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Abstract 

 
The Working Papers should not be reported as representing the views of the Banco Central do 

Brasil. The views expressed in the papers are those of the author(s) and do not necessarily reflect 

those of the Banco Central do Brasil. 

 

We empirically test the effects of anticipated and unanticipated monetary policy 

shocks on the growth rate of real industrial production and explicitly test for 

different types of asymmetries in monetary policy implementation for two major 

international economies, the U.S. and Brazil. We depart from the conventional 

method of VAR analysis to estimate unanticipated monetary shocks and instead we 

use a combination of other methods. We first identify the Taylor rule that best 

describes the reaction of both central banks and then we test both forward looking 

linear and nonlinear models concluding that a Logistic Smooth Transition 

Autoregressive (LSTAR) forward looking model of the Taylor rule best describes 

the US FED Funds rate while a linear Taylor rule with the inclusion of a dummy 

variable best describes the reaction of the Central Bank of Brazil (BCB). We then 

use in-sample forecast errors in order to derive or identify the unexpected monetary 

shocks for both countries. In line with Cover (1992), we use these shocks to 

explore any asymmetries in the conduct of monetary policy on the growth rate of 

real industrial production. We also find asymmetries between anticipated and 

unanticipated monetary shocks as well as between effects of positive and negative 

shocks. 

Keywords: Taylor rule, monetary policy, nonlinear effects, LSTAR 

JEL code: E4, E52, E58 

 

 

 

                                                 
1
 Corresponding author, Department of Economics, Democritus University of Thrace, Komotini, P.C. 

69100, Greece, phone: +306946905951, email: gpragkid@ierd.duth.gr. 
2
 Department of Economics, Democritus University of Thrace, Komotini, P.C. 69100, Greece, phone: 

+306947001079, email: pgkogkas@ierd.duth.gr 
3
 Central Bank of Brazil.  

3



 

1. Introduction 

Numerous studies have dealt with the issue of the impact of monetary policy on 

real economic activity and this impact has been well established theoretically. 

Keynesian economics claim that an expansionary monetary policy i.e. a decrease in the 

short-term interest rate can affect long term rates, leading to increased investment and, 

ultimately, output. The channels for this outcome are the reduction of the cost of capital 

and liquidity increment. On the other hand, the seminal paper by Lucas (1972) proposes 

the neutrality of anticipated monetary policy, that is, only unanticipated changes in 

monetary policy can affect real production. Many researchers traced down empirically 

the effects of monetary policy innovations on the real economy (Bernake and Blinder 

1992; Bernake and Boivin 2003; Bernake et al 2005; Uhlig 2005; Forni and Gambetti 

2010). The majority of these studies confirm what Keynesian theory postulates. A 

contractionary monetary policy innovations lead to a decrease in real output. 

In the Keynesian literature, there is no discussion on asymmetries in 

implementating monetary policy. Nonetheless, asymmetries may arise from: a)  the 

phase of the business cycle; b) the type of monetary policy (contractionary versus 

expansionary); c) the relative size of the impact of the monetary intervention on the real 

economy; and d) whether monetary shocks are anticipated or not (Ravn and Sola 2006). 

In this paper we focus our empirical analysis in searching for differences in the effects 

from anticipated and unanticipated monetary shocks, as well as for possible asymmetric 

effects from positive versus negative unanticipated monetary policy shocks. 

Under the assumption of sticky nominal wages (traditional Keynesian 

asymmetry), negative monetary shocks have greater real impact than positive monetary 

shocks. According to Ravn et al (1999), sticky nominal wages will render the aggregate 

supply curve convex. In the extreme case, the aggregate supply curve is vertical at the 

point where the nominal wage is in equilibrium. A positive monetary shock will 

increase aggregate demand along the vertical segment of the aggregate supply curve 

leaving real economy unchanged, at least in the short run. However, a negative 

monetary shock will depress the real economy as it moves the demand curve along the 

positively sloped segment of the supply curve.  

The New Keynesian literature has attempted to provide more robust micro 

foundations to deal with this asymmetry (Ball and Romer (1990) and Ball and Mankiw 

(1994)). In an environment in which firms can costlessly set prices every two periods, 
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but are subject to menu costs if they change prices between periods, negative monetary 

shocks affect real economy in the presence of inflation. The intuition behind this is that 

a decrease in aggregate demand caused by a contractionary monetary policy will not 

induce firms to change prices and take over the menu costs, as the relative price will 

decrease, partially offsetting in a degree the decrease of demand, due to inflationary 

pressures. On the other hand, positive monetary shocks will lead firms to adjust prices, 

and eventually take over the menu costs, because of the existence of inflation. This 

movement will not change the relative prices leading the positive monetary shock to 

neutrality. In models with menu costs (Blanchard and Kiyotaki (1987)), it may be 

optimal for firms to take over the associated menu costs in the event of large monetary 

policy shocks. Barro (1977) decomposes the monetary shocks into foreseen and 

unforeseen and, in a framework with rational expectations, concludes that only 

unexpected money growth can have real impact. 

Regarding the Taylor rule used for extracting the unanticipated shocks, Taylor 

(1993) shows that there is a linear relationship between FED’s interest rate, current 

inflation rate and output gap. He concludes that this is the rule the FED is following in 

order to set its interest rate. Clarida et al. (2000) suggests using a forward looking 

Taylor rule. The FED takes into account the expected inflation rate and output gap in 

order to set current interest rate. A further extension of the Taylor rule is to test whether 

a nonlinear Taylor rule best describes the decisions of the FED (Castro (2011)). The 

central bank may assign different weights to positive and negative inflation rate and to 

output gaps. Moreover, it probably will react differently if the inflation moves far away 

above its target than when it moves close to it.    

