
Working Paper Series

ISSN 1518-3548

Inflation Targeting in an Open Financially Integrated

Emerging Economy: the Case of Brazil
Marcelo Kfoury Muinhos

August, 2001



2

                                                                                                                                                         ISSN 1518-3548
                                                                                                                                            CGC 00.038.166/0001-05

Working Papers Series Brasília n. 26 Aug 2001 P. 1 – 26



3

:RUNLQJ�3DSHU�6HULHV

Edited by:

5HVHDUFK�'HSDUWPHQW��'HSHS�

(e-mail: conep.depep@bcb.gov.br , workingpaper@bcb.gov.br)

Reproduction permitted only if source is stated as follows: Working Paper Series n. 26.

Authorized by Ilan Goldfajn (Director of Economic Policy)

*HQHUDO�&RQWURO�RI�6XEVFULSWLRQ�

Banco Central do Brasil
Demap/Disud/Subip
SBS – Quadra 3 – Bloco B – Edifício-Sede – 2º subsolo
70074-900 - Brasília (DF)
Telefone (61) 414-1392
Fax (61) 414-3165

Number printed:  450 copies

The views expressed in this work are those of the authors and do not reflect those of the Banco Central or its members.

Although these Working Papers often represent preliminary work, citation of source is required when used or reproduced.

$V�RSLQL}HV�H[SUHVVDV�QHVWH�WUDEDOKR�VmR�H[FOXVLYDPHQWH�GR�V��DXWRU�HV��H�QmR�UHIOHWHP�D�YLVmR�GR�%DQFR�&HQWUDO�GR�%UDVLO�

$LQGD�TXH�HVWH�DUWLJR�UHSUHVHQWH�WUDEDOKR�SUHOLPLQDU��FLWDomR�GD�IRQWH�p�UHTXHULGD�PHVPR�TXDQGR�UHSURGX]LGR�SDUFLDOPHQWH�

%DQFR�&HQWUDO�GR�%UDVLO�,QIRUPDWLRQ�%XUHDX

Address: Secre/Surel/Dinfo
Edifício-Sede, 2º subsolo
SBS - Quadra 3, Zona Central
70074-900 - Brasília (DF)

Phones: (61) 414 (....)   2401, 2402, 2403, 2404, 2405, 2406
DDG: 0800 992345
FAX: (61) 321 9453
Internet: http://www.bcb.gov.br
E-mail: cap.secre@bcb.gov.br

           dinfo.secre@bcb.gov.br



4

,QIODWLRQ�7DUJHWLQJ�LQ�DQ�2SHQ�)LQDQFLDOO\�,QWHJUDWHG
(PHUJLQJ�(FRQRP\��WKH�FDVH�RI�%UD]LO�

Marcelo Kfoury Muinhos2

Research Department
Central Bank of Brazil

August 31, 2001

Abstract

This paper conducts a study of the pass-through from the exchange rate
devaluation to inflation considering the recent change in the foreign exchange
regime in Brazil. Econometric estimations were performed using the
specifications of the pass-through suggested by Goldfajn and Werlang (2000).
Some simulations of the augmented Taylor rule (with an added exchange rate
term) have also been made to analyze the response from supply and external
shocks in a simple Inflation Targeting model with trade balance equations. In
contrast to Ball (2000), when the exchange rate is included in the Taylor rule,
output volatility increases after a negative shock to the capital inflow.
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����,QWURGXFWLRQ�

In recent years, one can observe that an increased number of countries have adopted
inflation targeting as their monetary policy regime. Even among emerging markets, this
policy regime has been adopted recently in a number of countries such as Chile, Brazil,
Poland, and Israel. In the opposite direction, some authors such as Calvo and Reinhart
(2000) empirically conclude that emerging countries have a bias against flexible
exchange rates that are an important feature of the inflation-targeting framework.

They argue that the reasons for the alleged bias against exchange-rate flexibility are in
general linked to the high pass-through from the exchange rate to inflation (fear of
inflation) and the financial imbalances caused by the high degree of foreign-currency
indebtedness of firms in those countries (fear of floating). Ball (2000) doubts the
adoption of a purely inflation-targeting framework is efficient, unless the monetary
policy rule is modified in order to give some role to the exchange rate.

This paper conducts a study of the pass-through from the exchange rate devaluation to
inflation considering the recent change in the foreign exchange regime in Brazil.
Econometric estimations were performed using the pass-through specifications
suggested by Goldfajn and Werlang (2000).

