst difference, if we truncate the period on
month 1990.02. This is caused by the presence geat outlier that marks the end of the
Cruzado era plans. The intrinsic instability of Bmzilian monetary policy is evident in figure
B.5 (recursive estimate coefficient).

For the two series, we have two distinct periodsceoning the unit root tests. In the
shorter, there is some probability of rejecting tlndl, while in the greater the evidence of a unit
root is too strong. So following these indicatiows performed the bootstrap approach only for

% 1t is a known fact that the finite-sample propestof the unit root tests have poor results fdeast some specifications of the
error process. Pertaining to the Phillips-Perrat itas likely to reject the null hypothesis ofiait root although it is true, when the
error term has a MA(1) close to —1. However sevexakriments showed that if the reported tests pawe properties (if any), the
reason is not due to a MA(1) representation ireter term.

7 In the ADF test of the inflation first differencee identified a strong autocorrelation structuréghie residuals. If we had used all
the lagged first difference necessary to makeeébkeluals independent, we would have accepted tiheaat hypothesis and would
have concluded that the rate of inflation was [{2).withdraw this misfortune we truncated the polynal lagged difference at the
13" lag, which was significant, and accepted the presesf some autocorrelation in the residuals. Wen therformed the
Kolmogorov-Smirnov (K-S) test, which, with maximugap of 0.0392 at frequency 1.9635 accepted attred bf 10% the residual
serial independence. The bayesian unit root test ebrroborates the rejection of the unit root tigpsis in the inflation first
difference.
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the years 1966/85. For the rate of inflation, wetbtmapped the ADF and OPP tests, and for the
money growth only the OPP test.

The bootstrap tests applied to the inflation rdatengly support the conclusion of the
ADF sample test (see Table 6). Moreover, the coagpMonte Carlo p-values are bigger than
those of the sample data tests are. Since that&tstdistributions are in accordance with the
theory, we accept these results.

TABLE 6: MONTE CARLO P-VALUES SERIES: RATE OF INFLATION PERIOMD966.01 TO 1985.12
REPLICA ADF OPP
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE

100 100 0.990 100 0.990 96 0.950 100 0.990

500 500 0.998 500 0.998 452 0.902 475 0.948

1000 1000 0.999 1000 0.999 900 0.899 938 0.93]

Bootstrapping the OPP test, we attained differesatiits from those computed with the
observed data. The null hypothesis is accepted aviflgnificance level near 90%, and the test
statistics distribution has the expected negatkesvaess. This outcome leads to the conclusion
that the OPP tests have important size distorfiiotisis case, that is, the test is likely to rejact
null hypothesis of a unit root in finite samplethalgh it is true. This technique seems to be
poor for the series underlying DGP and our approsclat work toward correcting this
distortion.

Table 7 shows the Monte Carlo test results formiometary expansion. The bootstrap
OPRP tstatistics has different results from the samp# &nd suggests the acceptation of the
null. Notwithstanding, thes -statistics induces to the null rejection, but #isha degenerated

distributiont® (meanwhile the t-bootstrap approximates to a nbdisaribution). Thus, we will
not take into account this result, considering,timathis case, the approach did not perform as it
should have.

In resume, we have enough evidence to concludebibtit series were integrated of
order one during the whole period. In regardingekisting doubts about the period from 1966
to 1985, the bootstrap tests upheld the ADF tedtdemied the OPP sample results. These
results are coherent with the studies of Vals P&igi988), Novaes (1991), Cerqueira (1993),
and Pastore (1995 and 1997).

TABLE 7: MONTE CARLO P-VALUES

SERIESOMEY GROWTH PERIOD: 1061 TO 1985.12
REPLICA OPP
TIONS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE
100 45 0.440 2 0.010
500 212 0.422 24 0.046
1000 444 0.443 50 0.049

The remaining question is to determine if the naimdd processes have or have not a
polynomial trend term. Following Ouliaris, Park arhlillips (1989) paper we apply a likelihood
ratio sequential test for the hypothesis, a=1, and B,=0, on the OPP test specification. We

8 We conjecture this behavior is caused by the latgeber of lags demanded by the parametric cooredétir serial correlation in
the residuals. This fact seems to have disturbeddotstrap simulations, which generated valueslfgolute terms) much greater
than the sample statistics and caused the degemeghthe bootstrap-(OPP) distribution.

13
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compare the obtained statistics with Table Il préed in the paper above and Table B.7 in
Hamilton (1994).

For the rate of inflation, we sequentially accdm hull up to the squared trend term.
We reject the hypothesis of a non-significant lmiand term, at 5% significance level. We
conclude this series is an ARIMA(20,1,0) proceshwiend. We follow the same course for the
monetary growth and conclude that it follows an KR(16,1,0) process with drift.

The conclusion that the rate of inflation and thenetary growth are both I(1) is
coherent in an economy with a permanent operatjombalic deficit not completely financed by
issuing bonds. Moreover, the explosive featurehefmoney growth is in accordance with an
ever-increasing public debt, which has a stationate of growth. In fact, the ratio of
operational deficit to GDP increased between 19ra48d 1982/89 from an annual average of
2.7% to 4.4%. Meanwhile the collected seigniorageaasDP proportion grew from 1.9% to
2.9%. In the same way, an ever-increasing monegxpansion must be followed by a
megainflation. From 1975 to 1989, the inflatioreratcreased from an annual rate of 29.4% to
1748%.

