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1. Introduction

A central tenet of inflation targeting is that establishing and
maintaining well-anchored inflation expectations are es-
sential. Well-anchored expectations enable inflation-
targeting central banks to achieve greater stability of output
and employment in the short run, while ensuring price sta-

bility in the long run. Three elements of inflation targeting
have been critically important for the successful imple-
mentation of this framework.1 First and foremost is the an-
nouncement of an explicit quantitative inflation target and
the acknowledgment that low, stable inflation is the pri-
mary objective and responsibility of the central bank.
Second is the clear communication of the central bank’s
policy strategy and the rationale for its decisions, which en-
hances the predictability of the central bank’s actions and
its accountability to the public. Third is a forward-looking
policy orientation, characterized by the vigilant monitoring
of inflation expectations at both short-term and longer-term
horizons. Together, these elements provide a focal point for
inflation, facilitate the formation of the public’s inflation
expectations, and provide guidance on actions that may be
needed to foster price stability.

Inflation Targeting under Imperfect Knowledge*

Athanasios Orphanides

Senior Adviser
Board of Governors of the Federal Reserve System

John C. Williams
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A central tenet of inflation targeting is that establishing and maintaining well-anchored inflation expectations are essential.

In this paper, we reexamine the role of key elements of the inflation targeting framework towards this end, in the context of

an economy where economic agents have an imperfect understanding of the macroeconomic landscape within which the

public forms expectations and policymakers must formulate and implement monetary policy. Using an estimated model of

the U.S. economy, we show that monetary policy rules that would perform well under the assumption of rational expecta-

tions can perform very poorly when we introduce imperfect knowledge. We then examine the performance of an easily 

implemented policy rule that incorporates three key characteristics of inflation targeting: transparency, commitment to

maintaining price stability, and close monitoring of inflation expectations, and find that all three play an important role in 

assuring its success. Our analysis suggests that simple difference rules in the spirit of Knut Wicksell excel at tethering

inflation expectations to the central bank’s goal and in so doing achieve superior stabilization of inflation and economic 

activity in an environment of imperfect knowledge.

*We would like to thank Richard Dennis, Bill English, Ali Hakan Kara,
Thomas Laubach, Nissan Liviatan, John Murray, Rodrigo Vergara, 
and participants of presentations at the Federal Reserve Board, the
Bundesbank, the Federal Reserve Banks of Chicago and New York, 
the American University, the conference on “Monetary Policy under
Inflation Targeting,” Santiago, October 20–21, 2005, the conference in
honor of Alex Cukierman on “New Developments in the Analysis of
Monetary Policy and Institutions,” Tel Aviv, December 15–16, 2005,
and the British Columbia Macro/Bank of Canada conference, Van-
couver, April 7–8, 2006, for useful comments. This article is reprinted
from the conference volume Series on Central Banking, Analysis, and
Economic Policies X: Monetary Policy under Inflation Targeting, eds.
Frederic Mishkin and Klaus Schmidt-Hebbel. Santiago, Chile: Central
Bank of Chile, 2007. Opinions expressed do not necessarily reflect the
views of the management of the Federal Reserve Bank of San Francisco
or the Board of Governors of the Federal Reserve System.

1. A number of studies have examined in detail the defining characteris-
tics of inflation targeting. See Leiderman and Svensson (1995),
Bernanke and Mishkin (1997), Bernanke et al. (1999), and Goodfriend
(2004).
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Although inflation-targeting central banks stress these
key elements, the literature that studies inflation targeting
in the context of formal models largely describes inflation
targeting in terms of the solution to an optimization prob-
lem within the confines of a linear rational expectations
model. This approach is limited in its appreciation of the
special features of the inflation-targeting framework, as
emphasized by Faust and Henderson (2004), and it strips
inflation targeting of its raison d’être. In an environment of
rational expectations with perfect knowledge, for instance,
inflation expectations are anchored as long as policy
satisfies a minimum test of stability. Furthermore, with the
possible exception of a one-time statement of the central
bank’s objectives, central bank communication loses any
independent role because the public already knows all it
needs in order to form expectations relevant for its deci-
sions. In such an environment, the public’s expectations of
inflation and other variables are characterized by a linear
combination of lags of observed macroeconomic variables,
and, as such, they do not merit special monitoring by the
central bank or provide useful information to the policy-
maker for guiding policy decisions.

In this paper, we argue that in order to understand the at-
traction of inflation targeting to central bankers and its ef-
fectiveness relative to other monetary policy strategies, it is
essential to recognize economic agents’ imperfect under-
standing of the macroeconomic landscape within which
the public forms expectations and policymakers formulate
and implement monetary policy. To this end, we consider
two modest deviations from the perfect-knowledge rational
expectations benchmark, and we reexamine the role of the
key elements of the inflation-targeting framework in the
context of an economy with imperfect knowledge. We find
that including these modifications provides a rich frame-
work in which to analyze inflation-targeting strategies and
their implementation.

The first relaxation of perfect knowledge that we incor-
porate is to recognize that policymakers face uncertainty
regarding the evolution of key natural rates. In the United
States, for example, estimates of the natural rates of inter-
est and unemployment are remarkably imprecise.2 This
problem is arguably even more dramatic for small open
economies and transitional economies that have tended to
adopt inflation targeting. Policymakers’ misperceptions re-

garding the evolution of natural rates can result in persist-
ent policy errors, hindering successful stabilization policy.3

Our second modification is to allow for the presence of
imperfections in expectations formation that arise when
economic agents have incomplete knowledge of the econ-
omy’s structure. We assume that agents rely on an adaptive
learning technology to update their beliefs and form expec-
tations based on incoming data. Recent research highlights
the ways in which imperfect knowledge can act as a propa-
gation mechanism for macroeconomic disturbances in
terms of amplification and persistence that have first-
order implications for monetary policy.4 Agents may rely
on a learning technology to guard against numerous poten-
tial sources of uncertainty. One source could be the evolu-
tion of natural rates in the economy, paralleling the
uncertainty faced by policymakers. Another might involve
the policymakers’ understanding of the economy, their
likely response to economic developments, and the precise
quantification of policy objectives. Recognition of this lat-
ter element in the economy highlights a role for central
bank communications, including that of an explicit quanti-
tative inflation target, which would be absent in an environ-
ment of perfect knowledge.

We investigate the role of inflation targeting in an envi-
ronment of imperfect knowledge using an estimated quar-
terly model of the U.S. economy. Specifically, we compare
the performance of the economy subject to shocks with
characteristics similar to those observed in the data over
the past four decades under alternative informational as-
sumptions and policy strategies. Following McCallum
(1988) and Taylor (1993), we focus on implementable 
policy rules that capture the key characteristics of inflation
targeting. Our analysis shows that some monetary policy
rules that would perform well under the assumption of 
rational expectations with perfect knowledge perform very
poorly when we introduce imperfect knowledge. In partic-
ular, rules that rely on estimates of natural rates for setting
policy are susceptible to persistent errors. Under certain
conditions, these errors can give rise to endogenous
inflation scares, whereby inflation expectations become
unmoored from the central bank’s desired anchor. These
results illustrate the potential shortcomings of such stan-
dard policy rules and the desirability of identifying an 
alternative monetary policy framework when knowledge 
is imperfect.

2. For discussion and documentation of this imprecision, see
Orphanides and Williams (2002), Laubach and Williams (2003), and
Clark and Kozicki (2005). See also Orphanides and van Norden (2002)
for the related unreliability regarding the measurement of the natural
rate of output and implied output gap.

3. For analyses of the implications of misperceptions for policy design,
see Orphanides and Williams (2002), Orphanides (2003b), and
Cukierman and Lippi (2005).

4. See Orphanides and Williams (2004, 2005a, b, c), Gaspar and Smets
(2002), Gaspar, Smets and Vestin (2006), and Milani (2005).
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We then examine the performance of an easily imple-
mented policy rule that incorporates the three key charac-
teristics of inflation targeting highlighted above in an
economy with imperfect knowledge. The exercise reveals
that all three play an important role in ensuring success.
First, central bank transparency, including explicit commu-
nication of the inflation target, can lessen the burden placed
on agents to infer central bank intentions and can thereby
improve macroeconomic performance. Second, policies
that do not rely on estimates of natural rates are easy to
communicate and are well designed for ensuring medium-
run inflation control when natural rates are highly uncer-
tain. Finally, policies that respond to the public’s near-term
inflation expectations help the central bank avoid falling
behind the curve in terms of controlling inflation, and they
result in better stabilization outcomes than policies that
rely only on past realizations of data and ignore informa-
tion contained in private agents’ expectations.

A reassuring aspect of our analysis is that despite the 
environment of imperfect knowledge and the associated
complexity of the economic environment, successful pol-
icy can be remarkably simple to implement and communi-
cate. We find that simple difference rules that do not
require any knowledge of the economy’s natural rates are
particularly well suited to ensure medium-run inflation
control when natural rates are highly uncertain. These rules
share commonalities with the simple robust strategy first
proposed by Wicksell (1936 [1898]), who, after defining
the natural interest rate, pointed out that precise knowledge
about it, though desirable, was neither feasible nor neces-
sary for policy implementation aimed toward maintaining
price stability.

This does not mean that the bank ought actually to 
ascertain the natural rate before fixing their own rates
of interest. That would, of course, be impracticable,
and would also be quite unnecessary. For the current
level of commodity prices provides a reliable test of
the agreement or diversion of the two rates. The pro-
cedure should rather be simply as follows: So long as
prices remain unchanged, the bank’s rate of interest
is to remain unaltered. If prices rise, the rate of in-
terest is to be raised; and if prices fall, the rate of in-
terest is to be lowered; and the rate of interest is
henceforth to be maintained at its new level until a
further movement in prices calls for a further
change in one direction or the other. . . .

In my opinion, the main cause of the instability of
prices resides in the instability of the banks to follow
this rule.5

Our analysis confirms that simple difference rules that
implicitly target the price level in the spirit of Wicksell
excel at tethering inflation expectations to the central
bank’s goal. In so doing, they achieve superior stabilization
of inflation and economic activity.

The remainder of the paper is organized as follows.
Section 2 describes the estimated model of the economy.
Section 3 lays out the model of perpetual learning and its
calibration. Section 4 analyzes key features of the model
under rational expectations and imperfect knowledge.
Section 5 examines the performance of alternative mone-
tary policy strategies, including our implementation of
inflation targeting. Section 6 concludes.

2. A Simple Estimated Model of the U.S. Economy

We use a simple estimated quarterly model of the U.S.
economy from Orphanides and Williams (2002), the core
of which consists of the following two equations:

(1) πt = φππ e
t+1 + (1 − φπ)πt−1

+ απ(ue
t − u∗

t ) + eπ,t,   eπ ∼ i.i.d.(0, σ 2
eπ

) ,

(2) ut = φuue
t+1 + χ1ut−1 + χ2ut−2 + χ3u∗

t

+ αu (ra
t−1 − r∗

t ) + eu,t ,   eu ∼ i.i.d.(0, σ 2
eu

) .