In what follows, we try to find if there are asymmetries between unanticipated 

expansionary and unanticipated contractionary monetary policy in the U.S and Brazil 

with data spanning the period from 1980 to 2012. In doing so, we depart from 

conventional methods used so far in the literature. More specifically, we test whether 

the FED’s and Central Bank of Brazil’s (BCB) decisions are best described by a 

nonlinear Taylor rule. If this is true we then test whether it is better to use a Logistic 

Smooth Transition Autoregressive (LSTAR) or an Exponentially Smooth Transition 

Autoregressive (ESTAR) model, using the derived deviations from the in-sample 

forecasts to capture unanticipated positive and negative monetary shocks. We then run a 

regression with lags of these deviations as regressors and the industrial production index 

as the dependent variable. The results are rather interesting as they show statistically 

5



significant impact of both shocks as well as a larger impact of positive monetary shocks 

with respect to negative monetary shocks for the U.S. In the case of Brazil we confirm 

the conventional wisdom that positive monetary shocks (monetary contraction) have 

greater impact than negative monetary shocks (monetary expansions). To the best of our 

knowledge this is the first time that a Taylor’s rule is used in order to extract the 

monetary shocks using nonlinear models. Furthermore, by using a Taylor’s rule in order 

to identify the unexpected monetary shocks we avoid many simplistic assumptions 

(Choleski’s orthogonalization) that we would have to impose in order to identify 

monetary shocks using a VAR analysis.  

The rest of the paper is organized as follows: section 2 presents a brief literature 

of the asymmetric impact of monetary policy and on the Taylor rule. In section 3 data 

used are presented, section 4 analyses the model, section 5 presents the empirical results 

and section 6 concludes. 

 

2. Literature Review 

 The empirical literature emphasizes on all types of asymmetries using a variety 

of models such as simultaneous equations, VAR and LSTVAR models and Markov 

switching models. Some empirical evidence supports the theoretical arguments raised 

above according to Keynessian, New Keynessian and Classical theory. Cover (1992), 

using quarterly data from the U.S. in a simultaneous equations framework, estimates a 

money supply process and an output equation. The results confirm the traditional 

Keynesian theory, that positive monetary shocks (an unexpected increase in interest 

rates) have greater impact on output than negative shocks (an unexpected decrease in 

interest rates). In the same vein, Delong and Summers (1988), using annual U.S. data, 

find that unanticipated negative monetary shocks have a larger impact than 

unanticipated positive shocks. Accordingly, Ravn and Sola (1999) find that in the U.S 

economy only small negative shocks have real effects. Thus, they conclude, there is 

evidence in favor of the asymmetry implied by menu costs models in environments with 

positive steady state inflation. The same results are obtained by Rhee and Rich (1995) 

and Karras and Stokes (1999) for European countries, implementing the method 

regarding asymmetry first introduced by Cover (1992).  

Parker and Rothman (2004) using the interest rate as the basic variable and using 

data for the U.S. find no evidence in favor of monetary shock asymmetry in the pre-

WW I subsample. For the interwar period they get results similar to Cover’s (1992). 
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The no asymmetry findings are in line, according to the authors, with Ball and Mankiw 

(1994), because under a credible gold standard, agents do not expect persistent inflation. 

Belongia (1996) instead of the simple sum monetary aggregates uses a Divisia (Barnett 

(1980)) monetary aggregate. His study reveals that monetary neutrality may arise due to 

measurement errors of the traditional simple-sum monetary aggregates. 

In all the above mentioned studies there is no use of the Taylor’s rule in order to 

extract unanticipated monetary shocks, although there are many empirical studies 

asserting the statistically significance of various versions of the Taylor rule in reflecting 

the decisions of many central banks around the globe. Lately, nonlinear models of 

Taylor rule are attracting the interest. However, there are not many studies dealing with 

nonlinearities regarding Taylor rule. Petersen (2007) uses a logistic smooth transition 

regression model over the period 1985-2005 for the U.S. and finds evidence in support 

of nonlinearities. The FED reacts acutely when inflation reaches a specific threshold. 

Petersen (2007), however, does not use a forward looking Taylor rule. 

On the other hand, Castro (2011) applies a smooth transition regression model 

over the period 1982-2007 for the U.S. and takes into account a forward looking Taylor 

rule, but he finds no evidence of non linearities in the behavior of the Federal Reserve 

Bank.  

In the case of the Brazilian economy there are many studies which try to 

empirically estimate the relevant Taylor’s rule. Some of these are Minella et al. (2002), 

Favero and Giavazzi (2002), Modenesi (2011) and Modenesi et al. (2013). Most of 

these studies find that the response of the BCB to inflation gap is more than one, 

reflecting a stabilizing monetary policy with respect to inflation targeting. On the other 

hand, there are no strong evidence of a reaction of the BCB with respect to the output 

gap. Nonetheless, all of the above studies, except of Modenesi et al. (2013), use a small 

number of observations, ranging from 28 to 71, whereas Modenesi et al. (2013) use 132 

observations as we do in this paper. Our results, as it will be clear further on contradict 

those findings as we find a statistically significant response of the BCB with respect to 

the output gap. However, in our model, the reaction of the BCB to inflation gaps is not 

statistically significant. In relation to those studies, we differ because we use a more 

updated dataset (up to the end of 2012), and we test for a number of different 

specifications of Taylor rule, including a nonlinear functional form. 

Finally, to the best of our knowledge there are not many studies considering 

asymmetric effects of the monetary policy for Brazil. The study of Aragon and Portugal 
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(2009), is an example of asymmetric analysis. Using a Markov switching model they 

find that the real effects of negative monetary shocks are larger than those of positive 

shocks in an expansion. Their results contradict conventional theory that positive 

monetary shocks (monetary contraction) have larger impact than negative monetary 

shocks (monetary expansion). 

 

3. The Data 

We use monthly frequency data over the period 1981:1-2011:4, for the U.S, and 

from 2001:10 to 2012:12, for Brazil. The variables used for the U.S are: the effective 

Federal Reserve funds interest rate (monthly average), the annualized core inflation rate 

of the consumer price index (CPI, base year 1982=100), the annualized growth of the 

industrial production index, and the output gap computed as the percentage deviation of 

the log industrial production index from its Hodrick-Prescott trend. U.S data were 

retrieved from FRED, the economics database of the Federal Reserve Bank of St. Louis. 

