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Introduction

From the monetary reform of July 1994 to January 1999
Brazil followed the policy of pegging the new currency (the red)
to the US dallar. In January 1999 the real came under intense
pressure after arelatively small depreciation of the centra rate (in
the order of 7%) was interpreted by markets as a first step -
wards further exchange rate adjustments. As a result the policy of
pegging the exchange rate had to be abandoned and the redl te-
came a floating currency. Between January and February 1999
the currency collapsed by about 80% (from US$ 1.21 to US$ 2.2).
It then recovered somewhat and stood at about US$ 1.85 at the
time of writing (October 2000).

When the January 1999 crisis occurred the exchange rate
policy pursued by the Brazilian authorities and supported by the
IMF had evidently lost al the remaining credibility. The real ex-
change rate was clearly overvalued and the defence of the cur-
rency peg had led to high nominal and real interest rates, increas-
ing unemployment and a halt in economic growth. In the eyes of
financial markets the political cost of the defence of the currency
had become too high and no longer sustainable and this was un-
dermining the credbility of the peg itsdf.

This paper examines by means of econometric analysis the
vicious circle into which Brazilian authorities found themselves



after the outbreak of the Asian crisis as a result of the excessive
rigidity of the nominal exchange rate. We estimate a three equa-
tion modd explaining exchange rate expectations (the credibility
of the peg), the rate of unemployment and the short term inter-
est rate. The latter equation can be considered a reaction function
of Brazilian monetary authorities. Exchange rate expectations are
measured by the spread (agio) of the black market exchange rate
over the officia exchange rate for commercia transactions. Both
exchange rates are measured with respect to the US dollar. We
show that unemployment lagged by about two months is a very
sgnificant variable influencing the agio, that the agio in turn sig-
nificantly affects the nomina short term interest rate controlled by
monetary authorities (the Sdlic rate) and that unemployment is
sgnificantly influenced by the red interest rate lagged by about six
months. Thus by estimating these three egquations we capture the
essence of the vicious circle into which Brazilian authorities found
themselves as the result of their own inconsistent choices.

Our model belongs to the class of so-caled second genera-
tion models of currency crises in which authorities are assumed to
minimize a loss function (a function of the square of unemploy-
ment from target and of percentage changes of the nomina ex-
change rate) and to trade off between higher unemployment and
exchange rate stability. For models of this type see Obstfeld
(1986, 1994, 1996), Masson (1995) and Eichengreen and Jeanne
(1998). However, a too expansonary fiscal policy, especidly in
1998, aso contributed to explain the Brazilian crisis as suggested
by first generation models of currency crises Krugman, 1979).
For this reason we have incorporated fiscal variables as much as
possible into the estimated equations.

The paper is structured as follows. In Section 1 we present
the model consisting of four equations (a loss function of the gov-
ernment, an unemployment equation, an equation determining de-
valuation expectations and a reaction function of monetary



authorities explaining the short term interest rate). Section 2-4
contain the estimates of the model for the period March 1995-
August 1999 performed with monthly data.' Section 2 presents
estimates of the equation explaining expectations of exchange rate
changes (the agio), Section 3 presents estimates of the eguation
explaining unemployment and Section 4 explains the short term
interest rate. Section 5 concludes.

1 A model of unemployment and exchange rate expectations
under pegged exchange rates.

Congider a loss function L of the government with unem-
ployment and exchange rate changes as arguments:

Lt=a1Ut2+a2(St_St—1)
@

where U are deviations of unemployment from target, S is the
nominal exchange rate and a; and a, are the weights of unem-
ployment and changes in the exchange rate in the preference
function of the government.

Equation (1) says that the higher the deviation of unem-
ployment from target and the larger the devaluation of the nominal
exchange rate, the worse off is the governmemt.

It is assumed that the unemployment rate is a function of
the domestic interest rate i

U t = b [ t
@

! The sample period changes slightly depending on the equation.



wherei is the Brazilian short term rate controlled by the monetary
authority (the SELIC rate).

Equation (2) can be derived from an IS equation, relating
the deviation of GDP from its trend to the redl interest rate (Tay-
lor, 1999), plus Okun’'s law. It says that an increase in the real
interest rate leads to an increase in unemployment. Here we are
assuming expected inflation to be zero and therefore the nomina
interest rate to be equal to the redl interest rate.

The domestic interest rate i is determined by:

i ¢ = d i + d e®

©)

where i is the US nominal interest rate (the Federal Funds rate)
and e®is the expected change in the exchange rate.

Equation (3) may be interpreted as the Central Bank’s re-
action function. It says that the Banco Central do Brasil reacts de-
fensively to an increase in short term rates in the US and aso re-
acts to a worsening of devaluation expectations by increasing the
short term interest rate. An appreciation of the domestic currency
will adversely affect unemployment viathis interest rate channel.

