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Abstract

A large literature lauds the benefits of central bank transparency and credibility, but when a central bank like the U.S.
Federal Reserve has a dual mandate, is not specific to the extent it targets employment versus price stability, and is not
specific to the magnitude interest rates should change in response to these targets, market participants must depend
largely on past data to form expectations about monetary policy. We suppose market participants estimate a Taylor-
like regression equation to understand the conduct of monetary policy, which likely guides their short-run and long-run
expectations. When the Federal Reserve's actions deviate from its historical targets for macroeconomic variables, an
environment of greater uncertainty may be the result. We quantify this degree of uncertainty by measuring and
aggregating recent deviations of the federal funds rate from econometric forecasts predicted by constant gain learning.
We incorporate this measure of uncertainty into a VAR model with ARCH shocks to measure the effect monetary
policy uncertainty has on inflation, output growth, unemployment, and the volatility of these variables. We find that a
higher degree of uncertainty regarding monetary policy is associated with greater volatility of inflation and
unemployment.
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“Improving the public’s understanding of the central bank’s objectives and policy strategies reduces
economic and financial uncertainty and thereby allows business and households to make more
informed decisions.” ~ Ben S. Bernanke, Speech to the Cato Institute 25th Annual Monetary
Conference, November 17, 2007.

1 Introduction

Bernanke demonstrates in this quote that the Federal Reserve recognizes the value in keeping the
public informed about the conduct of monetary policy. Even so, the Federal Reserve has a dual
mandate to promote both employment and inflation stability, it does not explicitly communicate
relative importance for each of these goals, and it does not communicate an explicit long-run
target for inflation as central banks from some other countries do. One might argue the reason
for being vague is to give monetary policy flexibility to address new short-run economic challenges
while maintaining credibility to keep inflation at moderate levels in the long run. However, the
lack of complete communication concerning the conduct of monetary policy may create some
uncertainty among market participants concerning short-run and long-run monetary policy actions.
The purpose of this paper is to measure the degree of monetary policy uncertainty in the U.S.
economy over the last several decades, and examine the effect uncertainty has on levels of output
growth, unemployment, inflation, and the volatility of these variables.

Many authors have found monetary policy transparency and credibility important are for
macroeconomic stability. For example, Cecchetti and Krause (2002) find evidence for this from
60 central banks around the world. Cecchetti et al. (2006) find for 20 countries around the world
that 80% of the reduction in macroeconomic volatility since the early 1980s can be attributed to
better monetary policy, and that credibility and transparency plays an important role. Bernanke
and Mishkin (1997) suggests that the decrease in macroeconomic volatility since the early 1980s in
the United States was due in large part to an established, and therefore well understood, monetary
policy that put its greatest emphasis on inflation targets. Cecchetti and Ehrmann (2002) similarly
find evidence for countries across the world that central banks that have shifted focus to inflation
stability, either explicitly or implicitly, have sucessfully limited both inflation and output volatility
since the early 1980s.

All these papers suggest that monetary policy that is well understood by the public leads
greater macroeconomic stability, and many attribute the slow down of macroeconomic volatility
around the world since the early 1980s to precisely this. A related literature examines the effect
macroeconomic volatility has on levels of inflation and output growth, where volatility is used
as a measure for economic uncertainty. Examples from this literature include Grier and Perry
(2000), Fountas (2001), Fountas et al. (2002), Grier et al. (2004), Fountas et al. (2006), and
Fountas and Karanasos (2007). All these papers use autoregressive heteroskedastic models, with
varying complications, to establish measures of economic uncertainty. While results sometimes
depend on the specification of the model, most of the papers agree that higher inflation uncertainty
has a negative impact on economic growth. In a sense, the implication for monetary policy may
agree with Bernanke and Mishkin (1997) in that successful inflation targeting can lead to better
macroeconomic outcomes.

The above papers are limited in that they do not focus specifically on uncertainty concerning
monetary policy, and they cannot separate heteroskedasticity and uncertainty, so as to determine
the impact uncertainty has volatility. The present paper takes a step in each of these directions.
Motivated by the literature on transparency and inflation targeting which suggests well-understood
policy leads to desirable outcomes, the present work measures monetary policy uncertainty in the
U.S. by measuring market participants perceptions of monetary policy. Specifically, we suppose
agents estimate a Taylor-like regression rule where the federal funds rate responds to expectations
of future inflation, output growth, and unemployment. Since the Fed does not explicitly com-
municate the relative importance of inflation and employment stability, the target inflation rate,
or how responsive the federal funds rate is to fluctuations in these variables, we argue monetary
policy is transparent when its actions are predictable, based on estimates of the linear regression
monetary policy rule using data available to ageits at the time.
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We re-estimate the Taylor-like regression rule for each period in our sample, using only the
data prior to this period which would realistically be available to market participants at the time.
Specifically, we use a constant-gain least squares learning algorithm in the style of Evans and
Honkapohja (2001) which supposes agents give relatively more weight to more recent observations.
We use the root mean squared error from this regression as our measure of monetary policy
uncertainty and report the evolution of agents’ perceptions and agents’ levels of uncertainty over
the sample period. We then estimate the impact uncertainty has on levels of output growth,
unemployment and inflation and the volatility of these variables. We fail to find evidence that
uncertainty affects the levels of these variables, but in many specifications we consider, we find
statistically significant evidence that greater monetary policy uncertainty leads to greater volatility
of output growth, unemployment, and inflation.