Here π denotes the annualized percent change in the ag-
gregate output price deflator, u denotes the unemployment
rate, u∗ denotes the (true) natural rate of unemploy-
ment, ra denotes the (ex ante) real interest rate with one-
year maturity, and r∗ the (true) natural real rate of interest.
The superscript e denotes the public’s expectations formed
during t − 1. This model combines forward-looking ele-
ments of the new synthesis model studied by Goodfriend
and King (1997), Rotemberg and Woodford (1999),
Clarida, Galí, and Gertler (1999), and McCallum and
Nelson (1999), with intrinsic inflation and unemployment
inertia as in Fuhrer and Moore (1995b), Batini and
Haldane (1999), Smets (2003), and Woodford (2003).

The “Phillips curve” in this model (1) relates inflation in
quarter t to lagged inflation, expected future inflation, and
expectations of the unemployment gap during the quarter,
using retrospective estimates of the natural rate discussed
below. The estimated parameter φπ measures the impor-
tance of expected inflation for the determination of
inflation. The unemployment equation (2) relates unem-
ployment in quarter t to the expected future unemploy-
ment rate, two lags of the unemployment rate, the natural
rate of unemployment, and the lagged real interest rate gap.
Here, two elements reflect forward-looking behavior: the
estimated parameter φu which measures the importance of5. Wicksell (1936 [1898] p. 189; emphasis in original).
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expected unemployment, and the duration of the real inter-
est rate, which serves as a summary of the influence of in-
terest rates of various maturities on economic activity. We
restrict the coefficient χ3 to equal 1 − φu − χ1 − χ2 so
that the equation can be equivalently written in terms of the
unemployment gap.

In estimating this model, we face the difficulty that 
expected inflation and unemployment are not directly ob-
served. Instrumental variable and full-information maxi-
mum likelihood methods impose the restriction that the
behavior of monetary policy and the formation of expecta-
tions be constant over time, neither of which appears ten-
able over the sample period that we consider (1969–2002).
Instead, we follow the approach of Roberts (1997) and use
survey data as proxies for expectations.6 In particular, we
use the median forecasts from the Survey of Professional
Forecasters from the prior quarter as the relevant expecta-
tions for determining inflation and unemployment in pe-
riod t ; that is, we assume expectations are based on
information available at time t − 1. We also employ first-
announced estimates of these series in our estimation, to
match the inflation and unemployment data as well as pos-
sible with the forecasts. Our primary sources for these data
are the Real-Time Dataset for Macroeconomists and the
Survey of Professional Forecasters, both currently main-
tained by the Federal Reserve Bank of Philadelphia
(Zarnowitz and Braun 1993, Croushore 1993, Croushore
and Stark 2001). Using least squares over the sample
1969:Q1 to 2002:Q2, we obtain the following estimates:

(3) πt = 0.540 π e
t+1 + 0.460 πt−1

(0.086) (−−)

− 0.341 (ue
t − u∗

t ) + eπ,t ,
(0.099)

SE R = 1.38 , DW = 2.09 ,

(4) ut = 0.257 ue
t+1 + 1.170 ut−1 − 0.459 ut−2

(0.084) (0.107) (0.071)

− 0.032 u∗
t + 0.043 (ra

t−1 − r∗
t ) + eu,t ,

(−−) (0.013)

SE R = 0.30 , DW = 2.08 .

The numbers in parentheses are the estimated standard er-
rors of the corresponding regression coefficients; SER is
the standard error of the regression and DW is the Durbin-
Watson statistic. (Dashes are shown under the restricted
parameters.) The estimated unemployment equation also
includes a constant term (not shown) that captures the aver-
age premium of the one-year Treasury bill rate we use for

estimation over the average of the federal funds rate, which
corresponds to the natural interest rate estimates we em-
ploy in the model. For simplicity, we do not model the evo-
lution of risk premiums. In the model simulations, we
impose the expectations theory of the term structure,
whereby the one-year rate equals the expected average of
the federal funds rate over four quarters.

2.1. Natural Rates

We assume that the true processes governing natural rates
in the economy follow highly persistent autoregressions.
Specifically, we posit that the natural rates follow

u∗
t = 0.01ū∗ + 0.99 u∗

t−1 + eu∗,t ,

r∗
t = 0.01r̄∗ + 0.99 r∗

t−1 + er∗,t ,

where ū∗ and r̄∗ denote the unconditional means of the 
natural rates of unemployment and interest, respectively.
The assumption that these processes are stationary is
justified by the finding, based on a standard augmented
Dickey-Fuller (ADF) test, that one can reject the null hy-
pothesis of nonstationarity of both the unemployment rate
and the ex post real federal funds rate over 1950–2003 at
the 5-percent level. To capture the assumed high persist-
ence of these series, we set the first-order autoregressive, or
AR(1), coefficient to 0.99 and then calibrate the innovation
variances to be consistent with estimates of time variation
in the natural rates in postwar U.S. data.

As discussed in Orphanides and Williams (2002), esti-
mates of the variances of the innovations to the natural
rates differ widely. Indeed, owing to the imprecision in 
estimates of these variances, the postwar U.S. data do 
not provide clear guidance regarding these parameters. 
We therefore consider three alternative calibrations 
of these variances, which we index by s . The case of
s = 0 corresponds to constant and known natural rates,
where σeu∗= σer∗ = 0. For the case of s = 1 , we as-
sume σeu∗ = 0.070 and σer∗= 0.085. These values imply
an unconditional standard deviation of the natural rate of
unemployment (interest) of 0.50 (0.60), which is in the low
end of the range of standard deviations of smoothed esti-
mates of these natural rates suggested by various estima-
tion methods (see Orphanides and Williams 2002 for
details). Finally, the case of s = 2 corresponds to the 
high end of the range of estimates, for which case we as-
sume σeu∗ = 0.140 and σer∗ = 0.170 . The relevant values
of s for many small open economies and transitional
economies may be even higher than estimates based 
on U.S. data, given the relative stability of the postwar 
U.S. economy.6. See also Rudebusch (2002) and Orphanides and Williams (2005c).
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2.2. Monetary Policy

We consider two classes of simple monetary policy rules.
First, we analyze versions of the Taylor rule (Taylor 
1993), where the level of the nominal interest rate is deter-
mined by the perceived natural rate of interest, r̂∗

t , the
inflation rate, and a measure of the level of the perceived 
unemployent gap (namely, the difference between the un-
employment rate and the perceived natural rate of 
unemployment, û∗

t ):

(5) it = r̂∗
t + π̄ e

t+ j + θπ (π̄ e
t+ j − π∗) + θu(u

e
t+k − û∗

t ) ,

where π̄ denotes the four-quarter average of the inflation
rate, π∗ is the central bank’s inflation objective, j is the
forecast horizon of inflation, and k is the forecast horizon
of the unemployment rate forecast. We consider a range 
of values for the forecast horizons from −1 , in which 
case policy responds to the latest observed data (for quar-
ter t − 1), to a forecast horizon up to three years into the
future. When policy is based on forecasts, we assume that
the central bank uses the same forecasts of inflation and the
unemployment rate that are available to private agents.

We refer to this class of rules as level rules because they
relate the level of the interest rate to the level of the unem-
ployment gap. Rules of this type have been found to per-
form quite well in terms of stabilizing economic
fluctuations, at least when the natural rates of interest and
unemployment are accurately measured. For our analysis,
we consider a variant of the Taylor rule that responds to the
unemployment gap instead of the output gap, recognizing
that the two are related by Okun’s (1962) law. In his 1993
exposition, Taylor examines response parameters equal to
0.5 for the inflation gap and the output gap, which, with an
Okun’s coefficient of 2.0, corresponds to setting θπ = 0.5
and θu = −1.0 .

If policy follows a level rule given by equation (5), then
the policy error introduced in period t by natural rate mis-
perceptions is given by 

(r̂∗
t − r∗

t ) − θu(û
∗
t − u∗

t ) .

Although unintentional, these errors could subsequently
induce undesirable fluctuations in the economy, worsening
stabilization performance. The extent to which mispercep-
tions regarding the natural rates translate into policy-
induced fluctuations depends on the parameters of the pol-
icy rule. As is evident from the above expression, policies
that are relatively unresponsive to real-time assessments of
the unemployment gap—that is, those with small θu —
minimize the impact of misperceptions regarding the natu-
ral unemployment rate.

As discussed in Orphanides and Williams (2002), one
policy rule that is immune to natural rate mismeasurement
of the kind considered here is a difference rule, in which
the change in the nominal interest rate is determined by the
inflation rate and the change in the unemployment rate:

(6) �it = θπ (π̄ e
t+ j − π∗) + θ�u�ut+k .

This rule is closely related to price-level targeting strate-
gies. It corresponds to the first difference of the rule that
would be obtained if the price level were substituted for
inflation in the level rule (5).7 This policy rule is as simple,
in terms of the number of parameters, as the original for-
mulation of the Taylor rule. However, the difference rule is
simpler to communicate and implement in practice than
the Taylor rule because it does not require knowledge of
the natural rates of interest or unemployment. Policy
guided by a difference rule can thus be more transparent
than policy guided by a level rule.

3. Perpetual Learning

Expectations play a central role in determining inflation,
the unemployment rate, and the interest rate in the model.
We consider two alternative models of expectations forma-
tion. One model, used in most monetary policy research, is
rational expectations, that is, expectations that are consis-
tent with the model. The second model is one of perpetual
learning, where agents continuously reestimate a forecast-
ing model and form expectations using that model.

In the case of learning, we follow Orphanides and
Williams (2005c) and posit that agents obtain forecasts for
inflation, unemployment, and interest rates by estimating a
restricted vector autoregression (VAR) corresponding to
the reduced form of the rational expectations equilibrium
with constant natural rates. We assume that this VAR is es-
timated recursively with constant-gain least squares.8 Each
period, agents use the resulting VAR to construct one-step-
ahead and multi-step-ahead forecasts. This learning model
can be justified in two ways. First, in practice agents are
working with finite quantities of data, and the assumption
of rational expectations only holds in the distant future
when sufficient data have been collected. Alternatively,
agents may allow for the possibility of structural change

7. For related policy rule specifications, see Judd and Motley (1992),
Fuhrer and Moore (1995a), and Orphanides (2003a). See also
Orphanides and Williams (2002, 2005b) for analyses of a generalization
that nests the level rule (5) and difference rule (6).

8. Sargent (1993, 1999) and Evans and Honkapohja (2001) discuss
properties of constant-gain learning.
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and therefore place less weight on older data, in which case
learning is a never-ending process.