For robustness checks we also use the NBER’s recession indicators for the U.S. The 

variables for Brazil are the Selic nominal interest rate (which is the Brazilian basic 

interest rate), the core inflation rate, the annual change of the industrial production 

index, the real interest rate which is computed from the Selic subtracted by the core 

inflation. Finally, we use the output gap computed as the percentage deviation of the log 

industrial production index from its Hodrick-Prescott trend. Brazilian data were 

retrieved from the Brazilian central bank
4
. 

In order to avoid spurious regression, we employ three different unit root tests: 

a) an augmented Dickey-Fuller test, b) a KPSS test where the null hypothesis is 

stationarity and finally c) an Elliott-Rothenberg-Stock test. In Table 1 we present the 

results of these unit root tests for U.S data and we conclude that the inflation rate and 

the annual change of the industrial production index are stationary, while the effective 

federal reserve funds interest rate is non-stationary. The ADF test is not conclusive for 

stationarity of the interest rate. Thus we proceeded based on the other two tests. By 

definition the output gap is stationary. For the rest of the empirical section we use the 

first differences of the interest rate unless otherwise stated. In the case of the Brazilian 

data
5
, the core inflation, the real interest rate and the annual change of the industrial 

production index as well as the output gap are stationary, while the nominal interest rate 

                                                 
4
  The data can be retrieved at http://www.bcb.gov.br/?serietemp. 
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(Selic) is non-stationary, thus we use first differences. In Tables 2a and 2b, we present 

the descriptive statistics of the series. 

 

4. Empirical Model  

4.1 Taylor’s Rule 

As it was previously mentioned, we first test for nonlinearity of the Taylor rule. 

For that, we start by estimating a linear version of the Taylor rule for both the U.S. and 

Brazil. The resulting disturbance errors are used to test the null of linearity. Following 

Castro (2011), we first estimate a forward-looking and a backward-looking linear 

Taylor rule for both countries. For each country we select the model that has the best fit 

in terms of minimizing the Akaike information criterion. The forward-looking linear 

model that also has been estimated by Orphanides (2004), Castro (2010) and Qin and 

Enders (2007) is of the form: 

 

                     (1) 

 

where , is the interest rate,  is the future core inflation rate and  is the future 

output gap. The error, , is assumed to reflect other factors that affect the interest rate 

in both countries during the month and is assumed to be identically and independently 

distributed following a white noise process, . Parameters  

measure the degree of partial adjustment of the interest rate. The parameters β and δ 

reflect the responsiveness of the monetary policy to the interest rate and output gap 

respectively.  

The classical backwards Taylor rule model is of the form: 

 

              (2) 

 

where , is the interest rate,  is the core inflation rate in the past  and  is the 

output gap in the past. The error, , is assumed to reflect other factors that affect the 

interest rate in both countries during the month and is assumed to be identically and 

independently distributed following a white noise process, . The is 

                                                                                                                                               
5
 Unit root test results for the Brazilian data are available upon request. 
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the degree of partial adjustment of the interest rate, . The coefficients β 

and δ reflect the responsiveness of policy to interest rate and output gap respectively. 

Next, using Terasverta’s (1998) methodology, described in the next section, we test the 

null hypothesis of linearity against the alternative of nonlinearity. If we reject the null 

hypothesis, we proceed by estimating a nonlinear Taylor rule of a Smooth Transition 

Model (STAR) form: 

 

                              (3) 

 

where  is the vector of explanatory variables, α’ and β’ are the parameter vectors,  is 

the error term which is identically and independently distributed following a white noise 

process,   and  is a transition function that can take a logistic or 

an exponential form as follows: 

 

                             (4) 

 

and 

 

 

 

where γ is the smoothness parameter. Equation (4) is the logistic (LSTAR) and (5) is the 

exponential (ESTAR) transition function. In the logistic transition function, as γ tends to 

zero or to infinity, the LSTAR model becomes a linear function since the value of 

 reduces to a scalar. The same holds for the ESTAR model as γ tends to 

infinity. The parameter c determines where the transition takes place and the transition 

variable  determines the level at which the model changes behavior. In our model, 

several lags of the inflation rate and output gap are alternatively tested as transition 

variables. 

The  is a monotonic function which takes values between zero and one. 

As the transition variable drifts away from the parameter c, Θ converges to one and the 

estimated parameters of the independent variables take the value of α plus β
6
. The slope 

of this adjustment is being determined by the γ parameter. For large values of γ the 

                                                 
6
  α and β are elements of vectors α’ and β’ respectively. 
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adjustment is sharp. All the values of the  are simultaneously estimated by the 

model along with the other parameters. 

 

4.2 Unanticipated Monetary Shocks 

Following Cover (1992), we extract the residuals from the best fitted model and 

we decompose them in two series according to their sign: a positive and a negative 

shock time series. These residual series are the difference between the actual FED’s 

interest rate and the one expected by the model and thus they represent the unanticipated 

monetary policy shocks. The series of the negative monetary shocks equals the 

monetary policy shock if the latter is negative otherwise it is equal to zero. This means 

that the expected interest rate is higher than the one actually implemented by the FED.  

Thus, the actual monetary policy is less contractionary than expected and we can 

interpret this as a positive monetary shock. The series of the positive sign monetary 

shocks equals the monetary policy shock if this is positive and otherwise it is equal to 

zero and being interpreted as an actual FED’s interest rate higher than the one expected 

thus interpreted as a negative monetary policy shock. By this discrimination we test for 

the presence of possible asymmetries between positive and negative monetary shocks. 

Formally: 

 

                                                                       (6) 

 

where  is the monetary policy shock extracted as described above and  and 

 are the series of the negative and positive monetary policy shocks respectively.  

 

5. Empirical Results  

The results from the estimation of the linear Taylor rule for the U.S. and Brazil 

are presented in Tables 3a and 3b respectively. In these Tables we present the four best 

estimated models for each country. For comparison we estimated a number of models 

for both countries, all of which contained alternative lags and leads. In the case of U.S, 

the best fit model is a forward looking Taylor’s rule with 3 leads (model 1). All reported 

results for the U.S. indicate that during the examined period, the estimated response to 

the output gap, , is statistically significant in all four models having also the expected 

sign. In a positive output gap the FED reacts by increasing the interest rate trying to 

defuse inflationary pressure and stabilize the economy. The estimated response to 
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inflation , is only statistically significant in the three month forecasting window. Also, 

the estimated sign contradicts the expected one by the Taylor rule indicating that an 

increase of the inflation leads to a decrease of the federal funds rate. Both estimates are 

below unity meaning that the FED is not performing a stabilizing policy.  