Finally, devaluation expectations e® are modeled as a func-
tion of the deviation of the current exchange rate from the equilib-
rium exchange rate S*:

e’ t = g (S - S )
@)

Subdtituting (4) into (3), (3) into (2) and (2) into (1), we get
the following expression for the government’ s loss function:

Li=ai{b[ dii’®s dg(S*-S)]}* + a2(S:—=St1)

The government’s problem is to choose the value of § that
minimizes L. The first order condition for aminimumis:



dL/dS; =-2a:bdyg {b[ d1i’®+ d2 g(S-S:)]
}+ + a»,=0

Note that the first term in the derivative above is the mar-
ginal benefit of a devaluation. A devauation reduces the differ-
ence between S* and § and thus leads to a fdl in the interest
rate and in the rate of unemployment, reducing the government
loss. The second term in the derivative represents the marginal
cost for the government of a devauation. The government mini-
mizes its loss choosing that value of $ for which the marginal
benefit and marginal cost of adevauation are equa.

From the FOC, we get the value of the exchange rate cho-
sen by the government as:

S =5 —(az/2a1b*d°) + (di/dp 9 i™° ©)

Equation 5 says that the current exchange rate increases
with the long run exchange rate and the US interest rate.

According to the first two terms in the LHS of this equa-
tion, an appreciation of the domestic currency (S < S¥) will be
more likely:

(i) thelower a;, the weight attached by the government

to unemployment,

(i) the higher a,, the importance attached by the govern-
ment to a devaluation of the exchange rate,

(i1i) the lower b, the effect of the domestic interest rate on
unemployment,

(iv) thelower d,g, the effect of deviations of the exchange
rate from its long run equilibrium vaue on the domestic
interest rate.

Note aso that, according to the third term in the LHS, the
impact of an increase in the US interest rate on the exchange rate
is greater the more responsive to changes in the US rate is the
domestic interest rate (the larger d;). If the domestic and foreign



interest rates are tightly connected, the government will try to
compensate the adverse effect of an increase in i"*on i and
therefore on unemployment, by reducing the expectations of a de-
valuation through an increase in S. The required increase in S
will be higher the less sengtive the domestic interest rate is to
changes in the deviation of § from S*, i.e, the lower d, g

Substituting (5) into (3), using (4), we derive the following
expression for the domestic interest rate:

i t = ao / 2 ai b2 dz g
(6)

According to (6), quite intuitively, the domestic interest rate
will be lower the higher the relative importance attached by the
government to unemployment (the higher a; relativeto a,) and
the higher the effect of the interest rate on unemployment (meas-
ured by b).

The fact that the US interest rate does not appear in equa-
tion (6), as would seem logical, can be explained as follows. An
increase in i, according to equation (5), leads to a devaluation.
The devauation, in turn, according to equation (4), generates an
expectation of an appreciation (or of a reduced depreciation).
Hence, e°; goes down. The decrease in e®; fully compensates the
increase in i¥S, in equation (3), and, therefore, i remains un-
changed.

Findly, subgtituting (6) into (2), gives

u = a, | 2 a b d» g
M

Equation (7) suggests that the higher the weight the gov-
ernment places on the stability of the exchange rate vis-a-vis ur-
employment (the higher a,/a;), the higher the unemployment rate



will be.
Another interesting possibility is to make e®depend also on
U itsdf, asin equation (8):

e = (& - S ) + U t
®

where, for smplicity, we have assumed g= 1.

The idea here is that as long as Brazilian unemployment
was low or declining (1995-first haf of 1997), the large red g~
preciation of the currency was in itsdf not sufficient to make the
currency very vulnerable to a speculative attack, but when in late
1997 and 1998 unemployment increased substantially without a
significant correction in the real exchange rate, the currency ke-
came more and more vulnerable.

The government’ s loss function now is:

Le=aa{ [b/(1-bII[I*4 (S-S} + a2(St—St
1)
where, again for smplicity, we have dlso assumed d; = d, = 1.

The government will now set the value of the exchange
rate as:

Si=S*—(ax/2a)[(L-bl)/b*+i* )

The interest rate, in turn, will be:

ii=(@z/2a)[(1-bl)/ b7 (10)

Findly, the unemployment rate now is:

U (= (@ [ 2 a) [@ - b ) /I b]
(11)

Since, by definition, U >0, b | is necessarily less than 1.
The unemployment rate will be lower the higher |, i.e., the higher



the effect of U on exchange rate expectations. This channel e-
tween unemployment and expectations calls, therefore, for a
lower leve of optima unemployment. The existence of this chan-
ne makes the policy of pegging the exchange rate more vulner-
able to foreign shocks. In case of negative shocks to U the gov-
ernment’s fixed exchange rate policy is less optima than in the
absence of the channels analysed in this model unless the gov-
ernment iswilling to put a; = 0 roughly like the Argentinian gov-
ernment under the currency board policy.