This paper also conducts simulations in a simple inflation-targeting model for Brazil
that include equations for the trade balance and an augmented Taylor rule (with an
added exchange rate term) as suggested by Ball (2000).  Those simulations enable us to
obtain the response for supply and external shocks.  In contrast to Ball (2000), when the
exchange rate is included, output volatility increases after a negative capital inflow
shock.

The paper is organized as follows. Section 2 presents some stylized facts regarding the
alleged limited flexibility of the exchange rate in emerging markets countries. Section 3
presents the econometric estimations of the pass-through for Brazil. The following
section discusses a simple model with a modified Taylor Rule and an Uncovered
Interest Parity rule, which depends on the trade balance surplus. Section 5 shows the
simulation exercises and the last section concludes the paper.

��±�6W\OL]HG�IDFWV�DERXW�WKH�OLPLWHG�IOH[LELOLW\�RI�WKH�H[FKDQJH�UDWH�LQ
HPHUJLQJ�FRXQWULHV

The main reasons that are usually presented as the cause of limited flexibility of
exchange rate ins emerging market countries are:

- the high degree of pass-through from the exchange rate to inflation;
- the financial impact of devaluations on dollar denominated liabilities in the

balance sheet of firms;
- the recessionary impact of major devaluations.
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In this section we discuss each of the above arguments and use them to frame the
Brazilian experience with a floating exchange rate regime.

The empirical evidence on the limited flexibility of the exchange rate in emerging
countries (even in those that defined themselves as free floating) has been discussed  in
many papers. Calvo and Reinhart (2000) is the main reference on this matter.

Regarding the pass-through, Haussmann, Panizza and Stein (1999) present a table with
the estimations of the inflation pass-through for more than 40 countries.  The authors
estimate a below 5% 12-months pass-through for G-7 countries, and on the other
extreme, countries like Mexico, Paraguai and Poland have a pass-through higher than
50%.

According to Goldfajn and Werlang (2000), the reasons for the low pass-through in the
Brazilian January/1999 episode are: (a) the recessionary environment in the period, that
unable the firms to increase the prices after the devaluation (b) a perceived overvalued
exchange rate before floating, that allows a correction in the ratio of tradeable and non-
tradable without a generalized increase in prices and (c) a low initial inflation in 1998.
For these reasons, the pass-through indeed was very low in this single episode, but there
is no guarantee that this will be the average pass-through for the Brazilian economy. In
other phases of the business cycle and with the exchange rate closer to the equilibrium
level, the pass-through might be higher. The next section presents some estimations for
the pass-through in Brazil.

The second negative consequence of extreme volatility of the exchange rate in
emerging markets is the occurrence of financial crises caused by the dollar denominated
liabilities of firms.  Haussmann, Panizza and Stein (2000) argued that:

³&HQWUDO�%DQNV�RI�FRXQWULHV�XQDEOH�WR�ERUURZ�LQ�WKHLU�RZQ�FXUUHQF\�ZLOO
LQWHUQDOL]H�WKH�SRWHQWLDO�LPSDFW�RI�D�GHSUHFLDWLRQ�GXH�WR�FXUUHQF\�PLVPDWFKHV
ZKHQ�FDUU\LQJ�RXW�H[FKDQJH�UDWH�DQG�PRQHWDU\�SROLF\�´�

Those mismatches are even more dramatic in a financially integrated world, where any
rumor of financial problems can generate capital flight that might produce self-fulfilling
crises.

The third undesirable impact of the devaluations is the resulting recession. Calvo and
Reinhart (2000) show that there is no evidence of expansionary effects of devaluation
even in developed economies, anyway the drop in GDP growth is higher in emerging
countries than in developed ones. Rodrik (2000) found that:

�³7KHUH�LV�HYHU\�UHDVRQ�WR�WKLQN�WKDW�WKHVH�UHDO�GHSUHFLDWLRQV�ZHUH�DQ�LPSRUWDQW
ERRVW�WR�HFRQRPLF�DFWLYLW\��SDUWLFXODUO\�LQ�WUDGDEOHV��DQG�QRW�VLPSO\�VRPHWKLQJ
WKDW�ZHQW�DORQJVLGH�KLJKHU�JURZWK��7KH\�XQOHDVKHG�HQWUHSUHQHXDULDO�HQHUJLHV
DQG�IRFXVHG�WKHP�RQ�ZRUOG�PDUNHWV��ERRVWHG�H[SRUWV��DQG�VHW�WKH�VWDJH�IRU
HFRQRPLF�WUDQVIRUPDWLRQV´
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Goldfajn and Olivares (2001) also contributed to the debate about the choice of exchange
regime. They gathered stylized facts as following:

�³GHYHORSLQJ�FRXQWULHV�SUHIHU�WR�DOORZ�D�KLJKHU�YRODWLOLW\�RI�UHVHUYHV�DQG
LQWHUHVW�UDWHV�LQ�H[FKDQJH�IRU�D�ORZHU�YRODWLOLW\�RQ�WKHLU�H[FKDQJH�UDWH������
6HFRQG��WKH�VHQVLWLYLW\�RI�GRPHVWLF�LQWHUHVW�UDWHV�WR�WKH�LQWHUQDWLRQDO�LQWHUHVW
UDWH�LV�KLJKHU�XQGHU�IL[HG�H[FKDQJH�UHJLPHV�WKDQ�XQGHU�IORDWLQJ�UHJLPHV�
)LQDOO\��GHYDOXDWLRQ�VHHPV�WR�EH�PRUH�FRQWUDFWLRQDU\�LQ�GHYHORSLQJ�FRXQWULHV�
EXW�OLPLWHG�WR�FXUUHQF\�FULVLV�SHULRGV�DQG�LQ�WKH�YHU\�VKRUW�UXQ�´

They also concluded using a panel that countries more integrated to the international
financial markets and with a weaker current account position are less able to use the
exchange rate to respond to external shocks.

Analyzing these stylized facts in regard to the Brazilian recent floating experience, we want
to show that exchange rate flexibility is not a major concern for Brazilian policymakers.
However, a more careful analysis of the impact of the devaluation on the inflation rate is
required including also the exchange rate as a policy instrument. The next section presents
some empirical evidence of the pass-through in Brazil, and after that, a model including the
exchange rate in the Taylor rule and uncovered interest parity depending upon which
fundamentals are presented.

��±�3DVV�WKURXJK�LQ�%UD]LO��HPSLULFDO�HYLGHQFH

All the econometric estimates for the Brazilian experience are based on two equations
presented in Goldfajn and Werlang (2000). Two samples were used and forward-looking
terms and instrumental variables were also added to the specifications. In order to choose
the best results, some in-and-out-of-sample tests were performed.

The first equation is a standard Phillips curve equation, adding a term for the real exchange
rate gap and also for the degree of openness of the economy in the standard Phillips curve:

)1()( 15141312110, WWWWWWWMWW
X23(K5(5HH +++++−+= −−−−−+ βπβββββπ

where h is the output gap measured as GDP minus a linear trend, RER is the real exchange
rate gap and OPE is the degree of openness of the economy. The real exchange rate gap is
the percentage difference between the actual real exchange rate3 and a Hodrick-Prescott
filter of the real exchange rate. The degree of openness is the ratio of the sum of import and
export to GDP.

Table 1 presents the results for the 1980-2000 period  (column (3)), as well as for the
shorter 1995-2000 period  (columns (1) and  (2)), considering quarterly data.  For the
expanded sample the dependent variable is the first difference in the inflation rate. The
                                                
3 The real exchange rate is the price of one dollar in local currency deflated by domestic CPI and US PPI.
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presence of unit roots in levels drove us to the first difference world. Also, many dummy
variables were necessary for the breaks caused by failed stabilization plans in the late
eighties and early nineties. For each sample period, a forward-looking term was also
included to cover for inflation expectations (columns (2), (3)). There are many alternatives
for modeling expectations. The chosen alternative is the actual inflation rate with a one-
period lead as the forward-looking term. This means that economic agents have perfect
foresight. When the forward-looking term is used, there is certainly correlation with the
error term, so it is important to use instrumental variables to correct it. However the
estimated coefficients were not significant so they are not reported here.

The pass-through coefficients are robust for all specifications and only in the instrumental
variables alternative not significant. The contemporaneous value is around 10% and is
comparable to the Goldfajn  and Werlang (2000) estimate for the 3-month pass-through.
However, it is smaller than the 19.9% value for the America region and similar to the
European number. The same occurs with the output gap variable, only the IV estimations
are not significant. The fixed effects accumulated in 6 months for emerging markets found
by Goldfajn  and Werlang (2000) are significantly (0.015) smaller than reported here
(around 0.4). The deviation of the real exchange rate from  its equilibrium is not significant
in any model. The same thing happened with the degree of openness that is not reported in
Table 1. The forward-looking inflation term is only significant for the case of the long
sample (column 3).