In the case of Brazil, the best fit model is a backward looking Taylor’s rule with 

2 lags. As it is seen in Table 3b, the estimated model with the lowest AIC and Schwartz 

criteria value is model 2 which includes the second lag of both the core inflation and of 

the output gap. The estimated response of inflation is not statistically significant 

whereas the response of output is statistically significant and well beyond unity. These 

results reflect the sensitivity of the Brazilian Central bank to a stabilization policy in the 

case where industrial production is below its trend. In models 3 and 4 of Table 3b, we 

used a dummy variable for the period from 2008:10 to 2010:03 because as it is evident 

from Figure 1 the output gap exhibits a large drop during this period. This is also 

confirmed by the results
7
 of a Chow test that we run for this period. As model 2 has the 

lowest AIC and Schwarz value we neglect the rest of the models.  

The next step is to test for the possible presence of nonlinearities. If we find 

evidence in support of nonlinearities then we can also estimate the nonlinear Taylor rule 

in a maximum likelihood framework. First, we test whether a nonlinear model best 

describes the FED’s decisions. This means that we have to test the null hypothesis 

,  the linearity assumption against the alternative  (γ > 0 in the case 

of an ESTAR model) of nonlinearity for Equation 2. A Lagrange Multiplier test (LM) is 

not appropriate for this since under the null hypothesis β = 0, β  is unidentified. For this 

reason we follow Terasverta (1998) who uses a third order Taylor’s expansion around 

the null hypothesis to approximate the transition function. The estimated auxiliary 

regression is of the form: 

 

                                                (7) 

 

where is the disturbance term from the linear Equation (1) above. As the minimized 

value of the AIC is used to select the best fit model for the U.S. economy the residuals 

from Model 1 in Table 3a below are used and for the Brazilian economy the residuals 

from Model 2 in Table 3b below in order to test the null hypothesis of linearity. 

                                                 
7
 The results of the Chow test are available upon request 
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The null hypothesis of linearity becomes, , against 

the alternative H1 that at least one δ is different from zero. The resulting distribution is a 

 and if the calculated value of  (or the value of the F-test) exceeds the critical 

value we reject the null hypothesis of linearity in favor of the alternative of nonlinearity. 

The F-tests results are presented in Tables 4a and 4b below for the U.S. and the 

Brazilian economy respectively. The results indicate rejection of the null hypothesis of 

linearity in favor of the alternative one for the case of the U.S. but we are unable to 

reject of the null hypothesis of linearity for the Brazilian economy (we use an 1% level 

of significance). As a linear Taylor’s rule model best describes the Brazilian economy 

we stick to model 2 of Table 3b which is a backward looking Taylor rule model.  

We then run 288
8
 different models in order to estimate the nonlinear Taylor’s 

rule for the U.S. and based on the minimized AIC criterion we select the best three in 

terms of fit and we present them in Table 5a. For the U.S. economy the three models 

are: Model 1, with 4 lags for both independent variables -inflation and output gap-, 

Model 2, with five and two lags respectively and Model 3 with eleven and four lags 

respectively. The errors used next in this paper are extracted from Model 1 of Table 5 as 

this has the lowest AIC. In all these three models the nonlinear part of the equation is 

statistically significant.  The results indicate that there is a reaction of the FED when 

there is a deviation from the inflation target which is approximately 4.3 (πt) in the first 

two models and approximately 5 (πt) in the last one. The estimated parameters of 

inflation and output gap are above unity, in absolute values, indicating a stabilizing 

policy from the FED.  However, the inflation coefficient is negative which contradicts 

the sign expected by the Taylor rule.  

In the linear part of the model, which applies to periods when the inflation is 

close to the FED’s implicit target, the reaction of the FED with respect to these 

variables is moderate and in many cases statistically insignificant. In order to get a 

better understanding about the estimation of the theta parameter, in Figure 1, it is 

presented the estimated theta parameter against the dummy variable of the U.S. business 

cycle provided by the NBER. A value of 1 represents a contractionary period, while a 

value of 0 is an expansionary period. As it can be easily seen the nonlinear Model 1 

                                                 
8
 The number of models corresponds to all different combinations of leads of inflation and output gap 

during a year in monthly basis (12*12) as well as the number of lags of the dependent variable (1 and 2). 
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(from Table 5a) can accommodate the responses of the FED in all contractionary 

periods except for the recession in the start of 2000 (bubble crisis). 

The final step is to estimate the impact of the unexpected monetary policy 

shocks and to test for the presence of possible asymmetries stemming from the sign of 

the shock (that is positive versus negative shocks). Furthermore, we also test for any 

differences in impacts between unexpected monetary shocks and real interest rates on 

the real economy for both countries.  

In doing so, we follow Cover (1992) and we run a simple OLS regression for 

both countries with the annual change of industrial production index as the dependent 

variable and as explanatory variables we use the lags of the unanticipated shocks and 

also lagged values of the interest rate as well as the annual change of inflation. As it was 

explained previously, we interpret the residuals from the selected Taylor rule for each 

country (Tables 5a and 3b for the U.S. and Brazil respectively) of the nonlinear Taylor 

rule as the unanticipated monetary policy shocks and we decompose these shocks in 

positive and negative ones according to Equation (6). Next, we try to estimate any 

possible contemporaneous and lagged effects from the unanticipated positive and 

negative monetary policy shocks on the industrial production index. The results are 

presented in Tables 6a and 6b for the U.S. and Brazil respectively.  