The group of links isolated in the model presented above
and going from U to e°®, to i and back to U can be summarized
graphicdly asfdlows:

Eq. (8) Eq. (3) Eq. (2)
U > e® > [ > U

The model presented above does not exhaust the channels
through which an internationa shock could set in motion destabi-
lizing forces and eventudly lead to a sdf-fulfilling currency criss.
There are additiona ones which have been neglected here: (i) asa
result of an increase in domestic interest rates, if public debt is
large, the government deficit can worsen to such an extent that
the dynamics of the public debt becomes unsustainable, (ii) the
same can happen for foreign debt when international interest rates
go up or the country risk increases sharply, (iii) in the presence of
currency substitution and negative expectations about the future
stability of the currency the rea money demand could fal and, if
the Central Bank does not redlize this, monetary policy can fe-
come excessively expansionary and contribute to a currency crisis
which could otherwise have been avoided. It has been shown that
this latter kind of destabilizing force was a work in Italy in 1994-
95 when nomina money was not growing, the Banca d’ Italia was
convinced that monetary policy was restrictive and the lira was



depreciating sharply (Nielsen, Tullio and Wolters, 2000).

2 The determinants of exchange rate expectations in Brazil.

In this section we present OLS estimates of equation (8).
As aproxy for exchange rate expectations we use the percentage
deviation of the black market exchange rate of the Brazilian redl
with the US dollar from the official exchange rate for commercial
transactions (S). We call this percentage deviation the AGIO. The
AGIO isshown in Figure 1.
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The agio underwent large fluctuations during the sample pe-
riod. In particular we observe a significant increase in the last
quarter of 1996, well before the outbreak of the Asian crisis, a
high agio (from 4 to 7%) in the course of 1997 and a significant
decline in the first four months of 1998 (from 8.5% in January to
3. 6% in April) when confidence returned to Brazil. The highest
levels were reached in September and October of 1998 (9-10%)
just after the outbreak of the Russian crisis. Finaly one observes
that after the large devaluation of the officia exchange rate in
January and February 1999 the agio falls significantly to less than
1% on average in the first four months of 1999. Thus the agio
seems to be a good measure of exchange rate expectations in
Braxzil.

Figure 2 shows the two main independent variables of
equation (8): U and X (the real effective exchange rate, a proxy
for the deviations of the nomina exchange rate from its equilib-
rium value). During the sample period they tended to move in qo-
posite directions, with U low at first but increasing sharply as time
went by, while X which was already appreciated by about 20% at
the beginning of the sample period (with respect to August 1994),
depreciated dightly after mid 1997 but not by enough to compen-
sate for the effect of the increase in unemployment on the agio.

10



FIGURE 2
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While at the beginning of this research we had planned to
experiment with other proxies of exchange rate expectations like
the forward discount in the foreign exchange market, the interest
rate differential between the Selic rate and the US Federa Funds
rate and measures of exchange market pressure (a weighted ar-
erage of changes in the exchange rate and changes in interna-
tional reserves), both the analysis of Fig. 1 and the satisfactory re-
sults of the regressions using the agio as dependent variable con-
vinced us not to try with other measures.

Table 1 contains the tests of equation (8). The sample pe-
riod is April 1995-August 1999. The data are monthly and not sea-
sondly adjusted. A number of independent variables have been
added to the regression. All independent variables are defined as
3-months moving averages with two exceptions. X is not a moving
average and PRIV is a 6-months moving average. The real effec-
tive exchange rate (X) is deflated using consumer price indeces in
Brazil and abroad. Besides U and X, also the following variables
influence significantly the agio: the Brazilian trade balance meas-
ured in US dollars (TR), the ratio of Brazilian M2 to international
reserves (M2RES), a variable frequently used in the recent lit-
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erature on financia crises to measure “internationa illiquidity” of
a country, the proceeds of privatizations (PRIV), and the primary
deficit of the government as a share of GDP (DEFPRIM). All
variables except PRIV have the expected sign and their coeffi-
cients are highly significantly different from zero with t-gatistics
ranging from about 2.5 to about 7.5.

The significance of the coefficients is in generd rather n-
sengtive to the incluson of dummies and changes in the specifica-
tion. One exception arises from changes in the definition of PRIV
and from its elimination from the equation. In Table 1 PRIV &-
cludes the proceeds from the privatization of Telebras, the Brazil-
ian telecommunication giant. This privatization took place on July
29 1998 and the proceeds were 19.2 hillion reais, higher than the
total receipts of all other privatizations that occurred between
October 1991 and June 1999 (18.6 hillion). If one includes in
PRIV the proceeds from the sale of Telebras, its coefficient ke-
comes statisticaly insignificant. If as a result one suppresses
PRIV from the regression the coefficient of U becomes insignifi-
cant. However, the inclusion of the proceeds from the privatiza-
tion of Telebras into PRIV virtualy transforms the latter into a
(0,1) dummy variable and for this reason we tend to trust more the
narrower definition of PRIV actualy used in the table.