2 Estimating Monetary Policy
2.1 Data

To generate rolling estimates of the Taylor rule and compute estimates for monetary policy un-
certainty, we use quarterly data from 1978:Q4 through 2011:Q3 on the federal funds rate and
expected future output growth, inflation, and unemployment using the median forecast from the
Survey of Professional Forecasters. To estimate the impact that monetary policy uncertainty has
on macroeconomic outcomes, we use quarterly data from the same time period on output growth,
inflation, unemployment, and the federal funds rate. Output growth is measured using the annual-
ized quarterly percentage growth rate in real GDP, and inflation is measured using the annualized
quarterly percentage growth rate in the GDP deflator.

2.2 Least Squares Learning

Agents learn how the Federal Reserve conducts monetary policy by estimating the following policy
rule similar to Taylor (1993),

e e e
T = Qo+ Qple—1 + QrTyy g + Qgfy g T Qully g + & (1)

which recognizes that the Fed may adjust the nominal federal funds rate rate (r;) in response to
expected inflation (7f,,,), expected future growth rate of real GDP (gf,,,), and expected future
unemployment (uf,, ;). The subscripts on the expected variables denote an expectation formed at
time period t for the outcome in period ¢+ 1. The median forecast from the Survey of Professional
Forecasters is used for the expectation for each variable. Judd and Rudebusch (1998), Taylor
(1999), and Orphanides (2003), among others, have suggested Taylor rules in forms similar to this
one are a useful framework to use to understand the conduct of monetary policy.

The Taylor rule above supposes that the Fed responds to expectations of future macroeconomic
variables, rather than concurrent values or past lags. Judd and Rudebusch (1998) estimate a
Taylor rule where monetary policy responds to concurrent values of inflation and the output gap.
McCallum (1997) suggests that it is unrealistic for monetary policy to respond to current-period
macroeconomic variables such as output or price level and that an “operational” monetary policy
rule would depend on lagged variables. Clarida et al. (2000) estimate a Taylor rule similar to the
present paper where policy responds to expectations of future inflation and the output gap. The
Taylor rule in the present paper may be seen as a compromise of these latter two approaches. It
depends on future expectations of macroeconomic outcomes (future outcomes are arguably the
targets for monetary policy), but it is operational in the sense that expectations, either those
reported by the Survey of Professional Forecasters, or the forecasts from the Federal Reserve’s
own models, are available when the Fed sets interest rates.

At every time, t, agents re-estimate equation (1) using past data up through period ¢t — 1. Let
Ty = (1 rey T8y 95,41 uf, ) denote the vector of explanatory variables used to predict 7,

. o T ITT . 259. : .
and & =[Gy Qry Qg Guy) denote the time ¢ edtimate for the regression coefficients. If agents
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estimate equation (1) by ordinary least squares, then the estimates for the coefficient at time ¢ is
given by,

1¢ Tl
ay = < Z It—T‘r{fT> < Z xt—TTt—T> . (2)
t T=1 t T=1
This can be conveniently re-written in the following recursive form,

A oA —1 / ~
Gy = Gyr + Ry iy (11 — 7161

3

Ry=Ri1+% (ﬂftfl%;_l - Rz%l) )
where ~,_; = 1/t is called the learning gain and is equal to the weight given to the most recent
observation. The matrix, R;, is an average of the outer-products of the vector of explanatory
variables. Therefore, it’s inverse is directly related to the variance/covariance matrix of the esti-
mate of the coefficient vector. The recursive representation nicely illustrates the manner in which
expectations are adaptive. The term in parentheses on the right hand side of the first equation
in (3) is the error that was made forecasting r;_; using the previous period’s estimates for co-
efficients. The degree to which the current estimate, &; is updated from the previous estimate,
&1, depends on the forecast error and the size of the learning gain, ;. The larger is the error
made with the previous estimate, the larger is the update. The larger is the learning gain, the
larger is the update. Since the learning gain is the inverse of the sample size, it is large when the
sample size is small. When the sample size is small, adding a new observation has a relatively
large impact on the estimated coefficients. As time approaches infinity, the sample size approaches
infinity and the learning gain approaches zero. When there are a large number of observations, a
new observation has a negligible effect on the estimates.