7DEOH��  

�/LQHDU�3KLOOLSV
Coefficients Short Sample /1 Short Sample Long Sample /2

without forward-looking  with forward-looking  with forward-looking  
(1) (2) (3)

Dependent variable inf inf d(inf)

constant 0.02 0.02 0.005
/3 (2.93) (2.48) (0.45)
pass-though 0.10 0.09 0.11

(3.25) (3.00) (3.77)
RER gap 0.03 0.02 0.05

(1.40) (1.30) (0.78)
output gap 0.42 0.40 0.35

(3.36) (3.04) (1.93)
backward inf. 0.34 0.27 -0.03

(2.35) (1.68) (-0.69)
forward inf. 0.14 0.36

(0.78) (5.24)
R2

0.717 0.727 0.944
/1Sample from 1995:1 to 2000:4 
/2Expanded sample from 1980:2 to 2000:4 
/3 t statistics in parentheses
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The second equation presented in Goldfajn and Werlang (2000) is a non-linear equation. As
explained above, the pass-through is positively related to the output gap, the initial inflation
rate and the degree of openness  and with the real exchange rate misalignment from its
equilibrium.

)2()( 15141312110, WWWWWWWMWW
X23(K5(5HH +++++−+= −−−−−+ βπβββββπ

where 11019181761 −−−− ++++=
WWWW

23(K5(5 βπβββββ

Table 2 contains the results for the non-linear equation. The two first columns (4) and (5)
are for the shorter period, while for the last column (6) the sample starts in 1980. Columns
(5) and (6) contain a forward-looking term. In the non-linear Phillips curve, instrumental
variables were not considered. The coefficient for the initial inflation was not significant in
any specification and the coefficient for the real exchange rate gap was only significant for
the longer sample. Specifications (4) and (5) did present individual coefficients for the
pass-through significant at conventional levels. The constant terms inside the pass-through
(β6) in Table 2 (columns (4) and (5)) are very high compared to the ones reported in Table
1.  The output gap* )( 1−−

WW
HH is significant only in (4) and does not have the expected sign.

In specification (5) and (6) these coefficients move in the expected direction and are similar
in value. In the recession phase of the business cycle the pass-through is smaller and then
the sign should have been positive. The sign and the magnitude4 of the real exchange rate
gap in the shorter sample specifications are not in line with Goldfajn and Werlang (2000).
The intuition behind this is that because exchange was overvalued (meaning a negative
RER) in the fixed period (1995-1998), and the pass-through was also very high in this
period, explaining the negative sign.  Although being statistically different from zero at the
10% level in specification (4), the sign of the cross term 23( * )( 1−−

WW
HH  is not correct.

                                                
4 The value of the cross term RER*Ê  after 12 months in Goldfajn and Werlang (2000) is 0.67 and highly
significant.



10

Table 3 presents in-sample and out-of-sample performance tests for the six different
specifications. The first two columns are the out-of-sample sum of squared errors (SQE)
from 1998:1 to 2000:4. The first is the average of the one to four-steps ahead forecast
compared to the actual inflation outcome and the second is only the one-step ahead
forecast. For the average of 4 periods ahead the most robust results are by far the long-
sample-non-linear model but it also has the worst in-sample SQE result.  The short non-
linear models have confusing SQE results. The non-linear model without forward-looking
expectations has a very good one step ahead SQE result but the worst in the 4 periods ahead
SQE.  The in-sample test presents the same result but with much smaller errors, due to the
huge difference in the forecast of the first quarter of 1999, when the floatation occurred. As
an example, if we do not account for the devaluation outcome, using the data until 1998,
the forecast for all short-sample linear models are around 20% in comparison with an actual
inflation of 2.89% for the period.  The unique exception for the out-of-sample forecast is
again the long run linear model with a forward-looking term, and two of the non-linear
models but the results for third one diverge completely. However all models present good
results for the in sample forecast in this quarter.

7DEOH��  

�1RQ�/LQHDU�3KLOOLSV
Coefficients Short Sample /1 Short Sample Long Sample /2

without forward-looking  with forward-looking  with forward-looking  
(4) (5) (6)