In the first two Models of Table 6a, we test the impact of unexpected positive 

and negative monetary policy shocks taking into account only contemporaneous effects 

(Model 1) and both contemporaneous and lagged effects (Model 2). In Model 2, where 

the lagged effects are included, both positive in sign and negative in sign monetary 

shocks are highly statistically significant, both are above unity and have the expected 

negative sign. The interpretation of the signs of the coefficients is that, for example, if 

expected interest rate is lower than the actual interest rate (negative monetary policy 

shock) then we expect a negative effect on the industrial production index and vice 

versa. We do not detect any asymmetries stemming from the sign of the shocks since 

when we test these coefficients for equality all the relevant Wald test statistics are 

insignificant. On the other hand, in Model 1, in which no lagged effects were taken into 

account, both positive and negative monetary shocks are statistically insignificant. 

Finally, it is evident from all models and especially from the last two Models, 3 and 4 

that only unanticipated monetary policy shocks have statistically significant effects on 

the industrial production index. This result confirms what would be expected by Neo-

Classical theory.  
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As it is clear from Model 1 of Table 6b only the unanticipated positive monetary 

shock has a large negative impact on the year change of the industrial production index 

of Brazil while the unanticipated negative monetary shock and the real interest rate do 

not have any statistically significant impact.  In all the regressions we run, the negative 

monetary shock didn’t have any statistically significant impact. These results are in line 

with the theoretical concept of a convex aggregate supply, in which theoretical models, 

only positive unexpected shocks (contractionary monetary policy) have a large impact 

on the real economy. On the other hand, negative monetary shocks (expansionary 

monetary policy) have a smaller impact than positive shocks or no impact at all. We 

also found a statistically significant difference between the impact of an unanticipated 

monetary shock and the real interest rate. Results confirm the theoretical predictions of 

Classical economists that only unanticipated shocks in monetary policy can have an 

impact on the real economy and not the anticipated monetary policy. In Model 2 of 

Table 6b, the coefficient of the lagged unanticipated shocks is  larger than the 

coefficient of the real interest rate. 

 

Conclusions 

In this paper we tried to identify any asymmetric impact of unanticipated 

monetary policy shocks on the real economy, as the latter is being described by the 

industrial production index. In doing so, we tested for the true Taylor’s rule model for 

each economy under question and we used a nonlinear forward looking Taylor’s rule in 

order to forecast the movements of the FED for U.S and a backward looking linear 

Taylor’s rule for Brazil.  Any deviation from these forecasts is assumed to be an 

unanticipated monetary policy shock. To the best of our knowledge this is the first time 

that a non linear Taylor’s rule is used in order to identify the monetary shocks. Next, 

using a well-documented methodology (Cover 1992) we find a significant impact of 

these shocks on the real economy.  In the case of U.S, only unanticipated monetary 

shocks appear to have statistically significant impact on the real economy confirming 

the expected results of the rational expectations theory. On the other hand, in the case of 

Brazil, we detected a significant impact of a positive monetary shock. Furthermore, the 

anticipated monetary policy has a much less significant impact than the impact of an 

unanticipated shock which is in line with the theory of rational expectations that only 

unanticipated monetary shocks can affect the real economy.  
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Table 1. Unit Root Tests 

A. ADF Test B. KPSS Test C. Elliott et al. Test 

Variable Level   1st Diff.   Level   1st Diff.   Level   1st Diff.   Decision 

Null Hypothesis: I(1) Null Hypothesis: I(0) Null Hypothesis: I(1) 

Probability margin LM-Stat Test statistic 

π 0.000 ***           I(0) 

i 0.042 ** 0.000 *** 1.76 *** 0.180  69.66  1.61 *** I(1) 

              

The tests are done with an intercept. 

*, ** or ***, denote a rejection of the null hypothesis at the 10%, 5% or 1% level. 

The 10%, 5% and 1% critical values for the KPSS tests are 0.347, 0.463 and 0.739 respectively. 

The 10%, 5% and 1% critical values for the Elliot-Rothenberg-Stock tests are 4.45, 3.24 and 1.97 respectively. 
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Table 2a. Descriptive Statistics for U.S 

 Inflation Fed Rate Output Gap 

 Mean  2.26  5.31 -0.03 

 Median  2.06  5.26  0.01 

 Maximum  9.68 19.10  4.58 

 Minimum -0.59  0.07 -7.09 

 Std. Dev.  1.59  3.51  1.57 

 Skewness  1.40  0.85 -0.74 

 Kurtosis  6.49  4.55  7.26 

 Observations  366  366  366 

Table 2b. Descriptive Statistics for Brazil 

 Inflation Selic Output Gap 

 Mean  0.47 1.07 -0.001 

 Median 0.45 0.99  0.001 

 Maximum 1.00 2.08  0.07 

 Minimum 0.2 0.59 -0.17 

 Std. Dev. 0.15 0.31  0.04 

 Skewness 0.73 0.92 -1.7 

 Kurtosis 3.71 3.48  7.64 

 Observations 110 110  110 
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Table 3a. Best Estimated Linear Models for U.S 

 Model 1 Model 2 Model 3 Model 4 

c  0.027  0.008 -0.005 -0.018 

 [0.89] [0.26] [-0.13] [-0.49] 

     

i (-1)  0.533  0.533  0.534  0.534 

 [10.56]** [10.55]*** [5.78]*** [5.84]*** 

     

i (-2) -0.122 -0.120 -0.122 -0.118 

 [-2.45]** [-2.42]** [-1.05] [-1.00] 

     

π (3) -0.024    

 [-2.10]**    

     

y (3)  0.018    

 [1.74]*    

     

π (6)  -0.016   

  [-1.29]   

     

y (6)   0.023   

  [2.14]**   

     

π (9)   -0.010  

   [-0.46]  

     

y (9)    0.026  

   [2.89]***  

     

π (12)    -0.003 

    [-0.19] 

     

y (12)    0.028 

    [3.11]*** 

     
     

Observations: 366 366 366 366 

R-squared: 0.277 0.275 0.275 0.276 

AIC: 0.553 0.556 0.556 0.555 

DW 2.09 2.08 2.08 2.08 

Note: *, ** and ***, denote a rejection of the null hypothesis at the 0.10, 0.05 and 0.01 levels respectively, t-statistics are 

in brackets. Robust standard errors with Newey-West/Barlett window were computed.  
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Table 3b. Best Estimated Linear Models for Brazil 