Specifically, let Yt denote the 1 × 3 vector consisting of
the inflation rate, the unemployment rate, and the federal
funds rate, each measured at time t : Yt = (πt , ut , it ) . 
Let Xt be the j × 1 vector of a constant and lags of Yt

that serve as regressors in the forecast model. The precise
number of lags of elements of Yt that appear in Xt may 
depend on the policy rule. For example, consider the differ-
ence rule (6) when policy responds to the three-quarter-
ahead forecast of inflation, j = 3 , and the lagged change
in the unemployment rate, k = −1 . (This is one of the
policies for which we present detailed simulation results
later on). In this case, two lags of the unemployment 
rate and one lag each of inflation and the interest rate
suffice to capture the reduced-form dynamics under 
rational expectations with constant natural rates, so
Xt = (1, πt−1, ut−1, ut−2, it−1)

′ .
The recursive estimation can be described as follows:

Let ct be the j × 3 vector of coefficients of the forecasting
model. Then, using data through period t , the parameters
for the constant-gain least squares forecasting model can
be written as

(7) ct = ct−1 + κ R−1
t Xt (Yt − X ′

t ct−1) ,

(8) Rt = Rt−1 + κ(Xt X ′
t − Rt−1) ,

where κ > 0 is a small constant gain.
This algorithm estimates all parameters of the agent’s

forecasting system and does not explicitly incorporate any
information regarding the central bank’s numerical in-
flation objective. Later, we introduce this element of
inflation targeting by positing that the announcement and
explicit commitment to a quantitative inflation target 
simplifies the agent’s forecasting problem by reducing 
by one the number of parameters requiring estimation and
updating.

A key parameter for the constant-gain learning algo-
rithm is the updating rate κ. To calibrate the relevant range
for this parameter, we examined how well different values
of κ fit the expectations data from the Survey of Pro-
fessional Forecasters (SPF), following Orphanides and
Williams (2005c). To examine the fit of the SPF, we gener-
ated a time series of forecasts using a recursively estimated
VAR for the inflation rate, the unemployment rate, and the
federal funds rate. In each quarter we reestimated the
model using all historical data available during that quarter
(generally from 1948 through the most recent observation).
We allowed for discounting of past observations by using
geometrically declining weights. This procedure resulted
in reasonably accurate forecasts of inflation and unemploy-
ment, with root mean squared errors (RMSE) comparable

to the residual standard errors from the estimated structural
equations (3) and (4). We found that discounting past data
with values for κ in the range 0.01 to 0.04 yielded fore-
casts closer to the SPF, on average, than the forecasts ob-
tained with lower or higher values of κ . Milani (2005) 
finds a similar range of values in an estimated dynamic sto-
chastic general-equilibrium (DSGE) model with learning.
In light of these results, we consider three alternative cali-
brations of the gain, κ = {0.01, 0.02, 0.03} , with κ = 0.02
serving as a “baseline” value.9 As in the case of natural 
rate variation, the relevant values of κ may be higher for
small open economies and transitional economies than 
for the U.S. data, owing to the relative stability of the post-
war U.S. economy.

Given this calibration of the model, this learning mecha-
nism represents a relatively modest deviation from rational
expectations and yields reasonable forecasts. Indeed,
agents’ average forecasting performance in the model is
close to the optimal forecast.

3.1. Central Bank Learning

In the case of level rules, policymakers need a procedure to
compute real-time estimates of the natural rates. If policy-
makers knew the true data-generating processes governing
the evolution of natural rates, they could use this knowl-
edge to design the optimal estimator. In practice, however,
considerable uncertainty surrounds these processes, and
the optimal estimator for one process may perform poorly
if the process is misspecified. Williams (2005) shows that a
simple constant-gain method to update natural rate esti-
mates based on the observed rates of unemployment and
(ex post) real interest rates is reasonably robust to natural
rate model misspecification. We follow this approach and
assume that policymakers update their estimates of natural
rates using simple constant-gain estimators given by the
following equations:

r̂∗
t = r̂∗

t−1 + 0.005(it−1 − πt−1 − r̂∗
t−1) ,

û∗
t = û∗

t−1 + 0.005(ut−1 − û∗
t−1) .

4. Effects of Imperfect Knowledge 
on Economic Dynamics

We first present some simple comparisons of the econ-
omy’s behavior under rational expectations with known
natural rates and under learning with time-varying and 

9. The value κ = 0.02 is also in line with the discounting that Sheridan
(2003) finds to best explain the inflation expectations data reported in
the Livingston Survey.
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unobservable natural rates. Under learning, the economy 
is governed by nonlinear dynamics, so we use numerical
simulations to illustrate the properties of the model econ-
omy, conditional on the policymaker following a specific
policy rule.

4.1. Simulation Methodology

In the case of rational expectations with constant and
known natural rates, we compute all model moments and
impulse responses numerically as described in Levin,
Wieland, and Williams (1999). In all other cases, we com-
pute approximations of the unconditional moments and
impulse responses using simulations of the model.

For model stochastic simulations used to compute esti-
mates of unconditional moments, the initial conditions for
each simulation are given by the rational expectations equi-
librium with known and constant natural rates.
Specifically, all model variables are initialized to their
steady-state values, assumed without loss of generality to
be zero. The central bank’s initial perceived levels of the
natural rates are set to their true values, likewise equal to
zero. Finally, the initial values of the c and R matrices 
describing the private agents’ forecasting model are ini-
tialized to their respective values, which correspond to the
reduced form of the rational equilibrium solution to 
the structural model assuming constant and known 
natural rates.

Each period, innovations are generated from Gaussian
distributions, with variances reported above. The innova-
tions are serially and contemporaneously uncorrelated. For
each period, the structural model is simulated, the private
agent’s forecasting model is updated (resulting in a new set
of forecasts), and the central bank’s natural rate estimate is
updated. To estimate model moments, we simulate the
model for 41,000 periods and discard the first 1,000 peri-
ods to mitigate the effects of initial conditions. We com-
pute the unconditional moments from sample root mean
squares from the remaining 40,000 periods (10,000 years)
of simulation data.10

The private agents’ learning process injects a nonlinear
structure into the model, which may generate explosive be-
havior in a stochastic simulation of sufficient length for
some policy rules that would have been stable under ra-
tional expectations. One source of instability stems from
the possibility that the forecasting model itself may be-

come unstable. We take the view that private forecasters re-
ject unstable models in practice. Each period of the simula-
tion, we compute the maximum modulus root of the fore-
casting VAR excluding the constants. If the modulus of this
root falls below the critical value of one, the forecasting
model is updated as described above; if not, we assume that 
the forecasting model is not updated and the c and R ma-
trices are held at their respective previous-period values.11

Stability of the forecasting model is not sufficient to 
ensure stability in all simulations. We therefore impose a
second condition that restrains explosive behavior. In 
particular, if the inflation rate or the unemployment gap ex-
ceeds, in absolute value, five times its respective uncondi-
tional standard deviation (computed under the assumption
of rational expectations and known and constant natural
rates), then the variable that exceeds this bound is con-
strained to equal the corresponding limit in that period.
These constraints on the model are sufficient to avoid ex-
plosive behavior for the exercises that we consider in this
paper; they are rarely invoked for most of the policy rules
we study, particularly for optimized policy rules.

For impulse responses, we first compute an approxima-
tion of the steady-state distribution of the model state vec-
tor by running a stochastic simulation of 100,000 periods.
We then draw 1,001 sample state vectors from this distribu-
tion and compute the impulse response function for each of
these draws. From these 1,001 impulse response functions,
we compute an estimate of the distribution of the model
impulse response functions.

4.2. Impulse Responses

We use model impulse responses to illustrate the effects of
learning on macroeconomic dynamics. For this purpose, let
monetary policy follow a level policy rule similar to that
proposed by Taylor (1993), with θπ = 0.5 and θu = −1 ,
where the inflation forecast horizon is three quarters 
ahead ( j = 3) and that of the unemployment rate is the
last observed quarter (that is, k = −1).

Figure 1 compares the impulse responses of inflation,
the nominal interest rate, and the unemployment rate to
one-standard-deviation shocks to inflation and unemploy-
ment under perfect knowledge (that is, rational expecta-
tions with known natural rates) with the corresponding
impulse responses under imperfect knowledge with time
variation in the natural rates, s = 1 , and perpetual learning
with gain κ = 0.02 . Each period corresponds to one 
quarter. Under learning, the impulse responses to a spe-

10. Simulations under rational expectations, in which we can compute
the moments directly, indicate that this sample size is sufficient to yield
very accurate estimates of the unconditional variances. Testing further
indicates that 1,000 periods are sufficient to remove the effects of initial
conditions on simulated second moments.

11. We chose this critical value so that the test would have a small effect
on model simulation behavior while eliminating explosive behavior in
the forecasting model.
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cific shock vary with the state of the economy and the 
state of beliefs governing the formation of expectations. 
In other words, the responses vary with the initial condi-
tions, {X, c, R} , at the time the shock occurs. To summa-
rize the range of possible outcomes in the figure, we plot
the median and the 70-percent range of the distribution of
impulse responses, corresponding to the stationary distri-
bution of {X, c, R}. Under rational expectations, the re-
sponses are invariant to the state of the economy.

The dynamic impulse responses to a specific shock ex-
hibit considerable variation under learning. Furthermore,
the distribution of responses is not symmetric around the
impulse response that obtains under rational expectations.
For example, the impulse responses of inflation and unem-
ployment to an inflation shock are noticeably skewed in a
direction that yields greater persistence. This persistence
may be quite extreme with some probability, indicating
that transitory shocks can have very long-lasting effects
under learning.

4.3. Macroeconomic Variability and Persistence

Perpetual learning provides a powerful propagation mech-
anism for economic shocks in the economy, resulting in

greater volatility and persistence. We present a summary
comparison of the asymptotic variances and persistence for
this experiment in Table 1, which includes the full range of
natural range variation and values of κ that we consider
here. Learning on the part of the public increases the vari-
ability and persistence of key macroeconomic variables.
Even in the absence of natural rate misperceptions (the
case of s = 0), shocks to inflation and unemployment en-
gender time variation in private agents’ estimates of the
VAR used for forecasting. This time variation in the VAR
coefficients adds persistent noise to the economy relative to
the perfect-knowledge benchmark. As a result, the uncon-
ditional variances and the serial correlations of inflation,
unemployment, and the interest rate rise under learning.
These effects are larger for higher values of κ, for which
the sensitivity of the VAR coefficients to incoming data 
is greater.

The presence of natural rate variation amplifies the ef-
fects of private sector learning on macroeconomic variabil-
ity and persistence. Under rational expectations and the
Taylor rule, time-varying natural rates and the associated
misperceptions increase the variability of inflation, but
have relatively little effect on the variability of the unem-
ployment gap and interest rates. Nevertheless, the combi-
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nation of private sector learning and natural rate variation
(and misperceptions) can dramatically increase macroeco-
nomic variability and persistence. For example, under the
Taylor rule, the standard deviation of the unemployment
gap rises from 0.87 percent under rational expectations
with constant natural rates to 1.11 percent under learning
with s = 1 and κ = 0.02 . For inflation, the increase in the
standard deviation is even more dramatic, from 2.93 per-
cent to 4.35 percent. The first-order autocorrelation of the
unemployment gap rises from 0.88 to 0.92 and that of
inflation rises from 0.81 to 0.90. The presence of natural
rate variation and misperceptions interferes with the pub-
lic’s ability to forecast inflation, unemployment, and inter-
est rates accurately. These forecasting errors contribute to a
worsening of macroeconomic performance.