As time progresses with ordinary least squares, the learning algorithm converges on a set of
coefficients, and uncertainty about how the Fed conducts monetary policy disappears. Also, if
market participants always use ordinary least squares, they never suspect that a structural change
in monetary policy is possible. If a structural change did occur, market participants would learn
about it, but only very slowly. Structural change or not, the weight put on new observations gets
smaller and smaller and all observations from the beginning of time are given equal weight.

There is strong evidence that structural changes in Taylor rule occurred at multiple times in
U.S. history. Taylor (1999), Clarida et al. (2000), and Orphanides (2003), among others, find
statistical evidence that the Federal Reserve more heavily targeted inflation after Paul Volker’s
appointment as Fed Chairman in 1979. Judd and Rudebusch (1998) finds evidence for structural
changes in the Taylor rule based on the terms of three Federal Reserve chairmen. Constant gain
learning is an alternative framework where agents can learn about such structural changes and
learning dynamics do not disappear over time. Constant gain learning simply replaces the learning
gain, 7, with a constant value, v € (0,1). Repeated substitution of equations in (3) shows that
constant gain learning is equivalent to the following weighted least squares estimator,

Gy = ((1 —) Té vavt—Tx’tT> ) ((1 —7) i:l vT:Ut—Tn—T> : (4)

Equation (4) indicates the weight observations from 7 periods in the past is equal to (1 — v)7".

Since v € (0,1), most recent observations are given the highest weight and the weights decline
geometrically with time. One may view this as a learning mechanism for agents that have a
constant suspicion of structural change that is not directly observable. Agents do not have a
formal understanding of the size of changes that could occur or the probabilities for which they
could occur, so they simply put the most weight on the observations which are most likely to
reflect the current structure of the economy.

Computing the coefficients for constant gain learning using the recursive algorithm given in
the equations in (3) requires an initial conditionyfor & and Ry. The sample period studied in the
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this paper runs from 1978:Q4 though 2011:Q3. We use the ten years prior to this sample (1968:Q4
through 1978:Q3) to construct an estimate for the initial conditions for the learning process. We
estimate the Taylor rule given in equation (1) with ordinary least squares and use the estimated
coefficients to initialize &y and the average of the outer product, x;x}, to initialize Rj.

Market uncertainty concerning the conduct of monetary policy can be captured by the residuals
from market participants’ weighted least-squares estimates of the Taylor rule given in equation
(1). The larger are the average squared residuals from this regression, the larger will be the
variance of the forecast for ., ,, and the larger will be variance for forecasts for any variable that
depends on future interest rates. For a given value for 7, we use the following root weighted mean
squared residuals (RMSR) as a measure of the degree of uncertainty caused by recent unpredicted
monetary policy actions,

Myt = J (1—-7) Z Y (re—r — z;—rdt—T)Qv (5)

T=1
where the weights (1 — «)7" are consistent with constant gain learning.
2.3 Learning with Instrumental Variables

Agents face a possible endogeneity problem estimating the Taylor rule in equation (1) using the
least squares estimator given in equation (4), which like ordinary least squares ignores the possible
joint determination of the Fed’s choice of the federal funds rate and the expectations of future
outcomes for inflation, output growth, and unemployment. Clarida et al. (2000) estimate a Taylor
rule that includes possibly endogenous expectations of macroeconomic variables and use lags of
these same variables as instruments. We suppose agents may follow a similar strategy in generating
their rolling estimates of the Taylor rule coefficients, using as instruments two lagged values each
of the growth rate, unemployment rate, and inflation rate, as well as previous forecasts from the
Survey of Professional Forecasters to take advantage of additional explanatory power deriving
from possible persistence in the forecasts.

Like Clarida et al. (2000) we have more instruments than endogenous variables. Suppose then
that agents estimate the Taylor rule each period using a standard two-stage least squares instru-
mental variables regression procedure, altered only by using weights on observations consistent
with constant gain learning. In the first stage, agents regress the endogenous variables (expected
future output, unemployment and inflation) against the instruments and the remaining exogenous
Taylor rule regressors (constant and the lagged interest rate). In the second stage, agents estimate
the Taylor rule by regressing the federal funds rate on the predicted values of the endogenous
variables from the first-stage and the remaining exogenous variables.