Although being explosive processes both seriesddference stationary and so one
necessary condition to the nonexistence of a rattiofflationary bubble is already satisfied, i.e.,
the inflation series is stationary of a finite ardd differentiation. It is well known that the
presence of bubbles precludes the stationarityngf degree of differencing of the inflation
series. Therefore, we have space to perform atdeserify if there was a rational bubble
between 1986 and 1990; see Diba and Grossman (&888)elch (1991).

The second condition is that the inflation and th@eney growth must cointegrate. In
Cerqueira (1998) we demonstrated the series wentegoated with vector (1,-1) and a time-
varying drift term, from 1966 to 1985, ruling ounet possibility a rational inflationary bubble.
Preliminary experiments also showed the same csimeitholds for the period from 1986.01 to
1990.03, but this issue will remain to be confirnmedurther research.

3.3 Public bonds interest rate

The nominal interest rate is the overnight ratddgié by the three months treasury
bonds most negotiated in the monetary market. 3énies is published in the Brazilian Central
Bank bulletin; see Cerqueira (1993) for furtherailet We converted the series to the equivalent
monthly rate. The real interest rate is the abosees discounted by the monthly rate of
inflation. As with the rate of inflation and the m&y growth, we worked with these series
without logarithms.

Table 8 shows the unit root test outcomes for thrainal interest rate. It is easy to see
that all tests point out the series as differenagomary®. Even the OPP t-statistics accepts the
null hypothesis with a significance level well aBo20%°, for both periods. The recursive
estimates on figure B.7 also indicate the presefi@eunit root in the years after 1982 and the
strong instability of this coefficient.

¥ n the ADF test of the first difference series s problems in dealing with the residuals sermtetation. Therefore, we also
performed the K-S test for serial independenceckhiccepted the null with a level well above 10Urtirermore, the bayesian test
strongly rejected the unit root hypothesis in teees first difference.

20 The critical value corresponding to a 20% sigaifice level is equal to -4.216.
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TABLE 8: UNIT ROOT TESTS
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SERIESOMINAL INTEREST RATE

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta
M ADF 13 -0.660 9 +2.046
PP 4 -1.536 5 +1.311
OPP 13 -2.371 9 -2.550
AlM ADF 8 -9.376**
PP 5 -8.114**

Notes: (1) ADF and PP tests specified with tremchtg2) OPP tests performed with a polynomial treffth order to both
periods. The symbol (**) represents rejectiontaf hull of a unit root at the 1% significance level

In the present case, we have no reason to carrg babtstrap test. We then conclude
that the nominal interest rate approximately foboan ARIMA(10,1,0) process with a linear
trend'’.

Table 9 shows the results for the real interest. rélfe firmly reject the unit root
hypothesis and conclude that the series is welleeqopated by an AR(2) process with drift.

TABLE 9:UNIT ROOT TESTS SERIES: REAL INTEREST RATE

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta
R ADF 2 -4.370** 1 -9.530**
PP 4 -8.260** 4 -8.684**

Notes: (1) ADF and PP tests specified without tremch. The symbol (**) represents rejection of thil of a unit root at the 1%
significance level.

The fact that the nominal interest rate is I(1)cnsistent with an ever-growing
inflationary process, meaning that the cost of imgjdnoney follows the inflation path. This is
one reason that supports the existence of a Fedfemt during the period. Another reason is the
real interest rate stationarity, which correspotadthe hypothesis that the nominal interest rate
and the inflation are cointegrated with a knowmtagrating vector of (1,-1J, and the real rate
is interpreted as the long-run equilibrium errotha$ relation. If we assume the expectations are
rational and suppose the absence of any kind senaithe error term, the expected inflation is
well represented by the current inflation rate; &secia (1991). It may therefore be the case
that there was a Fisher effect during the periogb1®0, and so, in the long-run, the changes in
the nominal interest rate reflected the same péeraarations of the expected rate of inflation.

As showed above, the real interest rate follow&RIR) process, which means that its
past values had information about its current bieinawhis implies that the hypothesis of a
constant expected value for the real interesthraseno empirical support. However, this is not a
contradiction with hypothesizing the Fisher effesitce according to this hypothesis the only
assumption is that the nominal interest rate aadrfiation have the same long run trajectory.

2 We achieved this conclusion by doing the same eseipl procedure described in the former sectioith\Wsual significance
levels, we accept the absence of trend terms @i auperior to one.

22 QOur first experiments using Johansen proceduratg@miout a cointegration relation between these \aables. However,
further studies are necessary because we did noesd in getting NIID residuals. Testing with thegle-Granger two step test we
got a cointegration relation with the inflation fogent around 0.90. Since this procedure doesreqtire Gaussian residuals, we
can conclude that there is a stable long-run mdbietween the interest rate and inflation, whichfers consistency to the Fisher
effect. Albeit we can not perform hypothesis tegtaither on the coefficients equation or on thesedty relation between the two
variables.
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3.4 Public debt

Economia - Texto para Discussdo - 234

The nominal public debt is the stock of treasuopds held by the private agents. We
investigated the real debt and the debt-&Dftio series. Both series are in logarithms and we

truncated the period at 1990°02

Table 10 shows the unit root tests results forrde# debt stock. In contrast with the
others tests, the OPP test rejecteddtl the shorter and the longer period, respectjval 5%
and 20% significance levels. Nevertheless, thersageiestimates point out a strong and evident
unit root during the whole period. Thus, we decitedootstrap these test statistics, reported in
Table 11, in order to clarify the apparent conttidn among the results.