The lags of the independent variables (other than X) are 2
months for U, TR and DEFPRIM, 2 or 3 months for PRIV, d&-
pending on the equation, and 7 months for M2RES.? However, re-
caling that these independent variables are defined as 3 or 6-
months moving averages, the true lags are at least 1.5 months
longer. The 8.5 month lag with which the illiquidity ratio influences
the agio suggests that what we are measuring here may be more
the effect of domestic monetary policy on exchange rate expecta-

2 Considering that these data are published with at |east a one month lag,
the lags of the agio with respect to their announcement date is much
shorter.
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tions than changes in the perception of internationa financial mar-
kets about the internationa illiquidity pogtion of the country. Simi-
larly long lags of monetary policy on the agio defined in exactly
the same way were found in a study on the Itaian lira (Tul-
li0,1979).

Regresson 1.1 contains no dummy variables. The coeffi-
cient of U(-2) which has a t-tatistics of about 4.5 implies that a 1
percentage point increase in U (say from 5% to 6%) leads to an
increase in the agio of 1.2 percentage points. Eichengreen and
Jeanne (1998) found a similar strong and significant effect of U on
devaluation probability in Great Britain from May 1925 to Decem-
ber 1936. A 1 percentage point appreciation of the rea effective
exchange rate X (with the index moving from, say, 100 to 99)
leads roughly to a 0.15 percentage points increase in the agio. The
t-statistics of the coefficient of X is about 7.5. This confirms the
validity of the assumptions made in specifiying the modd of the
previous section and in particular in specifying equations (4) and
(8). As to the other variables a one billion dollar improvement in
the trade balance leads to a 2.4 percentage point reduction in the
agio and aone point increase in the illiquidity ratio (say from 2.5 to
3.5) leads to an increase in the agio of about 1.8 percentage
points. Privatization proceeds have the “wrong” sign: their in-
crease leads to an increase in the agio (a worsening of exchange
rate expectations). This implies that privatization proceeds
strengthen the official exchange rate more than the parallel one.
In the study on the liraby Tullio (1979) foreign exchange market
intervention by the Banca d'Itdia aso had the “wrong” sign for
the same reason. The adjusted R2 of regression 1.1 is 0.65. The
resduals of the regression are not well behaved: the LM and
Ljung-Box tests show that they are autocorrelated and the Ram-
sey F-Reset test indicates that there may be a functiona form
mispecfication. The other tests, however, show that the residuas
are normaly distributed (Jarque-Bera) and not heteroskedastic
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(White).

In order to try to overcome these problems we have studied
the residuals of the regression and anaysed the stability of the co-
efficients of the independent variables through time. Regression
1.2 differs from regression 1.1 in two respects. (a) we have added
a dummy variable which is equal to 1 in September and October
1998, two very bad months for financial markets worldwide ke-
cause of the crash of stock markets in the aftermath of the
August 1998 Russian crisis, and zero otherwise. The dummy, not
shown in Table 1, has a coefficient of 5.1 which is highly signifi-
cantly different from zero; (b) we have defined 3 dummy vari-
ables which are respectively equal to one from the beginning of
the sample period to July 1997 and zero otherwise (called DBEF),
equal to one from August 1997 to December 1998 and zero oth-
erwise (caled DASIA) and equal to one from January 1999 to the
end of the sample period and zero otherwise (called DAFTER).
July 1997 marks the beginning of the Asian currency and financia
criss and January 1999 the beginning of floating for the Brazilian
real. We have then multiplied the variable X by each of these
three newly defined dummies and introduced the three new vari-
ables thus obtained into the regression (regression 1.2). The pur-
pose is to test whether during the Asian crisis the agio was more
sengitive to the degree of overvaluation of the Brazilian real. The
answer to this question is clearly yes. A Wald F-test performed on
regression 1.2 shows that the hypothesis that the coefficients of
DBEF*X and DASIA*X are equal can be rejected at the 0.3%
confidence level. Hence we conclude that the sengtivity of the
agio with respect to X was dgnificanly higher during the Asian
criss than before. Similarly the hypothesis that the coefficients of
DASIA*X and DAFTER*X are equa can be rgected at the
6.5% confidence level. On the contrary the hypothesis that the
coefficients of DBEF*X and DAFTER*X are equal cannot be
rejected. These results are very plausible. Thanks to these two
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changes we obtain a sharp improvement in the adjusted R2 (from
0.65 to 0.82) and in the significance of the coefficients of al n-
dependent variables (with the exception of X) and the elimination
of the functiona form misspecification. However, the autocorrela-
tion of the residuals remains.

Regression 1.3 differs from regression 1.2 in two respects:
(a) additiona monthly dummy variables were included to account
for shocks which occurred in some months® (b) the variable
DEFPRIM, the primary deficit of the government as a ratio to
GDP, defined as a 3-term moving average, was added to the re-
gression. The coefficient of this latter varigble is significantly dif-
ferent from zero (at the 2% confidence level) and positive imply-
ing that an increase in the deficit by 1 percentage point of GDP
leads to an increase in the agio of about 0.6 percentage points.
The coefficient of the operationa deficit, a measure of the deficit
frequently used in Brazil is not as significantly different from zero
as the coefficient of DEFPRIM. The adjusted R2 of regression
1.3 is 0.88 and the residuals of the regression are now very well
behaved.