Let wy = [7f,,1 9§41 Ufs1)" denote the possibly endogenous regressors in xy, and vy, = [1 74_1]’
denote the remaining exogenous regressors, so that z; = [v; w;]’. Let z; denote the vector of
instruments and exogenous variables used in the first stage regression, which is given by,

_ e e e e e e /
ze = 1 re1m_y Geo1 Uy Ty 14 91t Y1 Tt—2 Gt—2 Ut—2 Ty_9; 1 G911 ut—2,t—1}
The first stage regression equation for each endogenous variable, w;, in vector wy, is given by,
/
Wit = Ztﬁ + Vit

The time ¢ constant gain least squares estimate for the coefficient vector, 3, is given by,

i= (003 7) (=) S 3o Q

and the predicted value for the endogenous regr%@%or is given by w;; = z;Bt
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Let Z; = [v; w;])" denote the regressors used in the second stage regression, where endogenous

variables in z; have been replaced with their predicted values from the first stage regression. The
rolling IV estimator for the Taylor rule coefficients in equation (1) is given by,

" = (0= el ) (=) S ). )

T=1 T=1

This two-stage weighted least squares instrumental variables regression procedure can be writ-
ten in the following recursive form,

Stage 1:

~ ~ —1 ~

By =Bi1+7 (RSI> Zt—1 (witfl - 227151‘,71)

R = R9Y 4y (ma2y — BSY)
Wiy = 2By, & = o] @) (8)

Stage 2:

A 1 A A ~

alV' = alV, + 4 (RSQ) T (Tt_1 — xé_lat_1>

R = R+ <17t 1874 R2§—21>-

Again the learning algorithm requires initial conditions for the state of expectations at the
beginning of the sample. Initial values are needed for f; and Rj! in the first stage regression
and for &Y and R5? in the second stage. We initialize these with estimates a standard two-stage
least squares instrumental variables regression run on the ten years prior to the sample (1968:Q4
through 1978:Q3).

Uncertainty regarding the conduct of monetary policy is computed similar to equation (5)
above,

t
m{yf; = $ (1 - 7) Z FYTOnt*T j:t TOAéL{VT) : (9)

T=1
2.4 Perceptions of Monetary Policy

Figure 1 shows the paths of the coefficients and monetary policy uncertainty using learning gains,
v € {0.01,0.02,0.05}, and least squares learning (no instrumental variables). Figure 2 shows these
same paths when market participants use two-stage instrumental variable learning. The behavior
and the magnitude of the coefficients and uncertainty under each learning framework are very
similar. Also, the behavior and magnitude of monetary policy uncertainty under each learning
gain is very similar, even while there are slight differences in the path of the coefficients for different
learning gains.

Market participants had the highest levels of uncertainty in the late 1970s and early 1980s as
Paul Volker assumed the chairman position of the Federal Reserve and began aggressively fighting
inflation. Even so, agents did perceive a movement in the Taylor rule coefficients at the same time.
Agents perceived a high constant, and therefore a high average level of interest; a larger coefficient
on inflation; a smaller coefficient and lagged interest rate, indicating faster moving policy to fight
inflation; and a near zero and even negative coefficient on economic growth.! The highest level
monetary policy uncertainty took in the early 1980s is 5.5 or 550 basis points. Loosely interpreting

!Policy instead designed to fight falling rates of economic growth with low interest rates would have a positive
coefficient. 262
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the root mean squared residual as an average distance of the forecasted value?, this implies in 1980
the Federal Funds rate was 550 basis points above what market participants perceived to be typical
recent behavior of monetary policy in response to economic conditions at the time. Monetary
policy uncertainty also reaches peaks before the recession in 2001 (reaches approximately 100
basis points) and again before and during the Great Recession (reaching approximately 150 to 200
basis points, depending on the learning gain).

3 Macroeconomic Impact

We now turn to estimating the impact monetary policy uncertainty has on the macroeconomy.
Specifically, we are interested in determining whether uncertainty adversely affects output growth,
inflation, unemployment, or the volatility of these variables. We use a reduced form vector autore-
gression (VAR) model with autoregressive conditional heteroskedastic (ARCH) shocks to answer
this question. The VAR specification is general enough to allow for interactions of output growth,
inflation, and unemployment as might be specified by a dynamic general equilibrium model or
more simply-stated macroeconomic theory. The ARCH shocks allow for exogenous time-varying
macroeconomic volatility.
Let y; = [g: m w; )" denote a vector of endogenous macroeconomic variables. Consider the
following augmented VAR(p),
Ye = A(L)Ye—1 + A + 14 (10)

where A(L) is a distributed lag polynomial of order p, A is a vector of coefficients that measure the
impact monetary policy uncertainty has on levels of output growth, inflation, unemployment, and
v is a vector of stochastic shocks with zero mean and possibly evolving variance. In this paper, we
consider three learning gains which are close to values found in the literature, v € {0.01,0.02,0.05},
and lag lengths, p € {1,2,4}.