Dependent variable inf inf d(inf)

constant -0.03  0.013
/3 (-1.29)  (1.03)
RER gap 0.00 0.03 0.24

(0.25) (1.99) (3.13)
output gap 0.28 0.24 0.48

(2.39) (3.12) (1.8)
backward inf. 0.49 0.24 0.05

(4.28) (1.50) (1.51)
forward inf. 0.96 0.07

(3.48) (1.52)
constant pass-through 0.24 0.12 0.55

(2.04) (1.85) (3.17)
RER*(e-et-1) -0.56 -0.12 -0.01

(-1.26) (-0.55) (-4.63)
output gap*(e-et-1) -0.01 0.01 0.02

(-1.99) (2.36) (2.92)
open*(e-et-1) 0.21  - 0.02

(1.93)  - (-1.5)
R2 0.860 0.820 0.954
/1 Sample from 1995:1 to 2001:1
/2Sample from 1980:2 to 2000:4 
/3 t statistics in parentheses
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Table 4 shows the evolution of the pass-through when the sample is expanded. Before
1999:1, the contemporaneous pass-through coefficient is higher than 50% for the short-
sample specifications.  This is the explanation for the enormous out-of sample forecast.
After the floating the pass-through reduces steadily for the first two columns. The same
break did not occur in the long sample model. When the pass-through is corrected for the
first difference in inflation it is steady around 8% in during all the period.

7DEOH��
3HUIRUPDQFH�RI�'LIIHUHQW�6SHFLILFDWLRQV
Models Sum of Squared Error Sum of Squared Error Sum of Squared Error Forecast Forecast 

out of sample out of sample in sample out-sample /1 in sample
1 to 4 periods ahead 1 period ahead 1999:1 1999:1

/LQHDU

Short Sample
without forward (1) 367.67 320.31 10.62 21.13 2.75
with forward (2) 343.67 251.45 9.68 20.56 2.70
Long
with forward (3) 42.45 51.31 73.37 1.16 2.37
1RQ�/LQHDU

Short  
without forward (4) 14066.69 9.48 12.42 2.84 2.54
with forward (5) 4776.48 7.73 10.85 2.83 2.80
Long
with forward (6) 18.37 21.57 91.34 2.76 2.86
/1 occured inflation in 1999:1 was 2.83%

7DEOH��  

3DVV�7KURXJK�$GMXVWPHQWV
Period Short Sample Short Sample Long Sample 

without forward-looking  with forward-looking with forward-looking 
(1) (2) (3)

1998-I 0.6505 0.6595 0.1109
II 0.6304 0.6202 0.1107
III 0.4924 0.4821 0.1111
IV 0.5615 0.5008 0.1101
1999-I 0.1143 0.1094 0.1096
II 0.1134 0.1091 0.1124
III 0.1164 0.1102 0.1114
IV 0.1156 0.1107 0.1068
2000-I 0.1050 0.1000 0.1060
II 0.1048 0.1018 0.1073
III 0.1048 0.1018 0.1038
IV 0.0969 0.0922 0.1056
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Table 5 presents the accumulated pass-through for the specifications (2) and (3).  Since the
estimations in this paper are based on quarterly data, the pass-through after 3 months is
almost the contemporaneous pass-through. It is corrected by the backward and forward-
looking inflation coefficients. When the long run neutrality of the nominal terms on the
Phillips curve is imposed, as is explained in the next section, estimates (2) have a greater
accumulated pass-through similar to  (3) and compatible with the estimations of Goldfajn
and Werlang (2000) for American countries.

In the simulation part of the paper, the chosen specifications were number (2) (the short
sample linear model with forward looking expectations), which is the most standard, but
with the long run rigidity in nominal variables as explained below and also number 5,
which has the coefficient for the cross term output gap and exchange rate difference with
the expected sign.

��±�$�VLPSOH�PRGHO�ZLWK�WUDGH�EDODQFH

In order to test for the role of the exchange rate as part of the monetary policy rule, we have
to present a complete small inflation-targeting model, which includes an equilibrium
condition for the external sector in order to define the exchange rate behavior.

The IS equation is very simple. The aggregate demand only depends on itself with a lag, on
the lagged real interest rate and on the real exchange rate.

WWWWWW
XDLDKDDK ++−++=+ θπ 131211101 )( (3)

Where K is the log of the output gap, θ� is the real exchange rate, L is the nominal interest
rate, π is consumer price inflation, and X is the demand disturbance.

The Phillips equation is compatible with any open economy Keynesian model with the
restriction of long-term nominal neutrality, which means a vertical Phillips equation in the
long run. The econometric estimations in the previous section have not included this
restriction in order to be comparable with Goldfajn and Werlang (2000). This restriction
implies that the coefficients associated with the nominal variables should sum up to 1.

WWWWWWW
KDHHDDDD επππ ++−+−−+= −−+− 12412212221121 )()1( (4)

7DEOH��
3DVV�7KURXJK�&RPSDULVRQ
Months Short Sample Long Sample Goldfajn&Werlang

with forward-looking  with forward-looking  Panel for Americas
(2) (4)

3 months 0.123 0.117 0.20
6 months 0.131 0.228 0.53
after 1 year 0.134 0.441 0.69
18 months 0.134 0.642 1.24
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Whereε  is the aggregate supply disturbance and (HW – HW-1) is the first difference of nominal
exchange rate.