Overdl the modd proposed to explain devauation expecta-
tions in Brazil performs quite well. In particular the empirical tests
confirm the importance of unemployment and of the real effective
exchange rate in the explanation of devaluation expectations, as
suggested in equations (4) and (8). However, the trade balance,
the illiquidity ratio, the primary government budget deficit and pri-
vatization proceeds are also very significant determinants of the
agio. We turn now to equation (2) of the model explaining unem-
ployment.

3 A description of the dummies added to this and to the other regres-
sions reported in this paper can be obtained from the authors upon re-
quest.

15



3 Highreal interest rates and unemployment in Brazl.

Table 2 contains the regression explaining Brazilian unem-
ployment as a function of the real interest rate and the world n-
dustria production gap. In this section the variables are not trans-
formed into moving averages as in Section 2. The red interest
rate is defined as:

R=[(1+)/(Q+p)] -1
where i= the short term interest rate Selic) and p is Brazilian
consumer price inflation. The world industrid production gap
(WIPG) is defined as the percentage deviation of world industrial
production from trend calculated using the Hodrick-Prescott filter.

Seasondity in Brazilian unemployment data is very high.
The seasona scaling factors range from 1.07 in May to 0.78 in
December (1994-1999). Since in the regression of Table 2 U is
not seasonaly adjusted we have added seasona dummy variables
among the regressors. An increase in the real interest rate lagged
6 months leads to an increase in U and its coefficient is highly sig-
nificant with a t-datistics of 5.5. The length of the lag seems very
plausble. The estimated coefficient of R(-6) implies that one
would need an increase of 17 percentage points of R in order to
increase unemployment by 1 percentage point. This may seem
rather small at first sight. However, first, real interest rates were
high and variable in Brazil and this reduces the size of the esti-
mated coefficient; second, bank lending to enterprises is still not
very developed in Brazil compared to industrial countries because
of its prohibitive cost and third due to the smple specification of
the equation our estimates measure more temporary than perma-
nent effects, the former being notoriously smaller.

For the world industrid production gap the most significant
lag is substantialy shorter (2 months). The coefficient of WIPG is
aso highly sgnificant (t-statistics 4.6) and with the right sign. It
implies that an increase of 1 percentage point in world industrial
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production above trend leads to a reduction of Brazilian unem-
ployment of about 0.6 percentage points within two months. This
equation also has some dummy variables among the regressors.
One is DASIA, dready defined in Section 2. Its coefficient is sig-
nificant and positive suggesting an increase in Brazilian unem-
ployment after the outbreak of the Asian crisis not explained by
the other right handside variables. We shdl try to explain the
causes of this increase below. The adjusted R2 is 0.77. The re-
siduals of the regressions are well behaved. However, the regres-
sion does not pass the functional form mispecification Reset test.

In order to double-check the vdidity of the results of Table
2 we have tested a set of equations with the same explanatory
variables but with a different dependent variable: the percentage
devigtion of Brazilian industria production from trend (BIPG)
where the trend is obtained by computing the Hodrick-Prescott
filter. Thus this dternative variable is condtructed in exactly the
same way as WIPG. According to Okun's law BIPG is inversay
related to U. The results are presented in Table 3. The sample pe-
riod is September 1995 to June 1999. As before the rea interest
rate R and WIPG have coefficients which are very significantly
different from zero. Their signs are as expected. However, the
lag of R is now much shorter and WIPG is always contemporane-
ous. This faster reaction is plausible since it is known that output
reacts faster than employment to changes in demand.

Table 3 includes aso an explanatory variable which was not
ggnificant in Table 2: DInX, the rate of change of the rea effec-
tive exchange rate (deflated with the consumer price index) with
respect to the same month of the previous year. The sign of the
coefficient of DInX is as expected: a real depreciation of the d-
fective exchange rate leads to an increase in industrial production
with a two month lag. Regresson 3.1 aso contains one monthly
dummy variable. The adjusted R2 is 0.53. The residuals are not
well behaved. They are autocorrelated and heteroskedastik, sug-
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gesting instability of the coefficients and/or misspecification.

In regression 3.2 of Table 3 we test whether the coefficient
of WIPG changes significantly through time. As in the previous
tableswe identify 3 subperiods: the period before the Asian crisis,
the period characterized by the Asian and Russian crises and the
period starting in January 1999. We therefore multiply WIPG by
DBEF, DASIA and DAFTER introducing the 3 newly generated
variables among the regressors. It turns out that the sengitivity of
the Brazilian industria cycle to the world cycle increases sharply
through time, reflecting the increased openness of the economy on
the one hand and the disappearance of domestic sources of
growth on the other. With this modification and the inclusion of
one additional monthly dummy variable, the adjusted R2 increases
to 0.64 and the heteroskedasticity of the residuals disappears.
However, the problems of autocorrelation of the resduas remain.