To test for the possibility that monetary policy uncertainty affects macroeconomic volatility,
we allow the variance of stochastic shocks to evolve over time. We use a first-order ARCH model,
augmented with monetary policy uncertainty as an additional explanatory variable. Let 771'2,t denote
the variance of one of the shocks in ;. We examine the following model,

77271& = Oy0+ 99,97737,:_1 + 99,7:777%,7:_1 + Hg,uni,t—l + /ﬁgm%,t + Vg,
7772r,t = Oro+ 97r,g77§,t_1 + 97r77r7772r,t—1 + 97r,u7712¢,t—1 + Mﬂmi,t + Uni (11)
Ug,t = Ouo+ Qu,gnﬁ,H + H’U,W,r]?r,tfl + 9u,u775,H + Hum?y,t T Uuyt

which is general enough to allow the volatility of output growth, inflation, and unemployment to
depend on their own history and influence each other. The coefficients p; capture the additional
volatility which can be attributed specifically to monetary policy uncertainty.

Table I shows the estimation results under least squares learning (without instrumental vari-
ables) and Table II shows the results under two-stage least squares learning with instrumental
variables. These table report the estimates of the VAR coefficient on monetary policy uncertainty
(A¢), the estimates of the ARCH coefficient on monetary policy uncertainty (), and model fit
statistics including the adjusted R-squared, the multiple F-test on the VAR, the Akaike Informa-
tion Criterion (AIC), and the Bayesian Information Criterion (BIC).

The results are very similar under each learning framework, with and without instrumental
variables, both in terms of statistical significance, and in the magnitude of coefficients and model
fit statistics. The AIC and adjusted R-square values point to the VAR(4) as the most appropriate
model. The BIC suggests the VAR(2) as the most appropriate model, followed very closely by the
VAR(1). In every specification, the coefficient on monetary policy uncertainty in the VAR(p) is not
statistically significantly different from zero, so we fail to find evidence that uncertainty adversely
effects levels of inflation, unemployment, and output growth. However, in many instances, the

2 A mean absolute residual is mathematically equivale% 3‘50 the average distance of the forecasted value from the
actual value. A root mean squared residual is of similar magnitude.
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coefficient on monetary policy uncertainty in the ARCH is statistically significant, indicating
higher levels of policy uncertainty leads to greater macroeconomic volatility. In the VAR(1), these
ARCH coefficients are statistically significant for all inflation, unemployment, and output growth
volatility. In the VAR(4), the ARCH coefficients are statistically significant for inflation and
unemployment volatility.

Overall, the results show a rather robust finding that monetary policy uncertainty may not
impact the levels of inflation, output growth, or unemployment, it does lead to less stability in
inflation and unemployment. When there is a greater uncertainty, there is more volatility in
agents’ expectations. When there is a large degree of uncertainty, residuals in agents’ regressions
are larger in magnitude (right-hand side of equation (3)), agents’ estimates for the coefficients
in the Taylor rule are more volatile, and therefore expectations are more volatile. Volatility in
expectations leads to volatility in consumers’ and/or firms’ decisions. In the estimates of our
ARCH model, we find evidence specifically for greater inflation and unemployment volatility in
response to greater monetary policy uncertainty.

4 Conclusion

The Federal Reserve has a dual mandate to promote stability in employment and inflation and to
maintain flexibility, it does not communicate precise targets for each nor the degree to which the
federal funds rate will be adjusted in response to each. Market participants decisions often depend
on expectations for variables that depend on expectations for monetary policy. We use a Taylor rule
regression equation and a constant gain learning model to compute market participants’ estimates
for the conduct of monetary policy, and we develop a measure for the degree of uncertainty caused
by unpredicted monetary policy changes by aggregating recent squared residuals. We find evidence
consistent with other literature that monetary policy (as described by a Taylor rule) has evolved
over the last several decades, along with market participants’ perceptions of monetary policy.
Despite the ability for market participants to learn about monetary policy, changes in policy also
coincide with increases in monetary policy uncertainty.

We incorporate the measure of monetary policy uncertainty into a VAR models of output
growth, inflation, unemployment, and interest rates with ARCH errors. The VAR results indicate
there is insufficient evidence to conclude monetary policy uncertainty affects levels of output
growth, inflation, or unemployment, but the ARCH(1) results do show that higher monetary policy
uncertainty leads to greater volatility for inflation and unemployment. The policy implications
may be important to central bankers if new challenges call for new monetary policy prescriptions.
Changes in policy may lead to an environment of increased uncertainty, which we find creates less
stability in output growth and unemployment.

264



Economics Bulletin, 2013, Vol. 33 No. 1 pp. 257-270

References

Bernanke, B. S. (November 17, 2007). Speech: Cato Institute 25th Annual Monetary Conference,
Washington, D.C.