4.4. Excess Sensitivity 
of Long-Horizon Expectations

The adaptive learning algorithm that economic agents em-
ploy to form expectations under imperfect knowledge in
our model also allows us to investigate the behavior of
long-horizon expectations. This allows examination of 
the apparent excess sensitivity of yields on long-run gov-
ernment bonds to shocks—a phenomenon that appears
puzzling in standard models when knowledge is perfect.
Shiller (1979) and Mankiw and Summers (1984) point out
that long-term interest rates appear to move in the same di-
rection following changes in short-term interest rates and
to overreact relative to what would be expected if the ex-
pectations hypothesis held and expectations were assumed
to be rational. Changes in the federal funds rate generally

cause long-term interest rates to move considerably and in
the same direction (Cook and Hahn 1989, Roley and
Sellon 1995, Kuttner 2001). Kozicki and Tinsley (2001a,
b), Cogley (2005), and Gürkaynak, Sack, and Swanson
(2005) suggest that this sensitivity could be attributed to
movements in long-run inflation expectations that differ
from those implied by standard linear rational expectations
macroeconomic models with fixed and known parameters.

Learning-induced expectations dynamics provide a po-
tential explanation for these phenomena.12 Figure 2 shows
the one-, two-, and ten-year-ahead forecasts of the inflation
and nominal interest rates from the impulse response to a
one-standard-deviation inflation shock, based on the same
shocks used in computing Figure 1; Figure 3 shows the
same for a one-standard-deviation shock to the unemploy-
ment rate. These measure the annualized quarterly inflation
or interest rate expected to prevail n quarters in the future,
not the average inflation or interest rate over the next n
quarters. These forward rates are computed by projecting
ahead using the agents’ forecasting model. Under perfect
knowledge, inflation is expected to be only a few basis
points above baseline two years after the shock, and expec-
tations of inflation ten years in the future are nearly un-
moved. The same pattern is seen in forward interest rates.

In contrast to the stability of longer-run expectations
found under perfect knowledge, the median response under
imperfect knowledge shows inflation and interest rate ex-
pectations at the two- and ten-year horizons rising by
nearly 10 basis points in response to a transitory inflation
shock. Moreover, the excess sensitivity of longer-run
inflation expectations to transitory shocks exhibited by the
median response is on the lower end of the 70-percent
range of impulse responses, indicating that the response of
longer-run expectations is, on average, even larger and de-
pends crucially on the conditions in which the shock oc-
curs. Indeed, under unfavorable conditions, the inflation
expectations process can become unmoored for an ex-
tended period. Such episodes correspond to endogenously
generated “inflation scares” and are similar to historical
episodes for the United States described in Goodfriend
(1993). In these episodes, inflation expectations and long-
term interest rates appear to react excessively and persist-
ently to some event that would not warrant such a reaction
if expectations were well anchored.

These results also serve to highlight one of the crucial
concerns regarding the behavior of expectations that the
practice of inflation targeting attempts to address and that
cannot appear in an environment of rational expectations

Table 1
Performance under the Taylor Rule

Expectations
Standard deviation First-order 

autocorrelation

s π u − u∗ �i π u − u∗ i

RE 0 2.93 0.87 2.33 0.81 0.88 0.78
1 3.22 0.88 2.35 0.84 0.88 0.82
2 3.94 0.89 2.39 0.89 0.88 0.89

κ = 0.01 0 3.29 0.93 2.57 0.84 0.89 0.81
1 4.16 1.10 2.89 0.89 0.92 0.86
2 5.00 1.22 3.10 0.93 0.93 0.89

κ = 0.02 0 3.66 0.99 2.80 0.86 0.90 0.83
1 4.35 1.11 3.01 0.90 0.92 0.87
2 5.21 1.24 3.29 0.93 0.93 0.89

κ = 0.03 0 3.95 1.04 3.00 0.87 0.91 0.84
1 4.57 1.15 3.22 0.90 0.92 0.87
2 5.37 1.29 3.48 0.92 0.93 0.89

12. Orphanides and Williams (2005a) and Beechey (2004) analyze the
reaction of the term structure of expectations to news in the presence of
perpetual learning.
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Figure 2
Impulse Responses to Inflation Shock under the Taylor Rule: it = r̂∗
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with perfect knowledge. Under perfect conditions, expec-
tations always remain well anchored.

5. Implications for Monetary Policy Design

This section explores the ways in which monetary policy
can be improved in an environment of imperfect knowl-
edge. We consider three issues, all of which are closely re-
lated key characteristics of inflation targeting. First, we
compare the performance of the economy under the level
policy rule framework and under the easier to communi-
cate and more transparent difference policy framework. As
we discuss, the difference rule strategy appears superior for
ensuring achievement of the policymakers’ inflation objec-
tive, especially in an environment with uncertainty regard-
ing natural rates—a situation in which level rules that rely
on “gaps” from natural rate concepts for policy implemen-
tation run into substantial difficulties. Next, we consider
the optimal horizon for expectations of inflation and unem-
ployment rates to which policy reacts in the policy rule, as
well as some robustness characteristics of policy under al-
ternative preferences for inflation stabilization versus stabi-
lization of real economic activity. Finally, we turn to the
role of communicating an explicit numerical long-run
inflation objective to the public for the performance of the
economy under alternative policies.

To facilitate comparisons, we compare the performance
of the economy using a loss function as a summary statis-
tic. Specifically, we assume that the policymakers’ objec-
tive is to minimize the weighted sum of the unconditional
variances of inflation, the unemployment gap, and the
change in the nominal federal funds rate:

(9) L = V ar(π − π∗) + λV ar(u − u∗) + νV ar(�(i)),

where V ar(x) denotes the unconditional variance of vari-
able x . As a benchmark, we consider λ = 4 and ν = 1 ,
but we also consider alternatives for the relative weight of
real-activity stabilization, λ . (Note that λ = 4 = 22 corre-
sponds to the case of equal weights on inflation and output
gap variability—based on Okun’s law with coefficient 2.)

5.1. Comparing the Level and 
Difference Rule Approaches

Up to this point, we have assumed that policy follows a
specific formulation of the Taylor rule. As emphasized in
Orphanides and Williams (2002), such policies are particu-
larly prone to making errors when there is considerable un-
certainty regarding natural rates. In particular, persistent
misperceptions of the natural unemployment or interest
rates translate into persistent deviations of inflation from its

target value. Perpetual learning on the part of economic
agents amplifies the effect of such errors and further com-
plicates the design of policy. It is thus instructive to also
study alternative monetary policy rules that are robust to
natural rate misperceptions and are therefore better de-
signed for achieving medium-run inflation stability as in an
inflation-targeting framework.

We start by examining more closely the performance of
alternative parameterizations of the Taylor rule. Figure 4
presents iso-loss contours of the economy with the above
loss function for alternative parameterizations of the level
rule with j = 3 and k = −1 :

(10) it = r̂∗
t + π̄ e

t+3 + θπ (π̄ e
t+3 − π∗) + θu(u

e
t−1 − û∗

t ) .

Panel A shows the loss under rational expectations with
constant natural rates, referred to in this discussion as per-
fect knowledge, while the other panels show the loss under
learning with κ = 0.02 and time-varying natural rates for
values of s = {0, 1, 2}. In each panel, the horizontal axis
shows the value of the inflation response, θπ, and the verti-
cal axis shows the value of the unemployment response, θu.
The contour charts are constructed by computing the loss
for each pair of policy rule coefficients along a grid. The
contour surface traces the losses corresponding to the val-
ues of these response coefficients. The coordinates corre-
sponding to the minimum loss (marked with an X) identify
the optimal parameters, among the set of values along the
grid that we evaluated, for the underlying rule.13 Thus,
from panel A , the optimal level rule under perfect knowl-
edge is given by: 

it = r̂∗
t + π̄ e

t+3+0.6(π̄ e
t+3 − π∗)−3.2(ut−1 − û∗

t ) .

The level rule optimized under the assumption of perfect
knowledge is not robust to uncertainty regarding the for-
mation of expectations or natural rate variation. Compari-
son of panels B and D, for example, indicates that if the
optimal level policy under perfect knowledge were imple-
mented when the economy is governed by s = 1 and
κ = 0.02 , the loss would be very high relative to the loss
associated with the best policy under learning. (The same
is true for the classic Taylor rule, with θπ = 0.5 and
θu = −1.0 .) One problem with the optimal level rule under
perfect knowledge is that policymaker misperceptions of

13. In constructing the loss contour charts, we only evaluate the losses
along the points of the grid. Thus, the minima reported in the charts are
approximate and do not correspond precisely to the true minimum val-
ues. In cases where the true optimal policy rule coefficients lie near the
midpoint between two grid points, the true optimal policy will yield a
loss that may be slightly lower than that reported in the chart, even after
rounding to one decimal place.
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Figure 4
Performance of the Level Rule: it = r̂∗

t + π̄ e
t+3 + θπ(π̄ e
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t )
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the natural rates of interest and unemployment translate
into persistent overly expansionary or contractionary pol-
icy mistakes. In such circumstances, the policy rule’s rather
timid response to inflation is insufficient to contain
inflation expectations near the policymakers’ target. This is
seen in the autocorrelation of inflation, shown in contour
plots in Figure 5. The combination of private sector learn-
ing and natural rate misperceptions yield an auto-
correlation of inflation dangerously close to unity when the
optimal policy under perfect knowledge is followed.

Level rules of this type entail a trade-off between 
achieving optimal performance in one model specification
and being robust to model misspecification. We have
shown that the optimal rule under perfect knowledge 
is not robust to the presence of imperfect knowledge. 
For our benchmark case with imperfect knowledge, s = 1
and κ = 0.02 , a rule with response coefficients close 
to θπ = 1.5 , θu = −1.5 would be best in this family. The
greater responsiveness to inflation in this parameterization
proves particularly helpful for improving economic stabil-
ity here, but this policy performs noticeably worse if
knowledge is, in fact, perfect.

Next we turn to the alternative policy that avoids 
gaps from natural concepts altogether. Figure 6 presents
comparable iso-loss contours for the difference rule (6)
with j = 3 and k = −1 :

(11) it = it−1 + θπ (π̄ e
t+3 − π∗) + θ�u�ut−1 .

The structure of this figure is comparable to Figure 4, ex-
cept that here, the vertical axis in each panel reflects 
the responsiveness to the change in unemployment, θ�u .
Comparing Figure 6 with Figure 4 suggests that the differ-
ence rule generally yields superior performance, especially
when knowledge is imperfect. Furthermore, in sharp con-
trast to the level rule optimized assuming perfect knowl-
edge, the difference rule optimized assuming perfect
knowledge appears to be robust to learning and natural rate
variation. A difference rule with a response coefficient to
inflation of about 1 and to the change in the unemployment
rate of about −3 is nearly optimal under both perfect and
imperfect knowledge. Indeed, the loss surface is relatively
flat in the region of parameters close to this policy.14 By
avoiding policy mistakes related to natural rate mispercep-
tions, this rule keeps inflation—and thereby inflation ex-

pectations—under tight control despite the presence of im-
perfect knowledge.