In regression 3.3 we add the primary deficit of the govern-
ment among the explanatory variables and one seasona dummy
variable (for March). The deficit lagged four months is highly sig-
nificant (the t-gtatistics is 5.1) with a positive sign suggesting that
fisca policy has Keynesian effects on the business cycle. This last
regression is the most satisfactory in terms of the adjusted R2
(which increases to 0.74) and in terms of the significance the co-
efficients of R(-1), WIPG and DInX(-2), dthough some of the
autocorrelation tests suggest that autocorrelation of the residuas
remains.

The implications of the estimates presented in Tables 2 and
3 for the model of Section 1 are first that real interest rates are a
key determinant of Brazilian unemployment and of the business
cycle and second that the real effective exchange rate of the Bra-
zilian real has significant direct and indirect effects on the business
cycle and unemployment. As to the direct effects we have found
that the coefficient of DINX(-2) is significantly different from zero
and has the expected sign in the regressions explaining BIPG (Ta-
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ble 3). Asto the indirect effects we found in Section 2 that X is
one of the main determinants of the agio and we shall see in Sec-
tion 4 that the agio is in turn a key determinant of the nomina in-
terest rate: therefore X influences U and BIPG aso indirectly via
the agio and the red interest rate. Finally the tests presented in
this section suggest a high and increasing dependence of Brazilian
unemployment to the foreign business cycle and hence an in-
creasng vulnerability of Brazil to red economic developments
abroad.

We turn now to the determinants of the nomina Selic rate

(equation (3)).

4 Devaluation expectations and the reaction function of the
Banco Central do Brasil.

In this section we anayse the determinants of the key Bra-
zilian short term interest rate, the Selic rate, which is under the d-
rect control of the Banco Central do Brasil and is equivaent to the
Federal Funds rate in the United States. For estimation we have
modified equation (3) by taking first differences and by including a
few additiona explanatory variables. The resulting specification is
more consistent with the empirical literature on reaction functions.
Theequation is

Di= dy + d;Di%S + d,e® - dsDIR - d;U + dsS%
(3a)

where D stands for the absolute change with respect to the previ-
ous month, i“®is the Federal Fundsrate in the US, e®is the AGIO,
IR is international reserves, U is the 3-months moving average of
unemployment and S% is the percentage change of the Brazilian
real-US dollar nomina exchange rate with respect to the previous
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month. The agio does not enter as a first difference because the
coefficient of e®turned out to be more significantly different from
zero than the one of De®.

The three independent variables which have been added
[cfr. equation (3) with equation (38)] are: DIR, the rate of unem-
ployment reflecting the concern of monetary authorities with un-
employment (the negative sign in front of d, implies that if U in-
creases i is reduced) and the percentage change of S with respect
to the month before reflecting the concern of monetary authorities
with a depreciating exchange rate. The incluson of S% only
makes sense under flexible exchange rates when S stops being a
target of policy. Aswe shal see below ds is significantly different
from zero only after January 1999. The OLS estimates of equa-
tion (3a) are presented in Table 4. The sample period is March
1995-June 1999.

The coefficients of al explanatory variables have the &-
pected sign. Except for the coefficient of DiY° they are dl signifi-
cantly different from zero at the 1% confidence level. The most
significant lag of Di® is two months. A 1 percentage point i
crease in the agio leads to an increase in the nominal Selic rate of
over 300 basis points in the same month. When internationa re-
serves increase the Banco Central do Brasil feels more relaxed
and reduces interest rates significantly within the same month.
The reaction of the Central Bank to U is very dow. Considering
that U is defined as a three months moving average the lag is
about 7.5 months. Some monthly dummy variables are aso n-
cluded among the regressors. The adjusted R2 is 0.91 and the re-
siduals pass al the standard tests except the one for normality
(Jarque-Bera).

In regression 4.2 we check whether the coefficients of the
explanatory variables are stable over time. In order to do this we
use the dummy variables DBEF, DASIA and DAFTER dready
defined above. It turns out that the coefficient of DIR is sgnifi-
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cantly different from zero only in the period August 1997-
December 1998 (during which DASIA is equa to 1) and that the
coefficient of S% is sgnificantly different from zero only during
the flexible exchange rate period (during which DAFTER is equa
to 1).* This implies that the Central Bank reacted to changes in
international reserves in the expected direction only during the
Asan/Russan crisis. In regresson 4.2 the coefficient of the
AGIO is substantialy higher: a change of 1 percentage points im-
pliesanincreasein i of about 400 basis points. The adjusted R2 is
0.92 and the problem of non-normality of the residuas persists.