Neither the coefficients for IS equation nor the Phillips curve are presented. Those are
estimated but they are not revealed because similar ones are used in the Central Bank
forecast presented in the Inflation Report.

The next equation is a Taylor Rule. However, following Ball (2000) and Mishkin (2000),
we add an exchange rate term to the standard rule. In his paper 3ROLF\�5XOHV�DQG�([WHUQDO
6KRFNV Ball reckons that policy rules used in closed economies do not fit well for countries
that are more sensitive to external shocks. In open economies, such rules should be
modified to include the exchange rate. Hence, he suggested a modification in the Taylor
rule so that the exchange rate is also included as an instrument in the left-hand side, which
is called the Monetary Condition Index (MCI).  He presents a very simplified model similar
in many ways with the model that is presented in this section.

Ball (2000) in page 12 obtained the following result that we will test for the Brazilian case:

³:KHQ�WKHUH�LV�D�VKRFN�WR�QHW�IRUHLJQ�LQYHVWPHQW��DQ�0&,�WDUJHW�NHHSV�RXWSXW
PRUH�VWDEOH�WKDQ�DQ�LQWHUHVW�UDWH�WDUJHW�´

The rationale is that when the interest rate is kept constant there is a major devaluation of
the exchange rate, which raises aggregate output. On the other hand, when the MCI is held
constant, there is a smaller devaluation associated with a rise in the interest rate, with
opposite effects on aggregate output that might be held constant.

Ball concludes that “VWDELOLW\�LV�DOVR�HQKDQFHG�E\�LQFOXGLQJ�WKH�H[FKDQJH�UDWH�LQ�SROLF\
UHDFWLRQ�IXQFWLRQ´�

In his recent paper�0LVKNLQ��������
 “DOVR�UHLQIRUFHV�WKH�LPSRUWDQFH�RI�WKH�H[FKDQJH�UDWH�LQ�LQIODWLRQ�WDUJHWLQJ�IRU
HPHUJLQJ�FRXQWULHV�

The author suggests:
³WKDW�HPHUJLQJ�PDUNHW�FRXQWULHV�FDQQRW�DIIRUG�WR�LJQRUH�WKH�H[FKDQJH�UDWH
ZKHQ�FRQGXFWLQJ�PRQHWDU\�SROLF\�XQGHU�LQIODWLRQ�WDUJHWLQJ��EXW�WKH�UROH�WKH\
DVFULEH�WR�LV�VKRXOG�EH�FOHDUO\�VXERUGLQDWHG�WR�WKH�LQIODWLRQ�REMHFWLYH��,W�DOVR
VXJJHVWV�WKDW�LQIODWLRQ�WDUJHWLQJ�LQ�SDUWLDOO\�GROODUL]HG�HFRQRPLHV�PD\�QRW�EH
YLDEOH�XQOHVV�WKHUH�DUH�VWULQJHQW�SUXGHQWLDO�UHJXODWLRQV�RQ��DQG�VWULFW
VXSHUYLVLRQ�RI��ILQDQFLDO�LQVWLWXWLRQV�WKDW�HQVXUH�WKDW�WKH�V\VWHP�LV�FDSDEOH�RI
ZLWKVWDQGLQJ�H[FKDQJH�UDWH�VKRFNV´�

If Central Banks are willing to respond strongly to defend the exchange rate, this might hurt
the credibility of the monetary policy as the public perceives that protecting the exchange
rate is more important than assuring price stability.
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The conclusion of the author is that

³2QH�SRVVLEOH�ZD\�WR�DYRLG�WKLV�SUREOHP�LV�IRU�LQIODWLRQ�WDUJHWLQJ�FHQWUDO�EDQNV
LQ�HPHUJLQJ�PDUNHW�FRXQWULHV�WR�DGRSW�D�WUDQVSDUHQW�SROLF\�RI�VPRRWKLQJ�VKRUW�
UXQ�H[FKDQJH�UDWH�IOXFWXDWLRQV�WKDW�KHOSV�PLWLJDWH�SRWHQWLDOO\�GHVWDELOL]LQJ
HIIHFWV�RI�DEUXSW�H[FKDQJH�UDWH�FKDQJHV�ZKLOH�PDNLQJ�LW�FOHDU�WR�WKH�SXEOLF�WKDW
WKH\�ZLOO�DOORZ�H[FKDQJH�UDWHV�WR�UHDFK�WKHLU�PDUNHW�GHWHUPLQHG�OHYHO�RYHU
ORQJHU�KRUL]RQV�´