To demonstrate how the economy behaves under imper-
fect knowledge with a well-designed difference rule,
Figures 7, 8, and 9 present impulse responses for the differ-
ence rule with θπ = 1 , θ�u = −3 . The three figures are
directly comparable to the impulse responses for the Taylor
rule shown earlier in Figures 1, 2, and 3. These responses
exhibit some overshooting and secondary cycling, as is
typical of difference rules. The resulting loss, however, 
is significantly lower than that resulting under the level
rules that may not exhibit such oscillations. In contrast to
the impulse responses under the Taylor rule, the 70-percent
range of impulse responses under the difference rule shown
in these figures is much tighter and concentrated around
the impulse response under perfect knowledge. This serves
to demonstrate the relative usefulness of this strategy for
mitigating the role of imperfect knowledge in the economy.
In particular, Figures 8 and 9 show that even without incor-
porating explicit information about the policymakers’ ob-
jective in the formation of expectations, this policy rule
succeeds in anchoring long-horizon expectations, espe-
cially of inflation, under imperfect knowledge.

5.2. Forecast Horizons

Throughout the analysis so far, we have assumed that the
policy rule responds to expected inflation at a three-
quarter-ahead horizon and to the lagged unemployment
rate or the lagged change in the unemployment rate. We
also explicitly examine the choice of horizon for the class
of difference rules. We find that under perfect knowledge,
an outcome-based difference rule that responds to lagged
inflation and unemployment performs about as well as for-
ward-looking alternatives, consistent with the findings of
Levin, Wieland, and Williams (2003). Under imperfect
knowledge, however, an optimized difference rule that re-
sponds to the three-quarter horizon for expected inflation
outperforms its outcome-based counterpart. As discussed
in Orphanides and Williams (2005a), under learning,
inflation expectations represent an important state variable
for determining actual inflation that is not collinear 
with lagged inflation. Expected inflation can thus be a
more useful summary statistic for inflation in terms of 
a policy rule.15

14. In Orphanides and Williams (2006), we compute the optimal
Bayesian policy assuming equal weights across the specifications of
learning and natural rate variability considered here. We find that a dif-
ference rule with θπ = 1.1 and θ�u = 2.6 is remarkably robust to un-
certainty regarding the degree of imperfect knowledge.

15. Using a simpler model, Orphanides and Williams (2005a) show that
with certain parameterizations of the loss function, it is better to respond
to actual inflation, while in others, it pays to respond to expected
inflation. A hybrid rule that responds to both actual and expected
inflation outperforms either type of simple rule that responds to one or
the other.
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The inflation forecast horizon in the policy rule should
not be too far in the future. Rules that respond to inflation
expected two or more years ahead generally perform very
poorly. Such rules are prone to generating indeterminacy,
as discussed by Levin, Wieland, and Williams (2003). In
contrast to inflation, the optimal horizon for the change in
the unemployment rate is −1 , meaning that policy should
respond to the most recent observed change in unemploy-
ment (that is, for the previous quarter), as opposed to a
forecast of the change in the unemployment rate in subse-
quent periods.

5.3. Alternative Preferences

Next, we explore the sensitivity of the simple policy rules
we advocate as a benchmark for successful policy imple-
mentation to the assumed underlying policymaker prefer-
ences. In our benchmark parameterization, we examined
preferences with a unit weight on inflation variability and a
weight, λ = 4 , on unemployment variability, noting that
from Okun’s law this implies equal weights on inflation
and output gap variability. As with various other aspects of
the policy problem we examine, however, it is unrealistic to
assume that policymakers can have much confidence in the
appropriate relative weights they should attach to inflation
and employment stabilization in the economy from a pub-

lic welfare perspective. It is therefore important to know
whether a policy under consideration performs well across
a range of reasonable alternative preferences. Indeed, ro-
bustness to such a range of preferences appears to be es-
sential for successful implementation of inflation targeting
in practice.

Figures 10 and 11 present the iso-loss contours of the
benchmark difference rule with weights λ = 1 and λ = 8 ,
respectively, comparable to that in Figure 6 with λ = 4 .
The iso-loss contours associated with placing greater em-
phasis on price stability (Figure 10) or employment stabil-
ity (Figure 11) suggest that policies derived based on our
benchmark loss function would do rather well under either
alternative. This speaks well for the robustness of our
benchmark difference rules as guides for policy, as a robust
policy guide ought to perform well across a range of rea-
sonable alternative preferences.

5.4. Explicit Numerical Inflation Objective

The policy features we have described so far may be im-
portant not only for characterizing policy under inflation
targeting, but also for characterizing policy for non-
inflation-targeting central banks that may not have an ex-
plicit quantitative inflation target but still recognize the
value of price stability and well-anchored inflation expec-

Figure 7
Impulse Responses under the Difference Rule: it = it−1 + 1 (π̄ e

t+3 − π∗) − 3 �ut−1
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Figure 8
Impulse Responses to Inflation Shock under the Difference Rule: it = it−1 + 1 (π̄ e

t+3 − π∗) − 3 �ut−1
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Figure 9
Impulse Responses to Unemployment Shock under the Difference Rule: it = it−1 + 1 (π̄ e

t+3 − π∗) − 3 �ut−1
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tations for fostering overall economic stability. This section
examines what is arguably the most important distinguish-
ing characteristic of inflation targeting, relative to alterna-
tive policy frameworks—namely, the specification of an
explicit numerical inflation objective.

As in Orphanides and Williams (2004, 2005a), we for-
malize this element of transparency by positing that the an-
nouncement of an explicit target is taken at face value by
economic agents, who incorporate this information directly
into their recursive forecasting algorithm. We implement
the idea of a known numerical inflation target by modify-
ing the learning model that agents use in forecasting to
have the property that inflation asymptotically returns to
target. No other changes are made to the model or the

learning algorithm. In essence, with a known inflation tar-
get, agents need to estimate one fewer parameter in their
forecasting model for inflation than they would need to do
if they did not know the precise numerical value of the cen-
tral bank’s inflation objective. More precisely, we assume
that agents estimate reduced-form forecasting equations
for the unemployment rate and the inflation rate, just as be-
fore. We then solve the resulting two-equation system for
its steady-state values of the unemployment rate and the in-
terest rate, assuming that the steady-state inflation rate
equals its target value. We modify the forecasting equation
for the interest rate by subtracting the steady-state values of
each variable from the observed values on both sides of the
equation and by eliminating the constant term. This equa-

Figure 10
Performance of the Difference Rule with Greater Emphasis on Inflation Stability (λ = 1):
it = it−1 + θπ(π̄ e

t+3 − π∗) + θ�u�ut−1
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Figure 11
Performance of the Difference Rule with Greater Emphasis on Employment Stability (λ = 8):
it = it−1 + θπ(π̄ e

t+3 − π∗) + θ�u�ut−1
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tion is estimated using the constant-gain algorithm. The 
resulting three-equation system has the property that
inflation asymptotically goes to target. This system is used
for forecasting as before.

To trace the role of a known target in the economy under
alternative policy rules, we compute impulse responses
corresponding to the same policy rules examined earlier.
Figure 12 shows the impulse responses to the inflation and
unemployment shocks for the classic parameterization of
the Taylor rule, assuming that the central bank has commu-
nicated its inflation objective to the public. Compared with
Figure 1, the responses of inflation under imperfect knowl-
edge are more tightly centered around the responses under
perfect knowledge. The differences are more noticeable
when we examine long-run inflation expectations. Figures
13 and 14 show the impulse responses of longer-run
inflation and interest rate expectations, following the for-
mat of Figures 2 and 3. The communication of an explicit
numerical inflation objective yields a much tighter range of
responses of longer-run inflation expectations, centered
around the actual target. Absent here is the upward bias in
the response of inflation expectations evident when agents
do not know the target. Interestingly, although knowledge

of the long-term inflation objective anchors long-term
inflation expectations much better, it is unclear whether
this translates to a much reduced sensitivity of forward in-
terest rates to economic shocks.16

Figures 15, 16, and 17 show the impulse responses cor-
responding to the difference rule specified as above and as-
suming the central bank has successfully communicated its
objective to the public as described above. Short-run ex-
pectations tend to cluster around those that obtain under
perfect knowledge. The median responses are remarkably
close to those under rational expectations, and the 70 
percent ranges tend to be quite narrow, especially for infla-
tion. Long-horizon inflation expectations are extremely
stable under the difference rule coupled with an explicit
numerical inflation objective. For instance, the behavior of 

Figure 12
Impulse Responses with Known π∗ under the Taylor Rule: it = r̂∗
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16. These comparisons, however, are based on the assumption that fore-
casts of these rates are governed by the same learning process governing
the expectations for inflation and economic activity at shorter horizons
that matter for the determination of economic outcomes in the model. If,
instead, the long-horizon interest rate expectations embedded in finan-
cial markets reflect additional knowledge, it could result in smaller devi-
ations from the perfect-knowledge benchmark than those presented here.
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Figure 13
Impulse Responses to Inflation Shock with Known π∗ under the Taylor Rule:
it = r̂∗

t + π̄ e
t+3 + 0.5(π̄ e

t+3 − π∗) − (ut−1 − û∗
t )
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Figure 14
Impulse Responses to Unemployment Shock with Known π∗ under the Taylor Rule:
it = r̂∗
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ten-year-ahead inflation expectations is virtually indistin-
guishable from what would be expected under perfect
knowledge. Forward interest rates, however, continue to
show some small movements.

These impulse responses suggest that the expected
benefits of announcing an explicit inflation target may be
quite different depending on the policy rule in place. In
terms of anchoring long-horizon inflation expectations, for
example, the benefits of a known target seem considerably
larger if policy follows the classic parameterization of the
Taylor rule than if policy is based on a well-designed dif-
ference rule. The extent of these benefits also depends on
the precise degree of imperfections in the economy (that is,
the learning rate, κ , and variation in natural rates, s , in our
model). In the limiting case of rational expectations, for in-
stance, the “announcement” of the policymaker’s target in
our model does not make any difference at all, since agents
already know the policymaker’s preferences and objec-
tives, by assumption.

To provide a clearer picture of the stabilization benefits
of a known inflation target in an environment of imperfect
knowledge, we compare the performance of an economy
with a known target to that with an unknown target for a
given set of policies.

Table 2 presents this comparison when expectations are
formed with our benchmark learning rate, κ = 0.02 . In
panel A , we present the results for the classic Taylor rule
with θπ = 0.5 and θu = −1.0 , whose properties under
learning without a known inflation target were examined 
in detail in Section 4. In panel B, we present the results 
for the level rule with θπ = 1.5 and θu = −1.5 , 
which performs best within this family of level rules 
when κ = 0.02 and s = 1 . In panel C, we present com-
parable results for the difference rule with θπ = 1
and θ�u = −3 , which performs well even under learning
with an unknown inflation target.

The economy’s stabilization performance uniformly im-
proves with a known inflation target under all three rules.
Successful communication of an inflation target results in a
modest reduction in the persistence of inflation. In addi-
tion, for each rule, the variability of inflation, real activity,
and interest rates is smaller when the central bank success-
fully communicates its numerical inflation objective to the
public. The extent of this improvement varies considerably,
however. The gains of making the target known appear
substantial under the classic Taylor rule. A more modest re-
duction in volatility is evident for the more aggressive level
rule, while the gains associated with a known target are

Figure 15
Impulse Responses with Known π∗ under the Difference Rule: it = it−1 + (π̄ e

t+3 − π∗) − 3�ut−1
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Figure 16
Impulse Responses to Inflation Shock with Known π∗ under the Difference Rule: it = it−1 + (π̄ e

t+3 − π∗) − 3�ut−1
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Figure 17
Impulse Responses to Unemployment Shock with Known π∗ under the Difference Rule:
it = it−1 + (π̄ e
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quite small when policy is based on the more robust differ-
ence rule. These results suggest that the improvement asso-
ciated with successfully communicating a target can be
rather small, compared with the improvement that could 
be expected from adopting the other elements of robust
policies. For example, abandoning policy based on even
the best parameterization of the level rule in favor of the ro-
bust difference rule yields a larger benefit than communi-
cating a numerical inflation objective while continuing to
follow a level rule.