TABLE 10: UNIT ROOT TESTS

SERIES: REAL PUBLIC DEBT

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.02
LAGS ta LAGS ta
LDR ADF 3 -1.233 3 -1.361
PP 4 -1.214 5 -1.376
OPP 9 -4.949* 9 -4.182
ADR ADF 2 -8.736**
PP 5 -16.452**

Notes: (1) ADF and PP tests specified without triemth. (2) OPP tests performed with a polynomiahdr of fourth and fifth order

respectively to each period. The symbols (*) &Mirepresent rejection of the null of a unit raattthe 5 and 1% significance
levels respectively.

TABLE 11: MONTECARLO P-VALUES SERIES:REALDEBT TEST: OPP

REPLICA 1966.01 TO 1985.12 1966.01 TO 1990.02
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE
100 85 0.840 56 0.550 79 0.780 74 0.730
500 413 0.824 229 0.456 390 0.778 352 0.702
1000 837 0.836 453 0.452 825 0.824 719 0.71§

The bootstrap tests accept the null hypothesis pvithlues far from those of the sample
tests. This indicates the OPP test presents imposize distortion and suggests that the OPP is
not a performing unit root test for the real defriess. Hence, we accept the null of the presence
of a unit root in the real debt series and conclingeseries follows an ARIMA(4,1,0) process
without trend but with drift’.

By studying figure B.11, the presence of a unittrao the debt-GDP series is
remarkable after 1980, but prior to this year tliaclusion is not evident. However, none of the
applied tests rejected the null for the period 1866see Table 12. As showed in Table 13, the
ADF bootstrap test statistics corroborate thesealtesand help settle the correct size of the
sample test.

23 To compute this series we first interpolated tiPGseries using the Kalman filter procedure; seej@sra 1998.

24 This is a necessary course, since at 1990.03r#eCbllor (stabilization) plan blocked 90% of yate savings. This caused a big
outlier in the debt series that can only be smabther with a sample expansion, which is out ofdhgctive of the present paper.
% We inferred this conclusion from the sequential &rlier described. By inspecting figure B.10¢ oan observe that the series is
better represented if a non-zero drift is supposed.

16



uff

Economia - Texto para Discussdo - 234

TABLE 12:UNIT ROOT TESTS SERIES: DEBT-GDP RATIO

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.02
LAGS ta LAGS ta
LDY ADF 3 -2.326 0 -2.068
PP 4 -2.047 5 -2.337
OPP 3 -3.697 3 -3.553
ALDY ADF 0 -16.057**
PP 5 -16.111*

Notes: (1) ADF and PP tests specified with tremchtg2) OPP tests performed with a polynomial treffth order to both
periods. The symbol (**) represents rejection & thull of a unit root at 1% significance level.

TABLE 13:MONTE CARLO P-VALUES

SERIEEBT-GDP PERIOD: 1966.01 TO 1985.12
REPLICA ADF
TIONS
t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE
100 53 0.520 73 0.720
500 278 0.554 383 0.764
1000 546 0.545 741 0.740

The convincing unit root in the period 1966/90 aalistronger bootstrap results (Table
14) compared to those achieved in the shorter gpekdde presume this outcome came about
because we are working with a “pure” random walkcpss that does not need parametric
corrections in the test specifications. Surprigintfie ADF tests displayed important size

distortion, which seems somewhat odd as the ADF avignally designed to work with this
type of stochastic process.

TABLE 14:MONTE CARLO P-VALUES SERIES: DEBT-GDP PERIOD: 1966.01 TO 1990.02
REPLICA ADF OPP
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE
100 100 0.990 100 0.990 85 0.840 90 0.890]
500 500 0.998 500 0.998 439 0.876 450 0.898
1000 1000 0.999 1000 0.999 872 0.871 888 0.881

The same as for the others series, the OPP bgotstsalts demonstrate that this is a
test with acute size distortion. The only distifieature is the non-degeneration of the

statistics distribution, probably due to the pammmous number of lagged first difference
included in the simulation of the dependent vagabl

The debt-GDP ratio series is therefore a randonk wih drift, i.e., an ARIMA(0,1,0)
process.

The assumption that the real debt and the debt-&@Rlifference stationary implies
the public debt was sustainable and the governingsrtemporal budget constraint was being
satisfied. Because the stock of public bonds irsggdy the difference between the operational
deficit and the seigniorage, the real debt diffeeestationarity hypothesis is equivalent to

assuming a cointegration relation between thesevawmbles; see Welsh (1991) and Pastore
(1995).
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Thus, the result shows that the Brazilian publibtddid not have an explosive
growth?®, which is in accordance with the argument thairduthe eighties the government
generated the necessary seigniorage, in orderoid avdebt explosive growth, by continuously
increasing the monetary expansion. Hence, if sasteaf debt default was perceived by the
private agents, it could not have come about dukdg@overnment’s lack of ability to pay, or to
the violation of its intertemporal budget consttain

3.5 Real balances and monetization ratio

The M1 aggregate is defined as the total currgiiay the balances held in checking
accounts. It is computed monthly by the CentralkB&ine real money (or real balances) series
is the M1 aggregate over the general price inddye monetization ratio is the real money
divided by the real output. This last series isitiverse of the money velocity.