 Model 1 Model 2 Model 3 Model 4 

c  -0.08  -0.10 -0.06 -0.14 

 [-1.47] [-2.20]** [-1.34] [-3.3]*** 

     

i (-1)  -0.49  -0.51  -0.48  -0.52 

 [-6.58]*** [-7.73]*** [-6.50]*** [-7.86]*** 

     

     

π (1) 0.11  0.11  

 [1.00]  [0.95]  

     

y (1)  0.658  0.365  

 [2.05]**  [0.53]  

     

π (-2)  0.142  0.208 

  [1.57]  [2.32]** 

     

 y (-2)   1.63  3.25 

  [3.98]***  [4.12]*** 

     

Dummy*π (1)   0.038  

   [0.64]  

     

Dummy*y (1)    0.557  

   [0.74]  

     

Dummy*π (-2)    0.166 

    [1.84]* 

     

Dummy*y (-2)     -1.97 

    [-2.33]** 

     
     

Observations: 138 140 138 127 

R-squared: 0.25 0.30 0.25 0.32 

AIC: -1.556 -1.636 -1.530 -1.567 

Schwarz -1.471 -1.552 -1.402 -1.433 

DW 2.28 2.33 2.26 2.44 

 

Note: *, ** and ***, denote a rejection of the null hypothesis at the 0.10, 0.05 and 0.01 levels 

respectively, t-statistics are in brackets. Robust standard errors with Newey-West/Barlett window were 

computed. y and π denotes the outputgap and the core inflation respectively. Dummy denotes the 

dummy variable taking the value of one from 2008:10 to 2010:03 and zero elsewhere. We run many 

tests and we present here those with the best values of the AIC and Schwartz criteria  
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Table 4a. F-tests for linearity of Model 1 of table 3a 

     

     

     
     

F-statistic: 4.45    

Prob(F-stat):      0.000***    

     
     

Note: as the inflation target seems to be of greater importance than the outputgap 

for the U.S economy, we use as a delay parameter the inflation. We run several 

tests using different lags each time for the inflation and in all tests the null 

hypothesis of linearity was rejected. We present above in table 4b the results of the 

test using one lag of the inflation as a delay parameter 

  

 

     
Table 4b. F-tests for linearity of Model 2 of table 3b 

     

     

     
     

F-statistic: 1.18    

Prob(F-stat): 0.30    

     
     

 

 

       
Table 5. Best Estimated  of nonlinear Taylor rule models for U.S. 

 

 

Model 1 Model 2 Model 3 

   

Coefficient Prob. Coefficient Prob. Coefficient Prob. 

       
       

 

0.051 0.607 0.033 0.602 0.009 0.836 

ρ 0.415*** 0.000 0.442*** 0.000 0.388*** 0.000 

β -0.0352* 0.0875 -0.029 0.168 -0.018 0.315 

γ 0.0009 0.5078 0.0123 0.443 0.0257** 0.017 

 

12.609*** 0.0017 11.639*** 0.003 57.176*** 0.007 

b -1.828*** 0.0022 -1.917*** 0.003 -11.090*** 0.007 

d 1.957*** 0.0002 2.053*** 0.001 5.9134*** 0.003 

γ 1.110*** 0.0000 1.202** 0.016 2.36*** 0.000 

πt 4.35*** 0.0000 4.38*** 0.000 5.19*** 0.000 

       
       

AIC 0.426 0.557 0.431 

Obs 366 366 366 

       
 

Notes: Model 1 corresponds to 4 lags for the variables I and π, model 2 

corresponds to 5 and 2 lags respectively and model 3 corresponds to 11 and 4 

lags respectively. Significance level at which the null hypothesis is rejected: ***, 

1%; **, 5%; *, 10%. γ is made dimension free by dividing it by the standard 

deviation of the inflation variable. The estimated equation is of the form: 

. πτ  is the target inflation. 
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Table 6a. Effects of Unanticipated Monetary shocks for the U.S. 

     

Equation Model 1 Model 2 Model 3 Model 4 

Dep. Var: YCIP YCIP YCIP YCIP 

          
C  0.278  0.357  0.275  0.359 

 (0.15)* (0.13)*** (0.15)* (0.13)*** 

Year Change IP(-1)  1.220  1.082  1.217  1.083 

 (0.09)*** (0.08)*** (0.09)*** (0.08)*** 

Year Change IP(-2) -0.280 -0.137 -0.278 -0.141 

 (0.09)*** (0.08)* (0.08)*** (0.07)* 

RESP  0.597 -1.660   

 (0.39) (0.63)***   

RESN  0.390 -1.906   

 (0.32) (0.89)**   

FEDRATE  0.050  2.151  0.052  2.058 

 (0.03) (0.65)*** (0.03) (0.56)*** 

INFLATION -0.187 -0.375 -0.182 -0.364 

 (0.07)*** (0.19)** (0.07)** (0.19)* 

RESP(-1)  -0.966   

  (0.50)*   

RESP(-2)  -1.047   

  (0.55)*   

RESP(-3)  -0.563   

  (0.52)   

RESP(-4)   0.323   

  (0.54)   

RESN(-1)  -0.260   

  (0.58)   

RESN(-2)  -0.974   

  (0.55)*   

RESN(-3)  -0.711   

  (0.49)   

RESN(-4)  -0.153   

  (0.33)   

FEDRATE(-1)  -2.218  -2.130 

  (0.92)**  (0.82)*** 

FEDRATE(-2)   0.882   0.807 

  (0.68)  (0.62) 

FEDRATE(-3)  -0.710  -0.471 

  (0.64)  (0.60) 

     

FEDRATE(-4)  -0.109  -0.265 

  (0.40)  (0.39) 

INFLATION (-1)   0.247  0.250 

  (0.22)  (0.22) 

INFLATION (-2)  -0.272  -0.301* 

  (0.18)  (0.18) 

INFLATION (-3)   0.145  0.145 

  (0.21)  (0.21) 

INFLATION (-4)   0.206  0.220 

   

  (0.15)  (0.15) 

RES   0.486 -1.700 
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   (0.18)*** (0.61)*** 

RES(-1)    -0.532 

Table 6a. Effects of Unanticipated Monetary shocks for the U.S. (cont) 

    

    (0.45) 

RES(-2)    -0.891 

    (0.31)*** 

RES(-3)    -0.739 

    (0.40)* 

RES(-4)    0.021 

    (0.27) 

          
Observations: 366 362 366 362 

R-squared: 0.96 0.96 0.96 0.96 

F-statistic: 1320.9*** 405.5*** 1588.7*** 528.6*** 

DW 2.15 2.07 2.15 2.08 

     

F-tests  Prob. Prob. Prob. 