Hence, there are two instruments in order to reduce inflation rate and the output gap.  We
are considering that an appreciation will reduce inflation and the output gap, so the second
term of the left-hand side of the equation is negative. We are also considering in the rule the
first difference of the nominal exchange rate instead of its level. Therefore, the augmented
Taylor rule is:

133132
*

13130 )()1( 1 −−− ++−+=−− − WWWWW
LDKDDDHL

W
ππωω (5)

When ω is set equal to one, it is again a standard Taylor rule.

The determination of exchange rate is based on the UIP with fundamentals, in line with
Muinhos, Freitas and Araujo (2000), as stated in equation (6). In order to estimate the
exchange rate path, however, it is necessary to anchor the exchange rate at some point in
the future. An alternative to achieve this result is to assume that at period W+. the nominal
exchange rate will be consistent with a constant current account/GDP ratio. For each period
between W and W+., the nominal exchange rate will move according to the interest rate
differential corrected by the risk premium, as predicted by the UIP hypothesis. Therefore,
the following 2 equations determine the exchange rate path:
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.W

I

.W.W.WW SSH( ++++ +−= θ  (7)

where θ  is the expected real exchange rate compatible with a constant current
account/GDP ratio in the medium run, and [W is an exogenous risk premium that follows an
AR(1) process.

The equilibrium equation is:

E\%&%6 =+ /)(

where %6 is the balance of services surplus in real terms,  %& is the trade balance surplus in
real terms y is the real GDP and b is a arbitrary current account/GDP equilibrium ratio, that
represents a net capital flow consistent with an equilibrium scenario for the capital account.
This ratio b is a source of external shock, representing different international finance
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liquidity conditions as presented in the simulations.   %6 is an exogenous variable and %& is
determined by:

∑
=

=
2

1

),(
M

MMM
3\4%& θα                                                                                       (9)5

Where 3M is the price index vector for exported and imported goods. Qj is the quantitative
index for exported and imported goods, which depends on the output gap and the real
exchange rate, αs are the weights to transform the indexes in US$ terms.

All the estimates are done using quarterly data with the sample period initiating in 1980.
We will report here only the coefficients for the trade balance.

The quantitative index for exports is estimated in level, because we could reject the unit
root for the series. The estimated equation for exports including the t-statistics in
parentheses is:
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−
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−
−++++−= θ (10)

Where *
W
\  is the world GDP measure as the log of the world’s import quantitative index.

The sample for the above equation comprises the 1991 to 2000 period. We used
instrumental variables to avoid correlation between the contemporaneous regressors and the
residual. All other information is in the Annex.

When a unit root test is conducted in the import qualitative quantum index, the null of unit
root cannot be rejected. However it is clear that a structural break happened in the early
1990’s. If a dummy variable is inserted in the unit root test, one can reject the unit root
hypothesis. Hence the estimated equation for imports is:

199322.0.30.016.023.078.034.0
85.2)48.3()81,2()13,2(

1
)72,13()56,0(

GG&UX]DGRPPLHVVHDVRQDOGX\LPSLPS
WWWW

+++−++=
−− θ (11)

where d1993 is a dummy that is zero until 1993:3, 0.5 from then to 1994:3 and one
afterwards.

��±�6LPXODWLRQ�UHVXOWV

For the simulation, the two specifications of the Phillips curve were used: number (2) and
number (5). Both are with a forward-looking term for inflation and with the shorter sample.

                                                
5 where ]...[ 21 1

YYYY HHHH =  with ]...[ 21 1
YYYY =
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For the Phillips equation (2), two types of shocks were tested. The first is to the current
account. Three scenarios were considered. The basic one supposes that at the end of 2002
the current account deficit/GDP ratio (net capital flow) will reach 4%. The most favorable
scenario assumes an improvement in external financial conditions, enabling the financing
of a 5% of GDP deficit on the same date. The worst scenario anticipates a tightening in the
international environment, with only a current account deficit of 3% of GDP being
sustainable.

The second type is a supply shock, represented by a 1% increase in the inflation rate not
caused by demand or exchange rate conditions. This shock could be triggered, for instance,
by an increase in the government-managed prices such as energy or gas.

Figure 1 shows the three scenarios for net capital flow. When there is a tightening in the
financial markets, the exchange rate has to be devalued to assure a correction in the trade
balance to offset the capital shock. This movement increases inflation and so the interest
rate reacts to correct the deviation of inflation from the target.