Table 15 shows that the OPP test rejected theofialunit root for the period 1966/90
for the real money series. Comparing the recursstenates of the lagged dependent variable of
the ADF and OPP equations, one may note the dtalfi the coefficient in the OPP
specification (note that the scale are differeat)] the large distance the coefficient kept from
the bounds of a unit root during the whole peribdis suggests that for this series the OPP test
seems to provide a suitable specification. Moreotrer ADF test is likely to provide a false
result to the sample data, since it does not haveacurate specification regarding the
deterministic terms.

TABLE 15: UNIT ROOT TESTS SERIES: REAL MONEY
SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta

LMR ADF 12 -1.487 13 -1.697

PP 4 -1.022 5 -1.887

OPP 12 -4.297 16 -4.657*
ALMR ADF 12 -5.054**

PP 5 -15.772**

Notes: (1) ADF and PP tests specified with tremohtg2) OPP tests performed with a polynomial treféfth and fourth order
respectively to each period. . The symbols (*) @mfirepresent rejection of the null of a unit ta the 5 and 1% significance
levels respectively.

The above remarks are firmly confirmed by the bimagsapproach, whose results are in
Table 16. With the exception of the OBPstatisticg®, the others strongly reject the unit root
hypothesis. In this case, the bootstrap approacieced the power distortion held by the ADF
test statistics. In addition, the OPP t-bootstreqdpced the correct sample size test. We then
performed a Monte Carlo experiment to investightelootstrap size distortion. The guidelines
of this procedure are described in sectiorf®3and the results are reported in Table 17. The
Monte Carlo evidence supports that the realizedst@p tests do not possess any material size
distortion, in the range of values chosen to th& fand fourth lagged differences parameters.
This shows that our approach corrected the sarapte power distortions.

% QOur results are complementary to the works of d®?ast1995) and Issler and Lima (1997), since we sastainability using
different period and technique from those empladygthese authors.

' The residuals of this test equation presentedlsewirelation of order land 1. However, the K-S convincingly (well above
the 10% level) accepted the residual series indbpere.

2 Even in the present case, the statistics frequeistsibution degenerated. We notice that in thape test it has a positive value
around 115.0753. Therefore, we do not considerailicome.

2 We chose to make variations on the first and tkiggjed difference parameters, since these ameghnessors, which stand the t-
statistics on its highest values. The observatiplies for both test equations. We also performezbements by changing the16
lagged difference, which is the regressor that sttppghe non-serial correlation hypothesis. Theltesare quite similar to those
reported in Table 17.
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TABLE 16: MONTE CARLO P-VALUES SERIES: REAL MONEY RED: 1966.01 TO 1990.03
REPLICA ADF OPP
TIONS
t-STATISTICS p-STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE
100 1 0.000 1 0.000 1 0.000 66 0.650
500 1 0.000 1 0.000 1 0.000 342 0.682
1000 1 0.000 1 0.000 1 0.000 686 0.685
TABLE 17: MONTE CARLO EXPERIMENT P-VALUES SERIES: REAL MONEY PERIOD: 1966.00 T990.03
PARAME ADF PARAME OPP
TERS t-STATISTICS p -STATISTICS TERS t-STATISTICS p-STATISTICS
91/63 e1/93
0.082/0.019 0.000 0.000 0.109/0.077 0.000 0.750
0.403/0.362 0.000 0.009 0.433/0.428 0.000 0.842

Notes: (1) Number of observations = 291. (2) Nundfeeplications=1000. (3) The true model is thesaf the bootstrap
procedure with the additional hypotheses on théficamnts of ALMR ;_; and ALMR;_3 . (4) Rejections based on a nominal size

of 5%.
Thus, we achieved a different conclusion from M= sample test, given that by the

bootstrap tests the real money series is 1(0). \Weclade the series is an AR(17) with a
polynomial trend of fourth order in the determiiigerms.

The monetization ratio or the inverse of money ojois pointed out as a stationary
variable by the ADF and OPP teStsiuring the period from 1966 to 1990 (Table 18yuFe
B.16 ratifies this conclusion. The bootstrap resintTable 19 endorse these results and provide
accurate size tests However, concerning the OPP test the approaamsée have some size
distortion (Table 20), when the values of the doefhts of aLmy,_;and aumy,_; approach the
interval higher bound. From a practical standpofntiew, some size distortion is not surprising
in finite samples, when the parameters undertakeme values. If we reduce the upper bound
by tightening the confidence intervals for 95, 8 80%, the simulated t—statistics p-values fall
to 0.146, 0.135, and 0.112, respectively. Thusdwerot need to be afraid of detecting some
size distortion.

Therefore, we have evidence of the monetizatiomo rand the money velocity
stationarity. We can conclude that these seridsvioh stationary AR(4) process around a
second order polynomial trend.

TABLE 18: UNIT ROOT TESTS SERIES: MONETIZATION RATIO
SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ) LAGS )
LMY ADF 12 -2.115 3 -3.1961
PP 4 -1.669 5 -2.733
OPP 15 -5.183* 3 -3.866*
ALMY ADF 12 -5.139%
PP 5 15167

Notes: (1) ADF and PP tests specified with tremoht€2) OPP tests performed with a polynomial treffifth and second order
respectively to each period. The symbols (T),a(f)l (**) represent rejection of the null of a urgbt at the 10, 5 and 1%
significance levels respectively.