5 Conclusions

In this paper we have analysed the vicious circle into which
acountry can end up if it indsts in defending an excessively over-
valued exchange rate for too long. High interest rates are needed
to defend the currency peg, unemployment goes up and this influ-
ences the credibility of the peg and devaluation expectations in a
negative way. Increased devaluation expectations in turn are n-
corporated into interest rates, a fact which eventually leads to
even higher unemployment until the defence of the currency he-
comes politically unsustainable. We analyze these channels both
theoreticaly and empirically.

In the theoretical model of Section 1 we start from a loss
function of the government in which the latter is assumed to pur-
sue two objectives: keep deviations of unemployment from target
low and avoid devauations. We show that the higher the weight
attached by the government to exchange rate stability and the
lower the weight attached to increases in unemployment, the more

4 The regression which includes the insignificant variables is not shown
to save space. It is available from the autors upon request.
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it will persst in the defence of the currency. We also show that
the defence will be more stubborn and persistent, the lower the
effect of an increase in interest rates on unemployment and the
lower the effect of the overvaluation of the currency and of de-
valuation expectations on the domestic interest rate.

In the empirical part of the paper we estimate a 3 equation
monthly model for Brazil from March 1995 to August 1999. The
estimated equations are an equation explaining devauation ex-
pectations, another one explaining unemployment and, findly, the
reaction function of monetary authorities explaining the Selic in-
terest rate. We show that al the channels mentioned above played
an important role in Brazil. In particular we show that (i) the rate
of unemployment and the overvauation of the currency are sig-
nificant determinants of devaluation expectations measured by the
spread (agio) of the black market R$-US$ exchange rate over the
officia market rate for commercia transactions, (ii) devauation
expectations influence significantly the Selic rate and (iii) the real
interest rate is a significant determinant of the rate of unemploy-
ment.

We show in addition that fiscal policy, which was very ex-
pansonary in Brazil especidly in the eection year 1998, influ-
enced significantly the agio in the direction one would expect. This
fiscal indiscipline prepared the ground for the currency crisis of
the second half of the year which led to the abandonment of the
peg in January 1999. It is worth noting that Brazil did not buy any
economic growth with these policies, as real GDP was virtudly
flat in 1998.
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Table 1Brazil — Determinants of the black market exchange rate
premiumDependent variable: agio — OL S estimates

Independent Regression 1.1 Regression 1.2 Regression 1.3
variables
Cc 3.0342 5.9464 2.2533
(1.9332) (1.0147) (0.4545)
U (-2) 1.2283 1.5202 1.1021
(4.3865) (5.6366) (3.0406)
X -0.1473 — —
(-7.6776) — —
DBEF*X — -0.2162 -0.1497
— (-3.5171) (-2.8841)
DASIA*X — -0.2430 -0.1828
— (-4.1475) (-3.6936)
DAFTER*X — -0.2047 -0.1612
— (-5.2032) (-4.8069)
TR(-2) -2.4110 -2.8710 -2.4400
(-4.0586) (-5.9395) (-5.8260)
M2RES (-7) 1.7903 2.2975 2.7096
(3.0935) (4.8525) (6.5571)
PRIV (-2) 0.0031 — —
(2.7932) — —
PRIV (-3) — 0.0046 0.0046
— (5.1339) (4.7988)
DEFPRIM (-2) — — 0.5888
— — (2.5928)
Adjusted R2 0.6525 0.8186 0.8831
LM1 13.7370 6.6232 0.1479
(0.0006) (0.0136) (0.7027)
LM4 — — 1.0928
— — (0.3757)
LM12 — — 0.6409
— — (0.7886)
Ljung-Box 23.484 21.733 10.131
(0.024) (0.041) (0.604)
Jarque-Bera 3.8411 0.8441 1.2727
(0.1465) (0.6557) (0.5292)
White 1.2721 1.0337 0.7762
(0.2768) (0.4453) (0.7238)
RESET (2) 3.1390 0.5603 1.3220
(0.0529) (0.5752) (0.2792)
RESET (3) 2.1972 0.3729 1.0902
(0.1018) (0.7730) (0.3661)
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Notes: (1) Period of estimation: Regressions 1.1 and 1.2 — April 1995/August 1999;
Regression 1.3 — May 1995/August1999; (2) Figures below the regression coeffi-
cients are t-statistics; figures below the diagnostic tests are p-values; (3) Regressions
1.2 and 1.3 included dummy variables, which are not show to save space.
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Table 2
Brazil — Real interest rate and unemploymentDependent variable: U — Period of
estimation:May 1995/August 1999 — OL S estimates

Independent Coeficients
variables

C 3.2839
(12.0223)

R (-6) 0.0592
(5.5134)

WIPG (-2) -0.5925
(-4.5962)

DASIA 2.3830
(8.8483)

Adjusted R2 0.7707

LM1 1.6857
(0.2020)

LM4 0.5742
(0.6831)

LM12 0.7423
(0.6997)

Ljung-Box 9.8304

(0.631)

Jarque-Bera 2.9299
(0.2311)

White 0.8654
(0.5993)

RESET (2) 9.3887

(0.005)

RESET (3) 6.0900
(0.0018)

Notes:

(1) Figures below the regression coefficients are t-
statistics; figures below the diagnostic tests are p-
values,

(2) (2) The regression included dummy variables,
which are not shown to save space.