RESP=RESN  0.37   

Σ SGP = Σ SGN  0.39   

Σ RESP=Σ FEDRATE  0.001***   

Σ RESN=Σ FEDRATE  0.01**   

RES=FEDRATE   0.02**  

Σ RES=Σ FEDRATE    0.006*** 

     

Notes: Robust standard errors with Newey-West/ Barlett window were computed and the respective standard errors 

are presented in parentheses; significance level at which the null hypothesis is rejected: ***, 1%; **, 5%; *, 10%. RESP 

are the monetary shocks with positive sign, thus negative monetary shocks, RESN are the monetary shocks with the 

negative sign, thus the positive monetary shocks, RES are unexpected monetary shocks. 
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Table 6b. Effects of Unanticipated Monetary shocks for Brazil 

     

Equation Model 1  Model 2  

Dep. Var: YCIP  YCIP  

          
C  0.45  0.72  

 [0.58]  [1.01]  

Year Change IP(-1)  1.09  1.03  

   [7.05]***  [8.13]***  

 

Year Change IP(-2) -0.2  -0.14  

 [1.29]  [-1.06]  

 

RESP(-1) -10.24    

     [-2.24]**    

RESN (-1) 2.80    

 [0.57]    

RESN(-1) 

     

REAL INTEREST RATE   -0.69  

   [-1.76]*  

 

REAL INEREST RATE (-1) 

0.11 

[0.45]  

0.48 

[1.54]  

     

     

RES   2.11  

   (0.77)  

RES(-1)   -3.33  

   [-1.81]*  

         1 
Observations: 121  127  

R-squared: 0.83  0.82  

DW 2.05  2.04  

     

     

     

Notes: Robust standard errors with Newey-West/ Barlett window were computed and the respective t-statistics 

are presented in brackets; significance level at which the null hypothesis is rejected: ***, 1%; **, 5%; *, 10%. 

RESP are the monetary shocks with positive sign, thus negative monetary shocks, RESN are the monetary shocks 

with the negative sign, thus the positive monetary shocks, RES are unexpected monetary shocks. 
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Figure 1. The output gap for the Brazilian Economy 
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Figure 2.  Theta parameter against NBER’s expansion and contraction dates in U.S 

0.0

0.2

0.4

0.6

0.8

1.0
0

1

2

82 84 86 88 90 92 94 96 98 00 02 04 06 08 10

THETA NBER
 

 

26



Banco Central do Brasil 
 
 

Trabalhos para Discussão 
Os Trabalhos para Discussão do Banco Central do Brasil estão disponíveis para download no website 

http://www.bcb.gov.br/?TRABDISCLISTA 

 
Working Paper Series 

The Working Paper Series of the Central Bank of Brazil are available for download at 
http://www.bcb.gov.br/?WORKINGPAPERS 

 
 
301 Determinantes da Captação Líquida dos Depósitos de Poupança 

Clodoaldo Aparecido Annibal 
 

Dez/2012 

302 Stress Testing Liquidity Risk: the case of the Brazilian Banking System 
Benjamin M. Tabak, Solange M. Guerra, Rodrigo C. Miranda and Sergio 
Rubens S. de Souza 
 

Dec/2012 

303 Using a DSGE Model to Assess the 
Macroeconomic Effects of Reserve Requirements in Brazil 
Waldyr Dutra Areosa and Christiano Arrigoni Coelho 
 

Jan/2013 

303 Utilizando um Modelo DSGE para 
Avaliar os Efeitos Macroeconômicos dos 
Recolhimentos Compulsórios no Brasil 
Waldyr Dutra Areosa e Christiano Arrigoni Coelho  
 

Jan/2013 

304 Credit Default and Business Cycles:  
an investigation of this relationship in  
the Brazilian corporate credit market 
Jaqueline Terra Moura Marins and Myrian Beatriz Eiras das Neves 
 

Mar/2013 

304 Inadimplência de Crédito e Ciclo Econômico:  
um exame da relação no mercado brasileiro  
de crédito corporativo 
Jaqueline Terra Moura Marins e Myrian Beatriz Eiras das Neves 
 

Mar/2013 

305 Preços Administrados: projeção e repasse cambial 
Paulo Roberto de Sampaio Alves, Francisco Marcos Rodrigues Figueiredo, 
Antonio Negromonte Nascimento Junior e Leonardo Pio Perez 
 

Mar/2013 

306 Complex Networks and Banking Systems Supervision 
Theophilos Papadimitriou, Periklis Gogas and Benjamin M. Tabak 
 

May/2013 

306 Redes Complexas e Supervisão de Sistemas Bancários 
Theophilos Papadimitriou, Periklis Gogas e Benjamin M. Tabak 
 

Maio/2013 

307 Risco Sistêmico no Mercado Bancário Brasileiro – Uma abordagem pelo 
método CoVaR 
Gustavo Silva Araújo e Sérgio Leão 
 

Jul/2013 

308 Transmissão da Política Monetária pelos Canais de Tomada de Risco e 
de Crédito: uma análise considerando os seguros contratados pelos 
bancos e o spread de crédito no Brasil 
Debora Pereira Tavares, Gabriel Caldas Montes e Osmani Teixeira de 
Carvalho Guillén 
 

Jul/2013 

27



309 Converting the NPL Ratio into a Comparable Long Term Metric 
Rodrigo Lara Pinto Coelho and Gilneu Francisco Astolfi Vivan 
 

Jul/2013 

310 Banks, Asset Management or Consultancies’ Inflation Forecasts: is there 
a better forecaster out there? 
Tito Nícias Teixeira da Silva Filho 
 