TABLE 19: MONTE CARLO P-VALUES SERE MONETIZATION RATIO PERIOD: 1968 TO 1990.03
REPLICA ADF OPP
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE
100 1 0.000 2 0.010 5 0.040 7 0.060
500 1 0.000 4 0.006 22 0.042 43 0.084
1000 1 0.000 8 0.007 50 0.049 92 0.091

% The p -statistics rejected the null at a significancesleear to 1%.
3 particularly to this series all frequency disttibus corresponding to the bootstr@p-statistics are well behaved and have the
required negative asymmetry.
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TABLE 20: MONTE CARLO EXPERIMENT P-VALUES

SERBG: MONETIZATION RATIO PERIOD: 1966.01 TO

1990.03
PARAME ADF PARAME oPP
TERS t-STATISTICS p -STATISTICS TERS t-STATISTICS p -STATISTICS
6./65 61/65
0.072/0.063 0.000 0.000 0.080/0.076 0.000 0.000
0.400/0.407 0.000 0.049 0.406/0.419 0.173 0.284

Notes: (1) Number of observations = 291. (2) Nundfeeplications=1000. (3) The true model is thesaf the bootstrap
procedure with the additional hypotheses on théficamts of ALMR ;_3; and ALMR_3. (4) Rejections based on a nominal size

of 5%.

The assumption that the real balances and the imatieh ratio (money velocity) are
I(0) series has important implications. The firaeds that the money demand contraction that
took place during the seventies and eighties dichawve an explosive feature. In this sense, one
may not conclude that the high inflationary leveliserved at the end of the eighties was caused
by a money demand reduction that led the econontiggdCagan’s explosive region. Thus, the
financial innovation process that occurred durimg period and induced the monetary demand
contraction was not strong enough to cause an sixplomoney velocity. The recursive
estimates suggest that if these series were ndaviag integrated features, this tendency was
reverted during the eighties for a reason that resn@ be explained. One possible explanation
is that the Cruzado Plans had succeeded in redtleengpeed of this movement.

Engsted (1994) argues that if the real balancesl@) and the velocity shock is
stationary, then the Cagan’s model, under ratiexglectations and with no bubbles, has the
testable implication that the real money cointegratith the growth rate of money.
Nevertheless, we have showed in this study thatehlemoney and the monetary growth have a
different integration order. Thus, one cannot plastua cointegration between them. This
implies that this version of Cagan’s model is nallwitted to the features of the Brazilian
series.

3.6 Exchange rates

In this section, we focus our attention on the puamin the black market for American
dollars. The premium is defined as the percentxgess of the black market price of dollars
over the official exchange rate. We collected $beies from the Central Bank bulletin. All
calculations were made with the series in logargthim Tables 21 to 23, we report the
respective unit roots tests for each of these tbeges.

TABLE 21: UNIT ROOT TESTS REPORT SERIEOFFICIAL EXCHANGE RATE

SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta
LUSO ADF 1 +9.163 1 +6.305
PP 4 +13.898 5 +12.154
OPP 1 -4.200* 1 -0.478
ALUSO ADF 5 -5.496**
PP 1 -5.300**

Notes: (1) ADF and PP tests specified without triemth. (2) OPP tests performed with a polynomiedr of third and fourth order
respectively for each period. The symbols (*) &rf)irepresent rejection of the null of a unit ratthe 5 and 1% significance
levels respectively.
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TABLE 22: UNIT ROOT TESTS REPORT SERIEBRACK MARKET RATE
SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta

LUSB ADF 3 +7.277 2 +7.429

PP 4 +4.930 5 +12.320
OPP 1 -4.630* 0 -1.052
ALUSB ADF 2 -4.720**

PP 4 -10.325**

Notes: (1) ADF and PP tests specified without trend term. (2) OPP tests performed with a polynomial
trend of third and fifth order respectively for each period. The symbols (*) and (**) represent rejection
of the null of a unit root at the 5 and 1% significance levels respectively.

TABLE 23: UNIT ROOT TESTS REPORT SERIES: DOLLAR PREMIUM
SERIES TEST 1966.01 TO 1985.12 1966.01 TO 1990.03
LAGS ta LAGS ta
LAG ADF 6 -3.611* 3 -3.455*
PP 4 -4.044** 5 -4.153**
OPP 6 -3.7071 3 -3.966*

Notes: 1) ADF and PP tests specified with trenthtet) OPP tests performed with a polynomial trehslecond order for both
periods. The symbols (t), (*) and (**) represegjection of the null of a unit root at the 10, Sld% significance levels
respectively.

Regarding the dollar price series of both market® striking issue is the rejection of
the null by the OPP test during the period 1966/86s is a distortion held by the test when it
handles ever-increasing nominal series (see figBuEr), that in general has a nearly
exponential shape (when expressed in logarithnig}. fEature, in most of the cases, led the test
to wrongly reject the unit root hypothesis. Therefave do not take into account these results
and conclude that the official and the black mariae were difference stationary series
between 1966 and 1985, as during 1966 to 1990.

On the other hand, the dollar premium is, by timed tests, a trend stationary series.
The results are soundly confirmed by the bootdiats (table 24). We have enough evidence to
assume that the dollar premium is an AR(4) statipnarocess around a second order
polynomial trend.