Table 3

Brazil — Real interest rate and the output gapDependent variable: BIPG —
Period of estimation: September 1995/June 1999 — OL S estimates

Independent Regression 3.1 | Regression 3.2 | Regression 3.3
variables

C 3.6969 3.1539 3.4733
(3.9937) (3.6535) (4.7289)

D InX (-2) 0.0431 0.0567 0.0610
(2.0158) (2.3887) (3.0451)

R (-1) -0.1842 -0.1498 -0.1666
(-4.4892) (-4.0508) (-5.3961)

WIPG 2.1617 — —
(5.9089) — —

DBEF*WIPG — 1.4476 1.2087
— (3.1796) (3.1021)

DASIA*WIPG — 2.3019 2.7024
— (3.4719) (4.7997)

DAFTER*WIPG — 4.8516 6.0696
— (3.3997) (4.9833)

DEFPRIM (-4) — — 1.3373
— — (5.0866)

Adjusted R2 0.5272 0.6381 0.7419
LM1 2.7511 0.6427 1.5115
(0.1050) (0.4278) (0.2269)

LM4 1.5388 1.7064 1.2997
(0.2111) (0.1713) (0.2904)

LM12 1.7240 1.8459 2.7921
(0.1128) (0.0927) (0.0146)

Ljung-Box 25.164 25.403 41.831
(0.014) (0.013) (0.000)

Jarque-Bera 1.1464 0.3491 0.1113
(0.5637) (0.8398) (0.9459)

White 3.0274 1.3027 0.7306
(0.0125) (0.2633) (0.7288)

RESET (2) 2.3474 0.9051 0.3943
(0.1090) (0.4135) (0.6771)

RESET (3) 1.8943 0.5886 0.3881
(0.1470) (0.6266) (0.7623)




Notes: (1) Figures below the regression coefficients are t-statistics; figures below the
diagnostic tests are p-values; (2) All regressions included dummy variables, which are
not shown to save space.
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Table4
Brazil — Determinants of the short term interest rate (SEL1C)Dependent variable:
Di — Period of estimation:M arch 1995/June 1999 — OL S estimates

Independent | Regression | Regression
variables 4.1 4.2
c 4.0830 3.3762

(2.9632) (2.5784)
AGIO 0.3119 0.3938
(2.7715) (3.7556)
DIRrR -0.2689 —
(-4.0880) —
DASIA*D IR — -0.3567
— (-4.6979)
Di* (-2) 2.3440 2.4299
(1.1650) (1.2641)
U (-6) -1.2869 -1.2298
(-4.9087) (-4.8881)
S0 0.1330 —
(2.3458) —
DAFTER*S% — 0.2127
— (4.2195)
Adjusted R2 0.9136 0.9214
LM1 0.1834 0.4695
(0.6708) (0.4972)
LM4 1.2480 0.5873
(0.3077) (0.6739)
LM12 1.1504 1.4261
(0.3612) (0.2102)
Ljung-Box 11.807 10.707
(0.461) (0.554)
Jarque-Bera 6.4599 7.8100
(0.0396) (0.0201)
White 1.5517 1.1262
(0.1384) (0.3696)
RESET (2) 0.7575 0.9453
(0.4756) (0.3973)
RESET (3) 0.7112 0.6295
(0.5514) (0.6005)
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Notes: (1) Figures below the regression coefficients
are t-statistics; figures below the diagnostic tests are
p-values; (2) All regressions included dummy vari-
ables, which are not shown to save space.



APPENDIX — DATA DEFINITIONS AND SOURCES

AGIO — black market exchange rate premium — source:
FGV/Conjuntura Economica.

BIPG — index of Brazilian industrid production (deviation from
trend — HP filter) — source: FGV/Conjuntura Economica.

DEFPRIM — primary fiscal deficit — % of GDP — source:
FGV/Conjuntura Economica.

i — nomina interest rate SELIC — source FGV/Conjuntura
Economica.

i " — US federal funds rate — source: IFS-International Monetary
Fund.

IR —internationa reserves — US$ million — source: Macrometrica.
M2RES - M2/IR — source: Boletim do Banco Central do Brasil.

PRIV — privatization receipts — R$ million — source: Boletim do
Banco Central do Brasil.

R — red interest rate SELIC (deflator: consumer price index) —
source: FGV/Conjuntura Economica.

S — nomina exchange rate RYUS$ — source: FGVConjuntura
Economica.

TR — trade baance — US$ billion — source: FGV/Conjuntura
Economica



U — unemployment rate — source: FIBGE.

X —index of the red effective exchange rate (deflator: consumer
price index) — source: Macrometrica.

WIPG — index of OECD industrial production — (deviation from
trend - HP filter) — source: OECD Main Economic Indicators.