Bernanke, B. S. and Mishkin, F. S. (1997). Inflation targeting: A new framework for monetary
policy? Journal of Economic Perspectives, 11:97-116.

Bulir, A., Smidkova, K., Kotlan, V., and Navartil, D. (2008). Inflation targeting and communica-
tion: It pays off to read inflation reports. IMF Working Paper No. 08/234.

Cecchetti, S. G. and Ehrmann, M. (2002). Does inflation targeting increase output volatility?
An international comparison of policymakers’ preferences and outcomes. In Loayza, N. and

Schmidt-Hebbel, K., editors, Monetary policy: Rules and transmission mechanisms. Santiago,
Chile.

Cecchetti, S. G., Flores-Langunes, A., and Kruase, S. (2006). Has monetary policy become more
efficient? A cross-country analysis. The Economic Journal, 116:408-433.

Cecchetti, S. G. and Krause, S. (2002). Central bank structure, policy efficiency, and macroe-
conomic performance: Exploring empirical relationships. Federal Reserve Bank of St. Louis
Review, pages 47-60.

Clarida, R., Gali, J., and Gertler, M. (2000). Monetary policy rules and macroeconomic stability:
Evidence and some theory. Quarterly Journal of Economics, 115:147-180.

Evans, G. W. and Honkapohja, S. (2001). Learning and ezpectations in macroeconomics. Princeton
University Press.

Evans, G. W. and Honkapohja, S. (2008). Expectations, learning and monetary policy: An
overview of recent research. Centre for Dynamic Macroeconomic Analysis Working Paper
CDMAO08,02.

Fountas, S. (2001). The relationship between inflation and inflation uncertainty in the UK: 1985-
1998. FEconomic Letters, 74:77-83.

Fountas, S. and Karanasos, M. (2007). Inflation, output growth and nominal and real uncertainty:
Empirical evidence for the G7. Journal of International Money and Finance, 26:229-250.

Fountas, S., Karanasos, M., and Kim, J. (2002). Inflation and output growth uncertainty and
their relationship with inflation and output growth. Economic Letters, 75:293-301.

Fountas, S., Karanasos, M., and Kim, J. (2006). Inflation uncertainty, output growth uncertainty
and macroeconomic performance. Ozford Bulletin of Economics and Statistics, 68:319-343.

Grier, K. B., Henry, O. T., Olekalns, N.; and Shields, K. (2004). The asymetric effects of uncer-
tainty on inflation and output growth. Journal of Applied Econometrics, 19:551-565.

Grier, K. B. and Perry, M. J. (2000). The effects of real and nominal uncertainty on inflation and
output growth: Some GARCH-M evidence. Journal of Applied Econometrics, 15:45-58.

Judd, J. P. and Rudebusch, G. D. (1998). Taylor’s rule and the Fed: 1970-1997. Federal Reserve
Bank of San Francisco Economic Review, pages 3-16.

MecCallum, B. T. (1997). Issues in the design of monetary policy rules. NBER Working Paper No.

6016.
265



Economics Bulletin, 2013, Vol. 33 No. 1 pp. 257-270

Milani, F. (2007). Expectations, learning and macroeconomic persistence. Journal of Monetary
Economics, 54:2065-2082.

Orphanides, A. (2003). Historical monetary policy analysis and the Taylor rule. Journal of
Monetary Economics, 50:983-1022.

Slobodyan, S. and Wouters, R. (2008). Learning in an estimated medium-sized DSGE model.
Working Paper.

Taylor, J. (1993). Discretionary versus policy rules in practice. Carnegie-Rochester Conference
Series on Public Policy, 39:195-214.

Taylor, J. B. (1999). A historical analysis of monetary policy rules. In Taylor, J. B., editor,
Monetary policy rules. University of Chicago Press.

266



Economics Bulletin, 2013, Vol. 33 No. 1 pp. 257-270

"[OAS] 94T U} Y8 JUROYIUSIS 4., [OAI] %G 9UJ J@ JUROGIUSIS 4, [OAI] %40 Y} $@ JUROGIUTIG ,
ToA9] % T OU3 ye yuedyIulis ore s3sod-q [[V

"WOPARIY JO S90IF9D G(T PUR L] SBY 3804~ o “WOPIDI JO S90I30D G PUR § SBY 380}~ , "WOPIAIY JO S90439D P Pu® G Sy 4803~ |

zer's 89¢°8 87¢'8 Dl

680 $20°L 700°L DIV

6% 0°¢ I QLLE 6°28¢ 8'L8€ L€ L9¢ €'9¢ petIVA 15934

e7E 0 z6e°0 ¢Ge () 186°0 1860 186°0 z€8°0 828°0 928°0 porenbs-y [py

(922°0) (122°0) (122°0) (200°0) (200°0) (100°0) (610°0) (020°0) (020°0) (To1xy] prepuesg)