TABLE 24: MONTE CARLO P-VALUES SERIES: DOLLAR PREMIUM PERIO1966.01 TO
1990.03
REPLICA ADF OPP
TIONS
t-STATISTICS p -STATISTICS t-STATISTICS p -STATISTICS
RANK P-VALUE RANK P-VALUE RANK P-VALUE RANK P-VALUE

100 1 0.000 1 0.001 1 0.000 1 0.000
500 1 0.000 2 0.002 1 0.000 1 0.000
1000 1 0.000 8 0.007 1 0.000 1 0.000

The dollar premium stationarity implies the cointgn between the official rate and
black dollar price with a known cointegrating vects (1,-1). This means that even being a
price from a speculative market the black dollad laastable, long run relationship with the
official market price. Moreover, this relationshipplied that one price could be used to help
forecast the other. At the same time, there mighGbanger causality in at least one direction (a
matter for further researc) Therefore, from this point of view, the policy keas’
apprehension of an explosion in the parallel matkat occurred in the eighties did not have
clear empirical support. Figure B.18 illustrateattthe dollar premium was too distant from a
non-stationary process.

32 preliminary experiments pointed out the seriesevemintegrated with vector (1,-1). The black dofaice is weakly exogenous
for the parameters of the official rate but theeirse does not seem to be true. The causal relatioirdirectional in the Granger
sense. However, all tests were performed with tbkaton of the Gaussian hypothesis.
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One possible reason that may justify why bothgwrimove closely in the long run was
the way in which the crawling peg policy was conddoduring the seventies and eighties. This
policy prevented any speculative run in the blackkat even if it was not able to forestall an
overvaluation throughout the entire period.
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4, Monte Carlo Main Results

In section 3, we applied our procedure to some iBiazmacroeconomic time series.
Then using the unit root test specification astgtaint we found the series representation. The

approximations to the series true processes asersimothe table below.

TABLE 25: DATA GENERATION PROCESSES

SERIES INTEGRATION DGP DETERMINISTIC TERMS
ORDER TREND SEASONALS
GDP i0) ARIMA(5,0,0) drift 52
INFLATION i) ARIMA(20,1.0) arif, T 2
MONEY GROWTH ) ARIMA(16.1,0) drift S2TOS12
NOMIN. INTEREST (1) ARIMA(10.1.0) arif, t S3
REAL INTEREST i(0) ARIMA(2.0,0) drift -
REAL DEBT (0 ARIMA(4.1,0) drift -
DEBT-GDP Q) ARIMA(0.1,0) drift Sa
REAL MONEY i(0) ARIMA(14,0,0) arif, 8, B, 7 S2T0 S12
MONETIZ. RATIO 1(0) ARIMA(4,0,0) drift, ¢ S2TO S12
OFFICIAL DOLLAR D) ARIMA(2,1,0) drift =
BLACK DOLLAR (1) ARIMA(3,1,0) drift
DOLLAR PREMIUM 1(0) ARIMA(4.0,0) arift, ?

In the empirical applications we obtained two typésesults. The first type comprise
the set of tests, which the bootstrap approachdede rejection of the unit root hypothesis, by
at least one of the bootstrapped tests.

For this type of result, when we bootstrapped tBé-Aest, the bootstrap coefficient and
the t-test had similar behaviors. In three cadespbotstrap approach changed the sample test
results, suggesting that both statistics possdsstamtial power distortion. In one case (money
velocity), the sample coefficient statistics regetthe null while the t-test marginally rejected it
The bootstrap approach strongly rejected the inulieneral, the bootstrap tests proved to have
more power than the ADF tests, especially concgriime t-test, suggesting the sample
statistics have better performance than the t-Tds. results demonstrated that both bootstrap
statistics had similar performances and they dicponesent any material size distortion.

The bootstrap statistics corresponding to the GRPhad a different pattern from the
ADF test. In the case (the GDP series) in whichdierministic regressors were misspecified,
the bootstrap approach corrected the size distogiesented in the sample test statistics and
ratified the H acceptation. In one case (real balances) theHgnuilynomial of lagged first
difference caused the degeneration of the bootstrafatistics distribution and induced the null
acceptation. Meanwhile, the null was rejected lgytttest. In the cases where the sample tests
had a small number of lags, the bootstpaplid not degenerate and both bootstrap statistics
rejected the null. The bootstrap-t performed bettem the coefficient test regarding the
distribution behavior and the power test. The swap procedure helped in setting the accurate
significance level for both statistics (when thestdbution did not degenerate), without
presenting important size distortion.

With the exception of the coefficient test assadatvith the OPP tests, the remaining
three bootstrap statistics revealed great abilitydetecting an “evident” false unit root
hypothesis. It is interesting to note that whenwas rejected by the bootstrap-t OPP, it was
simultaneously rejected by both bootstrap unit rype tests. Bearing in mind that we are
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handling a set of particular sample data, this maygest the OPP test is just giving information
about the deterministic trend terms the seriesga®enay have. Thus, it is playing no role in
determining the series integration order. Thereffeunit root testing we should only perform

the ADF test.