6. Conclusion

Inflation targeting has been a very popular strategy among
central banks, particularly in small open economies.
Researchers have struggled, however, to pin down exactly
what inflation targeting means in terms of an imple-
mentable policy rule. To some, the Taylor rule, or any mon-
etary policy rule with a fixed long-run inflation target, is a
form of inflation targeting; to others, inflation targeting is
identified with solving a central bank optimization prob-
lem in a rational expectations model. One shortcoming of
these approaches is that they abstract from the very cause
that gave rise to inflation targeting in the first place: the loss
of a nominal anchor that transpired under previous policy
regimes in many countries.

This paper has attempted to put inflation-targeting strat-
egy back into the context in which it was born—namely,
one in which inflation expectations can endogenously drift
away from the central bank’s goal. We assume that private
agents and the central bank have imperfect knowledge of
the economy; in particular, private agents attempt to infer
the central bank’s goals and reactions through past actions.
In such an environment, key characteristics of inflation tar-
geting in practice—including transparency, a commitment
to price stability, and close attention to inflation expecta-
tions—can influence the evolution of inflation expectations
and the economy’s behavior.

The problem of imperfect knowledge may be especially
acute in small open economies and transition economies
that have been drawn to inflation targeting. Many of these
countries have undergone dramatic structural change over
the past few decades. Consequently, conclusions regarding
the characteristics of optimal monetary policy rules that are
based on rational expectations models with perfect knowl-
edge cannot provide trustworthy guidance. Our analysis
suggests that policies formulated and communicated in
terms of gaps from natural rate concepts that are funda-
mentally unknowable may be particularly problematic. A
more reliable approach to successfully implementing
inflation targeting is to search for monetary policy strate-
gies that are robust to imperfect knowledge.

Table 2
The Role of an Explicit Quantitative Inflation Objective

Unknown π∗ Known π∗

Standard deviation Standard deviation

s π u–u∗ �i Loss AR(π) π u–u∗ �i Loss AR(π)

A. Level rule (θπ = 0.5 , θu = −1.0)

0 3.66 0.99 2.80 25.1 0.86 3.37 0.95 2.67 22.1 0.84
1 4.35 1.11 3.01 32.9 0.90 3.76 1.04 2.80 26.4 0.87
2 5.21 1.24 3.29 44.2 0.93 4.21 1.18 3.02 32.5 0.90

B. Level rule (θπ = 1.5 , θu = −1.5)

0 2.43 0.84 3.15 18.6 0.75 2.34 0.82 3.02 17.2 0.72
1 2.62 0.96 3.31 21.5 0.78 2.37 0.89 3.05 18.1 0.74
2 2.93 1.13 3.58 26.5 0.82 2.65 1.08 3.29 22.5 0.79

C. Difference rule (θπ = 1 , θ�u = −3.0)

0 2.15 0.89 2.20 12.6 0.67 2.03 0.80 2.08 11.0 0.64
1 2.20 0.98 2.26 13.7 0.68 2.08 0.90 2.11 12.0 0.65
2 2.35 1.18 2.36 16.6 0.72 2.26 1.13 2.23 15.2 0.70

All evaluations are for the case of learning with κ = 0.02 . The loss function corresponds to (9) with λ = 4 and ν = 1 . AR(π) denotes the first-order serial correla-
tion of inflation.
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1. Introduction

Many central banks have adopted a formal inflation-
targeting framework based on the belief and the theoretical
predictions that an explicit and clearly communicated 
numerical objective for the level of inflation over a speci-
fied period would, in itself, be a strong communication 
device that would help anchor long-term inflation expec-

tations.1 Empirically verifying the success of inflation-
targeting regimes in this dimension has been difficult, how-
ever, as survey data on long-term inflation expectations
tend to be of limited availability and low frequency.2

In this paper, we use daily bond yield data for Canada,
Chile, and the United States to investigate whether long-
term inflation expectations in these countries are anchored,
essentially extending the analysis of Gürkaynak, Sack, and
Swanson (2005) and Gürkaynak, Levin, and Swanson
(2006) to examine comparable data for Canada and Chile.
Of these three countries, Canada and Chile have been for-
mal inflation targeters throughout much of the 1990s and
2000s, while the United States has not had an explicit nu-
merical inflation objective. We test the success of inflation
targeting in anchoring long-term inflation expectations by
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We investigate the extent to which long-run inflation expectations are well anchored in three Western Hemisphere coun-

tries—Canada, Chile, and the United States—using a high-frequency event-study analysis. Specifically, we use daily data

on far-ahead forward inflation compensation—the difference between forward rates on nominal and inflation-indexed

bonds—as an indicator of financial market perceptions of inflation risk and the expected level of inflation at long horizons.

For the United States, we find that far-ahead forward inflation compensation has reacted significantly to macroeconomic

data releases, suggesting that long-run inflation expectations have not been completely anchored. In contrast, the Canadian

inflation compensation data have exhibited significantly less sensitivity to Canadian and U.S. macroeconomic news, sug-

gesting that inflation targeting in Canada has helped to anchor long-run inflation expectations in that country. Finally, while

the requisite data for Chile are available for only a limited sample period (2002–2005), our results are consistent with the hy-

pothesis that inflation targeting in Chile has helped anchor long-run inflation expectations in that country as well.

1. See, for example, Leiderman and Svensson (1995), Bernanke and
Mishkin (1997), Svensson (1997), and Bernanke et al. (1999).

2. For an analysis using semiannual survey data on long-run inflation ex-
pectations in the 1990s and early 2000s for a panel of countries, see
Levin and Piger (2004).
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comparing the behavior of long-term nominal and indexed
bond yields across these three countries in response to im-
portant economic developments. Forward inflation com-
pensation—defined as the difference between forward
rates on nominal and inflation-indexed bonds—provides us
with a high-frequency measure of the compensation that
investors require to cover the expected level of inflation, as
well as the risks associated with inflation, at a given hori-
zon. If far-ahead forward inflation compensation is rela-
tively insensitive to incoming economic news, then one
could reasonably infer that financial market participants
have fairly stable views regarding the distribution of long-
term inflation outcomes. This is precisely the outcome one
would hope to observe in the presence of an explicit and
credible inflation target.

The daily frequency of our bond yield data, together with
the frequent release of important macroeconomic statistics
and monetary policy announcements, provides a large
event-study data set for our analysis. This holds even for
samples that span only a few years—the period for which
we have inflation-indexed bond data for the United States
and long-term nominal bond data for Chile. Thus, in con-
trast to previous empirical work using quarterly or even
semiannual data, we are able to bring to bear thousands of
daily observations of the response of long-term bond yields
to major economic news releases in Canada, Chile, and the
United States.

For the United States, we find that far-ahead forward
nominal interest rates and inflation compensation have re-
sponded significantly and systematically to a wide variety
of macroeconomic data releases and monetary policy an-
nouncements. These responses are all consistent with a
model in which the private sector’s view of the central
bank’s long-run inflation objective is not strongly an-
chored, as we show. In Canada, far-ahead forward nominal
interest rates and inflation compensation have displayed
much less sensitivity to either domestic or foreign eco-
nomic news. Thus, the anchoring of long-run inflation ex-
pectations in Canada appears to have been stronger than in
the United States. Finally, the data for Chile are more lim-
ited in terms of the sample period, the depth and breadth of
fixed income markets, and the availability of domestic
macroeconomic data releases. Despite these limitations,
we do not find significant responses of far-ahead inflation
compensation in Chile with respect to domestic or foreign
macroeconomic news.3

The remainder of the paper proceeds as follows. Section
2 presents two reference models of the economy to act as
benchmarks for comparison with our empirical results.

Section 3 investigates the responses of far-ahead forward
interest rates and inflation compensation in the United
States to economic news and shows that these rates re-
spond by much more than standard models would predict.
Section 4 discusses possible explanations for this finding.
Section 5 repeats our empirical analysis for Canada and
Chile to investigate the extent to which inflation targeting
may help anchor the private sector’s views regarding the
long-run inflation objective of the central bank. Section 6
concludes. An appendix provides a detailed description of
all the data used in our analysis.

2. Long-Run Implications 
of Macroeconomic Models

To aid the interpretation of our econometric results, it is use-
ful to have a reference model as a benchmark. We consider
two standard macroeconomic models: a pure New Key-
nesian model (taken from Clarida, Galí, and Gertler 2000)
and a modification of that model that allows for a sig-
nificant fraction of backward-looking or rule-of-thumb
agents (taken from Rudebusch 2001). These two models
can be thought of as different parameterizations of the fol-
lowing equations:

(1) πt = µπE tπt+1 + (1 − µπ)Aπ (L)πt + γ yt + επ
t

and

(2) yt = µy E t yt+1 + (1 − µy)Ay(L)yt

−β(it−E tπt+1) + ε
y
t ,

where π denotes the inflation rate, y the output gap, and i
the short-term nominal interest rate, and επ and εy are in-
dependent and identically distributed (i.i.d.) shocks.4 The
parameters µπ and µy describe the degree of forward-
looking behavior in the model, and the lag polynomials
Aπ (L) and Ay(L) summarize the parameters governing 
the dynamics of any backward-looking components of the
model.

The two models differ in the extent of their forward-
looking behavior. The pure New Keynesian model assumes
that agents are completely forward-looking (µπ = µy = 1), 
and the parameter values for the equations are taken from
Clarida, Galí, and Gertler (2000). A number of authors,
however, estimate much smaller values of µπ (around 0.3)
to match the degree of inflation persistence observed in
U.S. data (for example, Fuhrer 1997, Roberts 1997, Rude-
busch 2001, and Estrella and Fuhrer 2002). Thus, in the
second model considered, we set µπ = 0.3 and take 

3. Ertürk and Özlale (2005) obtain a similar finding of anchored expec-
tations for Chile using a GARCH specification on monthly Chilean data. 4. These variables are all normalized to have steady-state values of zero.
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parameter values from Rudebusch (2001).5 Note that
Rudebusch’s model is among the most persistent of the hy-
brid New Keynesian models in the literature, owing to the
inclusion of several lags of output and inflation in equa-
tions (1) and (2) and a particularly low value of µy

(Rudebusch assumes µy = 0) in the income-spending (IS)
equation (equation (2)).