¢T0°0- 990°0 8L0°0 |  #xF00°0  4xF000  4xF00°0 0£0°0 P00 s FP00 | Ppw wo 300p DYV

(658°0) (geT'T) (81T0°T) (658°0) (660°0) (980°0) (61€°0) (ze€0) (e2€0) (To1x7] prepuesg)

¢00°0~ 2950 66S°0 020°0~ €60°0- L9070~ €ee 8220 pO1°0 | *w uo pop YvA

G00=4L co0=+ T00=AL| GO0=4A TOO=L TOO0=L| C00=4 g0O=L TO0=*L ‘urer) SurwIeo|

QS ymo1n) mnding QE juemAorduwaun QE uotjepgu] :9[qeLIRA Juapuada(]
(DHDYY pPue (F)UVA

ey ) G2 O1d

0612 LST°L 081°L DIV

Al 8¢ 09 9%0L 8FIL 1°92. ¢'c9 ¢'H9 T'%9 p VA 15030

LTT°0 0SZ°0 192°0 086°0 086°0 186°0 618°0 LIS°0 9180 poaenbs-y [py

(tre0)  (@sz0)  (6920) | (g000)  (2000)  (c00'0) | (8200)  (620°0)  (8¢0°0) |  (woug prepueig)

L¥T 0 €01°0 €80°0 100°0- z00°0- 200°0- 0T0°0 0T0°0 900°0 | ¥z uo ooy HOMY

(08L°0) (€c0'T) (626°0) (08L°0) (L80°0) (L20°0) (29€°0) (¢9z°0) (89z°0) (To1xy] prepueslg)

61%°0 6160 6101 820°0~ G600~ 0L0°0- 1€2°0 9F1°0 L8070 | *hw uo pop gva

G00=4t go0=+ T00=4]| GO0=4 T00O=+4 T00=L| S00=+ G0O=L T00=*L ‘urer) Jururear|

(*) qymoary yndingy (*n) yuewrAordwouy) (*1) woryepuy o[qeireA Juspuada(q
(DHOYV Pue (3)4VA

1982, 1062 &l DId

9¢G 0.G°L 16S°L DIV

69 02 &) ¢ LT0T 0°800T 1°¢00T 6°96 8'c6 1°66 P VA 15931

981°0 681°0 F61°0 GL6°0 GL60 GL60 88.°0 98.°0 G8L 0 porenbs-y [py

(6¢€'0)  (gge'0)  (60€'0) | (€00'0)  (€00'0)  (€00'0) | (z€0'0)  (z€0'0)  (1€0°0) |  (z01rq prepmesg)

88T T 444080 4475970 £900°0 700°0 20000 | £4S0T°0 448110  44621°0 | "Fw uo oy HOYY

(¢6¢°0) (628°0) (992°0) (¢6¢°0) (6,0°0) (690°0) (8L7°0) (12€°0) (F1£°0) (1o11y prepuesg)

PIT 0" 6TE0 PSE 0 9%0°0 zz0°0 100°0 ¥2z 0 FIT°0 T11°0 | *lw wo oy YvA

G00=4 go0=k TO0=L| G00=F TO0=L T00=4L]| G00=4 go0=t TO0O=+ ‘urer) SurureoT

(*0) qamo1ry yndinQy

(*n) juomdordurot)

(*1) woryepu]

:a[qetrep juepuada(]

(1HOYV Pue (1)IVA

(syuewmaysuy oN]) Surures| sarenbg 1seeT - SIOLIY O1JSRPIYSOI0IdH SAISSOIS0I0INY [IIM UOISSOISaI0INY 10399/ [ S[R],

267



Economics Bulletin, 2013, Vol. 33 No. 1 pp. 257-270

“[OAS] %1 9Y) IR JUROYIUSIS 4 py [OAI] %4C OYY @ JUROYIUSIS 4, [OAD] %01 OYI I® JUROYIUSIG

TOAS] %1 oYY e JueOYIUSIS ore 83803~ [V 4

"UIOPORTJ JO S90I89D (T PUR LT SBY 38903~ o WIOPIDIJ JO SHOISOP GIT PUR § SBY 380}~ , "UIOPIAIJ JO $90150D FZT PUR G SeY 4803~ {

268

9718 z9¢'8 zee's DId

z0T'L 810 6869 DIV

6% 67 67 LLLE 0°78¢ G GR¢ T°L€ z'9¢ 1°9¢ peIVA 35931

ere o L¥E0 L¥E0 186°0 186°0 186°0 0£8°0 928°0 9z8°0 poenbs-y [py

(012°0) (L0Z°0) (g61°0) (100°0) (100°0) (100°0) (810°0) (610°0) (L10°0) (10117 prepuesg)