The second type of results includes the caseshichathe four bootstrap statistics
accepted the null hypothesis. For the series irthvtiie sample OPP tests rejected the null, the
bootstrap gave opposite results and got the samelusion as the sample ADF té&tsThis
demonstrated that the OPP tests have, in our dpsigrificant size distortions. As mentioned
above, in one case (monetary expansion) the baptstrefficient statistics degenerated due to a
large number of lagged difference, which suggebit the bootstrap-t OPP had better
performance, when dealing with series with stroaggsistence.

In the typical case of a random walk (debt-GDFojatie ADF statistics failed to give a
correct real size test. Their values were not @moffom the rejection region, as should be
expected if we take as benchmark the bootstragyesaThis shows that one must be careful in
working with this test as it may have significamtesdistortions and may lead to the null
rejection even if it is a true hypothesis. In ouperiments both bootstrap test statistics had
similar performances regarding the size tests.

In the cases of the null acceptation, a likelihseduential procedure was performed in
order to verify the significance of the high ordiesnd terms. In all cases their non-significance
was accepted. This is in accordance with the abewerk about the usefulness of employing
the OPP tests. Moreover, in our particular contb&tsample ADF tests presented lower size
distortion than the OPP type tests.

Broadly speaking, the bootstrap technique perforimetter when applied to the ADF
tests than when applied to the OPP tests. Thidisioa came forth the non-degeneration of the
bootstrapp ADF statistics, when a large number of lags weseessary to control residual

serial correlation, and from the absence of arikist size distortion.

Furthermore, the bootstrap approach performed dpgtter than the ADF and the OPP
tests regarding the size accuracy and the high&eipim hypothesis testing unit root against the
alternative of stationarityThus, it seems to be wise to perform the samplerowi tests and
proceed the analysis by bootstrapping them.

From the reported testing is not completely cléar OPP test usefulness, since if for
some cases it showed greater power than the ADFfeesothers it disclosed meaningful size
distortions. Thus, its performance is not unequaoghen compared to the traditional and
easier applying ADF. Anyway, we believe it remaassan ADF complementary test since it is
useful in specifying the deterministic trend tertasbe included in a series (trend stationary)
process. However, it has not a clear function & only wants to determine a series integration
order.

One last striking feature that came about from tials, concerns the number of
replications to be used in the Monte Carlo testcé&s be deduced from the reported p-values in
the previous section, the increasing number of kitimns only increased the p-values precision
and had no effect on the final decision. Thus,af two costly, one may simulate with 1000
replications, otherwise 500 replications will béfigient.

5. Conclusion

This paper has developed a procedure for bootstrgpipe Dickey-Fuller and Ouliaris,
Park and, Phillips unit root tests. The procedul@ns explicitly for polynomial trends, drift,
seasonal dummies and an ARMA error term. Our aimm t@adevelop a procedure with the

% These cases are all concentrated in the period 1866 to 1985.

23



UI l Economia - Texto para Discussdo - 234

practical objective of studying the Brazilian ecomyo We illustrated the procedure using
several macroeconomic time series. Because theg designed to be applied in a particular
empirical context, the accomplished bootstrap tpetsided accurate p-values for the sample
tests. In this case, the bootstrap afforded a waymproving on the approximations of
asymptotic theory.

The empirical results may also be interpreted agtaof Monte Carlo experiments,
because the bootstrap simulations mimicked adifiseries designed to access the size and
power properties of the ADF and OPP test statistibsis, the reported results constitute a study
on the size and power distortions of these tedtenvapplied to the Brazilian series. Our results
showed the bootstrap approach performed a lotritbdia the ADF and the OPP tests regarding
the size accuracy. As also has higher power in tgsis testing unit root against the alternative
of stationarity. The results also showed the boaysapproach performed better when applied to
the ADF tests than when applied to the OPP tesisause of its reduced size distortion.
Moreover, the Monte Carlo results showed the ADmsa tests have lower size distortion
compared to the OPP tests, while the OPP-t hasrbttver properties (than the ADF tests)
when a polynomial trend is presented in a seriasid¢aary) DGPs.

From the Monte Carlo results we concluded thatQR® test is not very useful for unit
root testing, but it may be used complementarilytii® purpose of specifying the deterministic
trend terms to be included in a series process.

Our main finding was to evidence that one optimalywor unit root testing is to
perform the ADF traditional tests combined with Hotstrap technique.
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Appendix A:  Guidelines used for performing the uni root tests to the sample data
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Regarding the ADF and the OPP tests, for all sevieshose the truncation lag of the
polynomial of lagged first difference by combinittie kmax criterion proposed by Campbell
and Perron (1991), with the information based $elecules (such as the Akaike and Schwartz
criteria) suggested by Ng and Perron (1993). Feqtnarterly series we took the kmax=8 and to
the monthly series we chose kmax=18. To the PR tiestlag truncation is chosen by the
Bartlett kernel.

As arule, we looked for specifications that maxed the p-values of the hypotheses of
nonexistence of serial correlation of any order.

As diagnostics tests we employed three differgme tests for checking the presence of
serial correlation in the residuals: the firsthe traditional Durbin-Watson test. The second is
the portmanteau Ljung-Box Q-statistics based oretfienated auto and crosscorrelations of the
first 24 and 36 lags. For the monthly data, we masteof the Q-statistics with the two lags and
for the quarterly data, we used only Q(24). Thedtis the LM-version of the Breusch-Godfrey
autocorrelation test of order p, p=1 to 4 for gedytdata, and p=1, 3, 6, 9 and 12 for monthly
data.