We close these two models with an interest rate rule of
the following form:

(3) it = (1 − c) [(1 + a)π̄t + byt ] + cit−1 + εi
t ,

where π̄ denotes the trailing four-quarter moving average
of inflation, εi is an i.i.d. shock, and a, b, and c are the 
parameters of the rule.6 Note that the policy rule is both
backward-looking, in that the interest rate responds to cur-
rent values of the output gap and inflation rather than their
forecasts, and inertial, in that it includes the lagged federal
funds rate. Both of these characteristics tend to add inertia
to the short rate, which, together with the persistence of the
Rudebusch model, generally gives the model the best pos-
sible chance to explain the term structure evidence we find
below. We include an interest rate shock, εi

t , for the pur-
pose of generating impulse response functions.

The three panels of Figure 1 show the response of the
short-term nominal interest rate to a 1-percent shock to the
inflation equation, the output equation, and the interest rate
equation, respectively, under our two baseline models.7 In
the pure New Keynesian (Clarida, Galí, and Gertler)
model, the effect of the macroeconomic and monetary pol-
icy shocks on the short-term interest rate dies out very
quickly, generally within a year. The interest rate displays
much more persistence in the partially backward-looking
(Rudebusch) model. Even in that model, however, the

5. Rudebusch estimates and uses a value of µ = 0.29 in the inflation
equation and sets µ = 0 in the output equation, so we use those values
as well. There are also some minor timing differences between the
specification of Rudebusch’s model and our equations (1) and (2). To
generate the impulse response functions in Figure 1, we use the model
exactly as specified in Rudebusch (2001), but these differences in
specification have no discernible effect on our results.

6. We use the values of a, b, and c estimated by Rudebusch (2002) from
1987:Q4 to 1999:Q4: namely, a = 0.53, b = 0.93, and c = 0.73.

7. In a discussion of our paper at the Central Bank of Chile, Eric Parrado
reported impulse response functions using the small open economy in-
ternational macroeconomic model of Galí and Monacelli (2005),
roughly calibrated to match the data in Canada and Chile. The results
from those impulse response functions were consistent with our analysis
for the standard closed economy New Keynesian models presented here:
in particular, short-term interest rates returned to steady state well within
ten years of a shock. Indeed, that model returned to steady state even
more quickly—within just four or five years, compared to seven or eight
years for the Rudebusch model. We believe this difference is due to the
persistent parameters of the Rudebusch model, rather than to the lack of
an open economy transmission mechanism in that model.

Figure 1
Impulse Response Functions 
for Standard Macro Models
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short-term interest rate essentially returns to its steady-state
level well within ten years after each shock.

3. The Sensitivity of U.S. Long-Term Interest Rates
to Economic News

We now turn to how well the above model predictions are
matched by U.S. data. The models predict that macroeco-
nomic data releases and monetary policy announcements
should affect the path of nominal interest rates only in the
short run. To examine whether the U.S. data match the pre-
dictions of the models, we must look beyond the response
of interest rates in the first few years after a shock and in-
stead focus on the behavior of forward interest rates several
years ahead.

Forward rates are often a very useful means of interpret-
ing the term structure of interest rates. For a bond with a
maturity of m years, the yield r (m)

t represents the rate of re-
turn that an investor requires to lend money today in return
for a single payment m years in the future (for the case of 
a zero-coupon bond). By comparison, the k-year-ahead
one-year forward rate f (k)

t represents the rate of return
from period t + k to period t + k + 1 that the same in-
vestor would require to commit today to a one-year loan
beginning at time t + k and maturing at time t + k + 1.
The linkage between these concepts is simple: an m-year
(continuously compounded) zero-coupon security can be
viewed as a sequence of one-year forward agreements over
the next m years:8

(4) f (k)
t = (k + 1)r (k+1)

t − kr (k)
t .

For our analysis, we use Federal Reserve Board data on
forward interest rates for U.S. Treasury securities.9 Given
our interest in measuring long-term expectations, our
analysis focuses on the longest maturity for which we have
high-quality bond yield data. The liquidity and breadth of
the markets for government securities at and around the
ten-year horizon thus lead us to focus on the one-year for-

ward rate nine years ahead (that is, the one-year forward
rate ending in ten years). The analysis of the previous sec-
tion shows that this horizon is sufficiently far out for stan-
dard macroeconomic models to largely return to their
steady states, so that any movements in forward interest
rates or inflation compensation at these horizons should not
be due to transitory responses of the economy to an eco-
nomic shock.

To measure the effects of macroeconomic data releases
on interest rates, the unexpected (or surprise) component of
each macroeconomic data release must be computed, since
the expected component of macroeconomic data releases
should have no effect in forward-looking financial mar-
kets.10 Using the surprise components of macroeconomic
data releases, where expectations are measured just a few
days before the actual release, also removes any possible
issue of endogeneity arising from interest rates feeding
back to the macroeconomy. Any such effects, to the extent
that they are systematic or predictable, will be incorporated
into the market forecast for the statistical release.

To measure the surprise component of each data release,
we compute the difference between the actual release and
the median forecast of that release made by professional
forecasters just a few days prior to the release date. For the
United States, we use data on professional forecasts of the
next week’s statistical releases, published every Friday by
Money Market Services for 39 different macroeconomic
data series.11 Not all 39 of these macroeconomic statistics
have a significant impact on interest rates, even at the short
end of the yield curve. Thus, to conserve space and reduce
the number of exogenous variables in our regressions, we
restrict our attention to the macroeconomic variables that
Gürkaynak, Sack, and Swanson (2005) identify as having
statistically significant effects on the one-year Treasury bill
rate over the 1990–2002 period: capacity utilization, con-
sumer confidence, the core consumer price index (CPI), the
employment cost index (ECI), the advance (that is, first) re-
lease of real GDP, initial claims for unemployment insur-
ance, the National Association of Purchasing Managers
(NAPM)/Institute for Supply Management (ISM) survey
of manufacturing activity, new home sales, employees on
nonfarm payrolls, retail sales, and the unemployment rate.12

8. If we could observe zero-coupon yields directly, computing forward
rates would be as simple as this. In practice, however, most government
bonds in the United States and abroad make regular coupon payments,
and thus the size and timing of the coupons must be accounted for to
translate observed yields into the implied zero-coupon yield curve. In
the results presented below, we also investigate whether the use of U.S.
Treasury STRIPS (which are zero-coupon securities that thus do not re-
quire fitting a yield curve first) alters the estimated response of far-ahead
forward nominal rates in the United States. We find that the STRIPS
data yield essentially identical results.

9. Federal Reserve Board staff compute implied zero-coupon yields
from observed, off-the-run U.S. Treasury yields using the extension of
Nelson-Siegel described in Svensson (1994). Details are available in
Gürkaynak, Sack, and Wright (2006).

10. Kuttner (2001) tests and confirms this hypothesis for the case of
monetary policy announcements.

11. Several authors find the Money Market Services data to be of high
quality (for example, Balduzzi, Elton, and Green 2001, Andersen et al.
2003, and Gürkaynak, Sack, and Swanson 2005).

12. In addition to these 11 variables, Gürkaynak, Sack, and Swanson
(2005) also included leading indicators and the core producer price
index (PPI) in their analysis. We originally included these two variables
as well, but they never entered significantly into any of our regressions
at even the shortest horizon at even the 10-percent level. We therefore
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As with macroeconomic data releases, we must compute
the surprise component of monetary policy announcements
in each of our countries in order to measure the effects of
these announcements on interest rates. We measure mone-
tary policy surprises for the United States using federal
funds futures rates, which provide high-quality, virtually
continuous measures of market expectations for the federal
funds rate (Krueger and Kuttner 1996, Rudebusch 1998,
Brunner 2000).13 The federal funds futures contract for a
given month settles at the end of the month based on the
average federal funds rate that was realized over the course
of that month. Thus, daily changes in the current-month fu-
tures rate reflect revisions to the market’s expectations for
the federal funds rate over the remainder of the month. As
explained in Kuttner (2001) and Gürkaynak, Sack, and
Swanson (2002), the change in the current month’s con-
tract rate on the day of a Federal Open Market Committee
(FOMC) announcement, scaled up to account for the tim-
ing of the announcement within the month, provides a
measure of the surprise component of the FOMC deci-
sion.14 We compute the surprise component associated with
every FOMC meeting and intermeeting policy action by
the FOMC over our sample.15

3.1. The Sensitivity of U.S. Interest Rates 
to Economic News

Table 1 reports results for nominal interest rates in the
United States over the 1994–2005 period.16 Each column
provides results from a regression of daily changes in the
corresponding interest rate on the surprise component of

omit them from the results below to save space and reduce the number
of explanatory variables. Nonetheless, our results are essentially identi-
cal whether we include these additional variables in the regressions 
or not.

13. Gürkaynak, Sack, and Swanson (2002) show that, among the many
possible financial market instruments that potentially reflect expecta-
tions of monetary policy, federal funds futures are the best predictor of
future policy actions.

14. To avoid very large scale factors, if the monetary policy announce-
ment occurs in the last seven days of the month, we use the next-month
contract rate instead of scaling up the current-month contract rate.

15. The only exception is that we exclude the intermeeting 50-basis-
point easing on September 17, 2001, because financial markets were
closed for several days prior to that action and because that easing was a
response to a large exogenous shock to the U.S. economy and financial
markets. We would thus have difficulty disentangling the effect of the
monetary policy action from the effect of the shock itself on financial
markets that day.

16. Our STRIPS data begin in 1994, so we restrict analysis in Table 1 to
the post-1994 period. Gürkaynak, Sack, and Swanson (2005) report
very similar results for the 1990–2002 period using forward rates from a
fitted yield curve.

Table 1
U.S. Forward Rate Responses 
to Domestic Economic News, 1994–2005

1-year forward
1-year forward nominal rate

Explanatory 1-year nominal rate ending in 10 yrs.
variable nominal rate ending in 10 yrs. from STRIPS

Capacity 1.76*** 1.24** 0.80
utilization (3.78) (2.05) (1.21)

Consumer 1.36*** 1.04* 0.88
confidence (3.13) (1.85) (1.43)

Core CPI 1.92*** 1.47* 1.80**
(3.29) (1.94) (2.16)

Employment 1.66** 1.87** 1.24
cost index (2.28) (1.98) (1.20)

Real GDP 1.37* 0.36 –0.08
(advance) (1.95) (0.40) (–0.08)

Initial jobless –0.91*** –0.59** –0.62**
claims (–4.16) (–2.07) (–2.00)

NAPM/ISM 2.40*** 2.54*** 2.79***
mfg. survey (5.58) (4.55) (4.56)

New home 0.77* 0.85 1.01*
sales (1.88) (1.60) (1.73)

Nonfarm 4.63*** 2.51*** 2.62***
payrolls (10.24) (4.28) (4.08)

Retail sales 2.15*** 1.69** 1.36*
(excl. autos) (3.75) (2.26) (1.66)

Unemployment –1.63*** 0.38 –0.52
rate (–3.32) (0.60) (–0.74)

Monetary 0.30*** –0.17** –0.24***
policy (4.78) (–2.14) (–2.71)

No. obs. 1,371 1,371 1,371
R2 0.16 0.06 0.05
Joint test p value 0.000*** 0.000*** 0.000***

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: The sample is from January 1994 to October 2005, at daily frequency on
the dates of macroeconomic and monetary policy announcements. Regressions
also include a constant, a Y2K dummy that takes on the value of 1 on the first
business day of 2000, and a year-end dummy that takes on the value of 1 on the
first business day of any year (coefficients not reported). Macroeconomic data 
release surprises are normalized by their standard deviations, so these coefficients
represent a basis point per standard deviation response. Monetary policy 
surprises are in basis points, so these coefficients represent a basis point per 
basis point response. Joint test p value is for the hypothesis that all coefficients
(other than the constant and dummy variables) are zero. T statistics are reported
in parentheses.
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the macroeconomic data releases and monetary policy an-
nouncements listed at the left.17 We regress the change in
interest rates on all of our macroeconomic and monetary
policy surprises jointly to properly account for days on
which more than one piece of economic news was re-
leased. To facilitate interpreting our coefficient estimates,
we normalize each macroeconomic surprise by its standard
deviation. Each coefficient in the table thus estimates the
interest rate response in basis points per standard deviation
surprise in the corresponding macroeconomic statistic. The
one exception to this rule is the monetary policy surprises,
which we leave in basis points, so that these coefficients
represent a basis point per basis point response.