$00°0 9¢0°0 €000 +%£00°0 %2000 2000 +x6£0°0 «G€0°0 +1€0°0 | M3w wo Joop oYY

(698°0) (61€'T) (LL1°T) (698°0) (F11°0) (860°0) (0e%°0) (¥8¢€°0) (19¢°0) (1o1x7] prepuesg)

650°0 L£€°0 9%¢"0 610°0- 9%0°0~ G600~ 7920 €e1°0 611°0 | **“w uo o) YvA

G00=4Lt co0=+4t T00=AL| GO0=4 TOO=4 TO0O=L| C00=4 g0O=L TO0=*L ‘urey) JuIULIRd|

(*) qamo1ry yndinQy (*n) yuowrAordurouy) (*1) woryepuy arqeLIeA Juapuada(
(DHOYY Pue (F)HVA

968°L 188°L 6987 o1d

1€T L 91% L v0T L DIV

1°¢ s 7°G 0°20L 8°60L 6°02L 969 ¢¥9 79 peIVA 35934

&é&dll) 82z 0 GeT 0 0860 0860 186°0 028°0 L18°0 L18°0 porenbs-y [py

(c1£°0) (¢62°0) (09Z°0) (200°0) (200°0) (200°0) (220°0) (220°0) (720°0) (zo11y prepuesg)

7920 6210 zer o z00°0- €000~ 20070~ L0070 11070~ g10°0- | *pw wo ooy HOMY

(L06°0) (gze1) (#60°1) (L06°0) (10T°0) (680°0) (£9€°0) (F0€°0) (F0g€0) (10117 prepuelg)

8F1°0 PIT0 €180 z10°0- Zr0°0- 650°0- 1€2°0 9F1°0 1210 | *lw wo o) YVA

G00=4 go0=+ T00=4| GO0=4 TO0O=44 T00=L| S00=+ GOO=L T00=*L ‘urep) Jururedry

(*) qymoary yndingy (*n) yuewrAordwouy) (*1) woryepuy o[qeireA juspuada(
(DHEOYV Pue (5)4VA

Sy LLS ), V16°L o1d

P1G°L 9% €8G°L DIV

T2 69 69 V10T 8°TI0T ¢G00T 896 8°C6 8°C6 P VA 1599

161°0 981°0 981°0 9260 €160 G160 88.°0 98.°0 98.°0 porenbs-y [py

(¥1£°0) (682°0) (222°0) (£00°0) (200°0) (200°0) (0£0°0) (820°0) (920°0) (To1x7] prepuesg)

+x809°T w197 T +x0€6°0 #8000 420070 +700°0 wBTT0  x48TT°0 442010 | "3w 10 Joo) HOUY

(29%°0) (L80°1) (£56°0) (291°0) (160°0) (6,0°0) (667°0) (9¢€0) (zeg0) (zo11y prepuesg)

65¢°0- ze10- 6L0°0 €90°0 7£0°0 L0070 0120 8ST°0 LPT°0 | Flw uo o gyA

G00=+4+ 2o0=4L T00=L| G00=L COO=L T00=A| GO0=L TOO=4 T00=*L ‘urey) JUITLIRD|

(*0) qamo1ry yndinQ (*n) juomdordurot) (*1) woryepu] :a[qeiIRA Juspuada(]

(1HOYV Pue (1)IVA

So[RLIRA [RIUSWINIISUT [I1M SUILIRST - SIOLIF OI}SRPOSOI9)o]] 9AISSaIZI0)NY [IIM UOISSaIFoI0INY 10399A T 9[qR],



Economics Bulletin, 2013, Vol. 33 No. 1 pp. 257-270

RMSE Taylor Rule

Coefficient

Coefficient

Figure 1:

Expectations With Least-Squares Learning:

Monetary Policy Uncertainty
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Figure 2: Expectations With IV Learning:

Monetary Policy Uncertainty

— Learning gain = 0.01
- Learning gain =0.02
Learning gain = 0.05

=
[
=]
=
@
o
[&]
dates
Estimated Taylor Rule Persistence

=
]
=]
=
CD
Q
5]

— Learning gain = 0.01

---- Learning gain = 0.02

Learning gain = 0.05

T T T T T T
1985 1990 1995 2000 2005 2010
dates
Estimated Taylor Rule Coefficient on Growth

=
T
=]
=
CD
Q
5]

— Learning gain = 0.01
---- Learning gain = 0.02
Learning gain = 0.05

T
1985 1990 1995 2000 2005 2010

dates

270
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