Jul/2013 

311 Estimação não-paramétrica do risco de cauda 
Caio Ibsen Rodrigues Almeida, José Valentim Machado Vicente e  
Osmani Teixeira de Carvalho Guillen 
 

Jul/2013 

312 A Influência da Assimetria de Informação no Retorno e na Volatilidade 
das Carteiras de Ações de Valor e de Crescimento 
Max Leandro Ferreira Tavares, Claudio Henrique da Silveira Barbedo e 
Gustavo Silva Araújo 
 

Jul/2013 

313 Quantitative Easing and Related Capital Flows  
into Brazil: measuring its effects and transmission  
channels through a rigorous counterfactual evaluation 
João Barata R. B. Barroso, Luiz A. Pereira da Silva and  
Adriana Soares Sales 
 

Jul/2013 

314 Long-Run Determinants of  
the Brazilian Real: a closer look at commodities 
Emanuel Kohlscheen 
 

Jul/2013 

315 Price Differentiation and Menu Costs in Credit Card Payments 
Marcos Valli Jorge and Wilfredo Leiva Maldonado 
 

Jul/2013 

315 Diferenciação de Preços e Custos de Menu nos Pagamentos com  
Cartão de Crédito 
Marcos Valli Jorge e Wilfredo Leiva Maldonado 
 

Jul/2013 

316 Política Monetária e Assimetria de Informação: um estudo a partir do 
mercado futuro de taxas de juros no Brasil 
Gustavo Araújo, Bruno Vieira Carvalho, Claudio Henrique Barbedo e 
Margarida Maria Gutierrez 
 

Jul/2013 

317 Official Interventions through Derivatives: affecting the demand for 
foreign exchange 
Emanuel Kohlscheen and Sandro C. Andrade 
 

Jul/2013 

318 Assessing Systemic Risk in the Brazilian Interbank Market 
Benjamin M. Tabak, Sergio R. S. Souza and Solange M. Guerra 
 

Jul/2013 

319 Contabilização da Cédula de Produto Rural à Luz da sua Essência 
Cássio Roberto Leite Netto 
 

Jul/2013 

320 Insolvency and Contagion in the Brazilian Interbank Market 
Sergio R. S. Souza, Benjamin M. Tabak and Solange M. Guerra 
 

Aug/2013 

321 Systemic Risk Measures 
Solange Maria Guerra, Benjamin Miranda Tabak, Rodrigo Andrés de Souza 
Penaloza and Rodrigo César de Castro Miranda 
 

Aug/2013 

322 Contagion Risk within Firm-Bank Bivariate Networks 
Rodrigo César de Castro Miranda and Benjamin Miranda Tabak 
 

Aug/2013 

28



323 Loan Pricing Following a Macro Prudential 
Within-Sector Capital Measure  
Bruno Martins and Ricardo Schechtman  
 

Aug/2013 

324 Inflation Targeting and Financial Stability: 
A Perspective from the Developing World 
Pierre-Richard Agénor and Luiz A. Pereira da Silva 
 

Sep/2013 

325 Teste da Hipótese de Mercados Adaptativos para o Brasil 
Glener de Almeida Dourado e Benjamin Miranda Tabak 
 

Set/2013 

326 Existência de equilíbrio num jogo com bancarrota e agentes 
heterogêneos 
Solange Maria Guerra, Rodrigo Andrés de Souza Peñaloza e Benjamin 
Miranda Tabak 
 

Out/2013 

327 Celeridade do Sistema Judiciário e Créditos Bancários para as 
Indústrias de Transformação 
Jacopo Ponticelli e Leonardo S. Alencar 
 

Out/2013 

328 Mercados Financeiros Globais – Uma Análise da Interconectividade 
Marcius Correia Lima Filho, Rodrigo Cesar de Castro Miranda e  
Benjamin Miranda Tabak 
 

Out/2013 

329 Is the Divine Coincidence Just a Coincidence? The Implications of Trend 
Inflation 
Sergio A. Lago Alves 

Oct/2013 

   
330 Forecasting Multivariate Time Series under Present-Value-Model  

Short- and Long-run Co-movement Restrictions 
Osmani Teixeira de Carvalho Guillén, Alain Hecq, João Victor Issler and  
Diogo Saraiva 

Oct/2013 

 
331 Measuring Inflation Persistence in Brazil Using a Multivariate Model 

Vicente da Gama Machado and Marcelo Savino Portugal 
 

Nov/2013 

332 Does trade shrink the measure of domestic firms? 
João Barata R. B. Barroso 
 

Nov/2013 

333 Do Capital Buffers Matter? A Study on the Profitability and Funding 
Costs Determinants of the Brazilian Banking System 
Benjamin Miranda Tabak, Denise Leyi Li, João V. L. de Vasconcelos and 
Daniel O. Cajueiro 
 

Nov/2013 

334 Análise do Comportamento dos Bancos Brasileiros Pré e Pós-Crise 
Subprime 
Osmani Teixeira de Carvalho Guillén, José Valentim Machado Vicente e 
Claudio Oliveira de Moraes 
 

Nov/2013 

335 Why Prudential Regulation Will Fail to Prevent Financial Crises. A 
Legal Approach 
Marcelo Madureira Prates 

Nov/2013 

 
336 Traditional and Matter-of-fact Financial Frictions in a DSGE Model for 

Brazil: the role of macroprudential instruments and monetary policy 
Fabia A. de Carvalho, Marcos R. Castro and Silvio M. A. Costa 
 

Nov/2013 

29



337 Opacidade e Crédito Bancário: evidências empíricas a partir da NYSE e 
da NASDAQ  
Helder Ferreira de Mendonça, Renato Falci Villela Loures e Délio José 
Cordeiro Galvão 
 

Nov/2013 

338 Um Estudo sobre Comportamento de Tomadores e Ofertantes no 
Mercado de Crédito 
Tony Takeda e Paulo Evandro Dawid 
 

Dez/2013 

339 Um Conto de Três Hiatos: Desemprego, Utilização da Capacidade 
Instalada da Indústria e Produto 
Sergio Afonso Lago Alves e Arnildo da Silva Correa 

Dez/2013 

 

30