We also looked into the residual normality propenith the Bera-Jarque test and
investigated the choice criteria like the Akaikel &chwarz statistics and the equation standard
error regression (SER).

For most of the series we got for the unit rootst@sdependent residuals. Nevertheless,
in the cases where some serial correlation wasinahgpresent we followed Harvey (1990b)
suggestion and complemented the analysis by congpuktie Kolmogorov-Smirnov statistic
(this is a frequency domain test that comparesdbuals cumulative periodogram with the
theoretical spectral distribution for a white ngisehe tests for the dollar premium series (for
the period 1966/85) were the only striking excemiahich presented serial correlation (of' 12
order) pointed by the LM test (p-values around 2Wje tests for the real balances (ADF for
1966/90) and the monetization ratio (ADF and OPP1#66/90) series had the hypotheses of
no serial correlation of 2order, marginally accepted with p-values a liiiesuperior to 5%.

In all mentioned cases the Kolmogorov-Smirnov stiatiaccepted the residuals independence
with p-values superior to 10%.

In the table below, we tabulated the critical esldior the different specifications of the
ADF/PP and OPP t-tests.

CRITICAL VALUES* FOR THE DICKEY-FULLER, PHLLIPS-PERON AND OULIARIS, PARK, AND PHILLIPS UNIT
ROOT t-TESTS

CRITICAL ADF/PP* OPP

VALUES ter ty t ta tea tis
0.10 -2.574 -3.139 -3.560 -3.923 -4.252 -4.553
0.05 -2.874 -3.431 -3.828 -4.207 -4.513 -4.825
0.01 -3.461 -4.000 -4.377 -4.740 -5.063 -5.389

SOURCE: MACKINNON (1991) AND OULIARIS, PARK, AND RILLIPS (1989). * CRITICAL VALUES FOR A SAMPLE

OF SIZE N:230.
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Appendix B:  Data and recursive estimates

For all series we depicted the data set used ipdper. Aside each series we plotted the
recursive estimates of the lagged dependent variabtesponding to the ADF test equation, in
order to verify either the mentioned coefficientsastable during the whole period and if its
values were near the bounds of a unit root. Forréda balances series we also show the
recursive coefficient estimates associated with @& test. To the dollar series only the

premium dollar recursive estimates are presented.

MINAL INTEREST RATE

FIGURE B.17: DOLLAR PREMIUM, OFFICIAL AND BLACI
[

3
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Appendix C: Bootstrap statistics frequency distritutions

The table below shows the first fourth momentsliofienulated bootstrap statistics and the Bera-
Jarque statistic. In the statistics name, the fétsér designates the estimated statistics (@ statistics)

and the next three represent the test name (AOBPH).
TABLE C.1: BOOTSTRAP STATISTICS FREQUENOXSTRIBUTIONS

Series Period Statist. Mean S.E. Skew. Kurt. BJ*
GDP 66-90 T-ADF 2.243 0.221 ~0.200 3.030 33.511
56-90 p-ADF 1391 0.101 0174 3178 31.810
56-90 TOPP 3518 0.355 0.181 3.185 34.351
56-90 p-OPP 50.368 20.618 2467 15.164 35880.9
T 66-85 TADE 3.332 0.264 0.050 2.963 0.462
56-85 p-ADF 80.166 14674 0.717 3517 17.054
56-85 t-oPP 5.806 0.405 0.227 7.859 9.376
56-85 p-OPP 80.166 14674 0717 3517 96.780
m 56-85 T-OPP 2.842 0573 ~0.103 3.140 2.500
56-85 p-OPP -168.16 92379 23197 519.41 15.92E6
DR 56-85 T-OPP 5.204 0.268 0.112 2.097 2.168 |
56-85 p-OPP 389.42 6731.0 8.663 307.34 3.87E6
56-90 t-OPP A 377 0.214 0.147 2.907 3.948
56-90 p-OPP 84455 17.153 0.981 2817 297.96
DY 56-85 T-ADF 2.342 0.118 ~0.019 2.675 2260 |
56-85 p-ADF -12.099 1202 0.179 2.789 7.196
56-90 T-ADF 3436 0.154 0.557 8929 1516.3
56-90 p-ADF 22817 1923 0.176 6.074 398.78
56-90 toPP 3741 0.164 0.039 3126 0.914
56-90 p-OPP 32686 3.208 0241 3.259 12,449
MR 66-90 T-ADF “1.021 0.151 0.074 3.262 2.240
56-90 p-ADF 2254 0.857 0.353 3217 22692
56-90 TOPP 3673 0.270 0.135 3011 3.023
56-90 p-OPP 20415 5194.1 2766 120.23 57.4E4
MY 66-90 T-ADF 2.478 0.201 ~0.081 3.174 2.348
56-90 p-ADF 16.337 2.160 0.286 3.199 15.316
56-90 t-oPP 3538 0.206 0.067 3023 0.775
56-90 p-OPP 31.266 3624 0.062 3.103 11.842
TAG 56-00 T-ADF 2.476 0.281 ~0.057 3.354 T.750
56-90 p-ADF 19.868 3335 0.356 34721 78.430
56-90 t-oPP 2509 0.284 0.140 3761 27415
56-90 p-OPP 20.307 3420 0.438 3817 59.805

*The Bera-Jarque statistic has x2(2) distribution, the C.V.(0.05) = 5.99.
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