Figure 2 presents the two Taylor rule alternatives when the economy is subject to an
external constraint (net capital flow bellow 3% of GDP). In the first alternative no weight is
given to the exchange rate. In the second alternative, the parameter ω is 0.85, meaning that
the exchange rate is also used as a monetary policy instrument (the so called Monetary
Index Condition (MCI)).  The benchmark is a scenario with no external shocks nor any
value for the exchange rate in the Taylor Rule. After the shock, the exchange rate and the
inflation rate increase less than when the exchange rate is taken into account as a monetary
instrument. But the sharp increase in the interest rate results in larger output volatility. The
trade balance does not present major differences in comparison to the benchmark; if the
exchange rate is less depreciated, a smaller output gap offsets in part the exchange rate
behavior.  The intuition from Ball (2000) does not work in the case of Brazil, because the
coefficient for exchange rate in the IS curve is very small. So the exchange rate’s
devaluation impact on GDP does not offset the impact of the higher interest rate.

Figure 3 shows the short sample Phillips curve hit by a supply shock in the third quarter of
2001 and no shocks in the external front. One can see the nominal interest rate reacting to
the increase in inflation. For the longer sample the reaction is the same.  When the
augmented Taylor Rule is considered, the output gap suffers more due to the hike in the
interest rate compared to the case of the absence of exchange rate in the Taylor rule.  This
result is robust for other exchange rate forecast rules. This result is robust even when one
uses a first difference UIP to forecast the exchange rate6. Also in this case output gap
suffers more with the MCI.

                                                
6 See Bogdanski ei alli (2000) to an explanation of the D(UIP).
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Figure 4 compares the two specifications of the Phillips equation. For the same external
equilibrium (a net capital flow of 4% GDP), the non linear Phillips curve brings about
higher inflation, exchange rate and interest rate and a smaller output gap result. This results
if due to the positive coefficient of the cross term output gap and exchange rate first
difference, brings higher inflation pass-through in  the expansionary phase of the business
cycle.

Figure 5 shows how the standard Taylor Rule and the MCI index works for the non-linear
Phillips curve under an external shock. The behavior shows the same pattern as in the linear
version (Figure2), with a sharper increase in the interest rate and a smoother exchange rate
with the MCI rule but with a greater sacrifice ratio.

One can conclude that when the model is hit by a external shock, a pure Taylor rule will
allow a major depreciation and according to Ball, it would increase output, but our model
presented more stable output. When a MCI is considered the nominal exchange rate did not
depreciate as much but the model suggested a decrease in output in opposite to Ball’s
suggestion of a more stable output.

��±�)LQDO�UHPDUNV

Even considering that exchange rate devaluations in emerging economies may cause high
pass-through, financial instability and sluggish output recoveries, these stylized facts have
not been observed in Brazil recently, at least as the high pass-through. These results
presented for Brazil show a smaller pass-through than found by Goldfajn and Werlang
(2000) for other American countries.

The non-linear Phillips curve with no forward-looking term does not fit well for the
Brazilian data, but the other two with the forward term present consistent results for the two
different sample periods. The linear models bring about a major break in the 1999 floating
episode what would suggest caution by using those for forecasting purpose.

In addition to the fact that some degree of exchange rate devaluation may be well absorbed
in the Brazilian economy due to the low pass-through, the introduction of the exchange rate
as a monetary policy instrument does not produce lower volatility results in response to
external or supply shocks, regardless of using the linear or non-linear specification of the
Phillips curve.

In the fixed exchange rate regime the entire burden of the shock adjustment is borne by the
interest rate. Increasing the volatility of the exchange rate in order to decrease the volatility
of the interest rate may be better for the economy.

Why not allow the exchange rate volatility?
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- fear of inflation – the results in this paper showed us that Brazilian pass-through
has been very low;

- fear of floating – the recent experience proved to us that the balance sheet
effects were not so large that they could be safety absorbed in 1999;

- fear of output volatility – the effect of real exchange rate on IS curve was also
very small.

The simulations results show that it is better to use a Taylor rule allowing the exchange rate
to float using the interest rate only to control inflation.
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Figure 1
Three Scenarios for Net Capital Flow (Linear)
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Figure 2
Taylor Rule, MCI  and External Shock (Linear)
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Figure 3
Taylor Rule, MCI and Supply Shock (Linear)
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Figure 4
Linear and Non Linear Phillips Equation
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Figure 5
Taylor Rule, MCI  and External Shock (Non linear)
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