The first column of Table 1 reports the responses of the
one-year Treasury spot rate to the economic releases as a
benchmark for comparison. As one might expect from a
Taylor-type rule or from casual observation of U.S. finan-
cial markets, interest rates at the short end of the term
structure exhibit highly significant responses to surprises in
macroeconomic data releases and monetary policy an-
nouncements. Moreover, these responses are generally
consistent with what one would expect from a Taylor-type
rule: upward surprises in inflation, output, or employment
lead to increases in short-term interest rates, and upward
surprises in initial jobless claims (a countercyclical eco-
nomic indicator) cause short-term interest rates to fall. The
magnitudes of these estimates seem reasonable, with a
two-standard-deviation surprise leading to about a 3- to 10-
basis-point change in the one-year rate (depending on the
statistic) on average over our sample. Monetary policy sur-
prises lead to about a one-for-three or one-for-two response
of the one-year yield to the federal funds rate. This is con-
sistent with the view that a surprise change in the federal
funds rate is often not a complete surprise to markets, but
rather a moving forward or pushing back of policy changes
that were already expected to have some chance of occur-
ring in the future.

The middle column of Table 1 shows the response of far-
ahead forward interest rates in the United States to eco-
nomic news. If ten years is a sufficient amount of time for
the U.S. economy to return largely to steady state follow-
ing an economic shock, as our simulations above suggest,
and if long-term inflation expectations were firmly an-
chored in the United States, then one would expect to see

little or no response of these rates to economic news. This
is not the case, however: far-ahead forward nominal rates
in the United States respond significantly to nine of the
twelve macroeconomic data releases we consider, often
with a very high degree of statistical significance, and a test
of the joint hypothesis that all coefficients in the regression
are zero is rejected with a p value on the order of 10–10. Not
only are the estimated coefficients statistically significant,
but their magnitudes are large, often more than half as large
as the effect on the short-term interest rate. Finally, the
signs of these coefficients are not random, but rather they
closely resemble the effect on short-term interest rates and
the short-term inflation outlook. This resemblance is con-
sistent with markets expecting some degree of pass-
through of short-term inflation to the long-term inflation
outlook. The case of monetary policy surprises offers per-
haps the most striking example of this pattern: the esti-
mated effect of monetary policy surprises on far-ahead
nominal interest rates is opposite to the effect of surprises
on the one-year spot rate—that is, a surprise monetary pol-
icy tightening causes far-ahead forward nominal rates to
fall. This result echoes the finding by Gürkaynak, Sack,
and Swanson (2005) for their 1990–2002 and 1994–2002
samples. It is also consistent with financial markets expect-
ing a pass-through of the short-term inflation outlook to
long-term inflation, as we demonstrate in Section 4, below.

The right-hand column of Table 1 reports a robustness
check on the above results, in which we computed the re-
sponse of the one-year forward rate ending in ten years
using U.S. Treasury STRIPS (Separate Trading of
Registered Interest and Principal Securities) rather than the
Federal Reserve’s smoothed yield curve data.18 STRIPS are
pure zero-coupon securities whose yields provide a direct,
market-based measure of forward rates that does not re-
quire any yield curve fitting or smoothing. (On the other
hand, STRIPS are less liquid than Treasury notes and
bonds and thus suffer from larger bid-ask spreads and trad-
ing costs, making observed prices a less clean measure of
the true shadow value of the securities and introducing
some noise into our estimates.) The results in the right-
hand column of Table 1 are very much in line with those
from the middle column: seven of the twelve macroeco-
nomic news releases we consider lead to significant re-
sponses of ten-year-ahead forward interest rates, with
estimated magnitudes that are very similar to those from

18. U.S. Treasury STRIPS are created by decoupling the individual
coupon and principal payments from U.S. Treasury notes and bonds into
pure zero-coupon securities. See Sack (2000) for more details on the po-
tential usefulness of STRIPS for estimating the Treasury yield curve. In
this paper, we compute the one-year forward rate ending in ten years
using the nine-year STRIPS security and ten-year STRIPS security and
applying equation (1).

17. Although we have almost 1,000 daily observations in each of these
regressions, most of the elements of any individual regressor are zero,
because any given macroeconomic statistic is only released once a
month (or once a quarter in the case of GDP and once a week in the case
of initial claims). We restrict attention in all our regressions to those
days on which some macroeconomic statistic was released or a mone-
tary policy announcement was made, but our results are not sensitive to
this restriction.
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our yield-curve-based estimates, and the joint hypothesis
that all coefficients are equal to zero is likewise rejected at
extremely high levels of statistical significance (p value on
the order of 10–9). All of these observations suggest that our
results are not due to any artifact of yield curve fitting in-
volved in computing forward rates from Treasury coupon
securities.

3.2. The Sensitivity of U.S. Interest Rates and
Inflation Compensation to Economic News

The United States has issued inflation-indexed Treasury se-
curities since 1997. A natural question arising from our es-
timates above, then, is to what extent the strong responses
in far-ahead forward interest rates are due to changes in
real interest rates, as opposed to changes in inflation com-
pensation—the difference between nominal and real inter-
est rates. Table 2 investigates this interesting question.

U.S. Treasury inflation-indexed securities—commonly
referred to as TIPS—were issued for the first time in
January 1997 and only annually for the first few years after
that date. We therefore cannot compute a far-ahead forward
real rate for the United States until January 1998, giving us
a sample that covers only about eight years. Nonetheless,
the high frequency of the data still leaves us with almost a
thousand observations with which to perform our analysis.

We obtained data on the forward real interest rates im-
plied by TIPS from Federal Reserve Board staff.19 We
define forward inflation compensation as the difference 
between the forward nominal rate and forward real rate 
at each horizon. This measure captures the compensation
that investors demand both for expected inflation at the
given horizon and for the risks or uncertainty associated
with that inflation.20

In the first two columns of Table 2, we repeat the regres-
sions of the one-year spot rate and the ten-year-ahead one-
year rate on our macroeconomic surprises over the sample
of TIPS data (1998–2005). Our results over this sample are
very similar to those in Table 1, although the statistical
significance is reduced for our coefficient estimates in both
regressions. For example, only five of our twelve co-
efficients for the ten-year-ahead nominal rate are signi-

Table 2
U.S. Forward Rate Responses
to Domestic Economic News, 1998–2005

1-yr. forward
1-yr. 1-yr. forward 1-yr. forward inflation

Explanatory nominal nom. rate real rate compensation
variable rate ending 10 yrs. ending 10 yrs. ending 10 yrs.

Capacity 1.55*** 0.91 0.51 0.40
utilization (2.92) (1.33) (1.31) (0.66)

Consumer 1.34** 0.50 0.18 0.32
confidence (2.57) (0.75) (0.47) (0.55)

Core CPI 1.01 1.25 –0.37 1.63**
(1.58) (1.53) (–0.80) (2.28)

Employment 1.14 1.13 –0.10 1.23
cost index (1.48) (1.15) (–0.17) (1.43)

Real GDP 2.37*** 1.91* 0.02 1.89**
(advance) (2.92) (1.84) (0.04) (2.08)

Initial jobless –1.06*** –0.74** –0.20 –0.54*
claims (–4.25) (–2.32) (–1.09) (–1.94)

NAPM/ISM 2.26*** 2.96*** 1.74*** 1.22**
mfg. survey (4.39) (4.49) (4.59) (2.12)

New home 0.23 0.67 –0.32 0.99*
sales (0.51) (1.15) (–0.94) (1.93)

Nonfarm 4.45*** 1.79** 1.26*** 0.54
payrolls (8.02) (2.52) (3.07) (0.88)

Retail sales 1.60*** 1.52* 0.68 0.84
(excl. autos) (2.55) (1.88) (1.46) (1.18)

Unemployment –1.20* 0.89 0.84* 0.05
rate (–1.95) (1.13) (1.85) (0.07)

Monetary 0.36*** –0.01 0.01 –0.02
policy (4.35) (–0.13) (0.18) (–0.26)

No. obs. 950 950 950 950
R2 0.15 0.06 0.04 0.04
Joint test p value 0.000*** 0.000*** 0.000*** 0.010**

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: The sample is from January 1998 to October 2005, at daily frequency on
the dates of macroeconomic and monetary policy announcements. Regressions
also include a constant, a Y2K dummy that takes on the value of 1 on the first
business day of 2000, and a year-end dummy that takes on the value of 1 on the
first business day of any year (coefficients not reported). Macroeconomic data re-
lease surprises are normalized by their standard deviations, so these coefficients
represent a basis point per standard deviation response. Monetary policy surprises
are in basis points, so these coefficients represent a basis point per basis point re-
sponse. Inflation compensation is the difference between nominal and real rates.
Joint test p value is for the hypothesis that all coefficients (other than the constant
and dummy variables) are zero. T statistics are reported in parentheses.19. The Federal Reserve Board provides real yield curve estimates be-

ginning in January 1999. We extend the nine- to ten-year forward rate
series back to January 1998 by taking the nine- and ten-year TIPS rates
and computing the implied forward rate between the two using the
Shiller, Campbell, and Schoenholtz (1983) approximation.

20. Forward real rates, nominal rates, and inflation compensation may
also be affected by other factors, such as term premiums and premiums
for liquidity. We discuss the robustness of all of our results with respect
to these types of risk premiums in the next section.
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ficant over this shorter sample, compared with nine of
twelve in Table 1, although the joint hypothesis that all
coefficients are zero in that regression is still rejected at
very high levels of statistical significance.21 The signs and
magnitudes of the coefficients in these two columns are
also very similar to those we estimated over the larger
1994–2005 period.

In the third and fourth columns of Table 2, we decom-
pose the response of forward nominal rates into its con-
stituent real rate and inflation compensation components.
We find some evidence that part of the estimated respon-
siveness of nominal forward rates is actually due to move-
ments in real interest rates, particularly for the NAPM/ISM
manufacturing survey and nonfarm payrolls releases.22 In
the majority of cases, however, the responsiveness of long-
term nominal interest rates can be directly linked to
changes in inflation compensation. Five of our twelve esti-
mated coefficients are statistically significant, and the joint
hypothesis that all coefficients are zero is rejected with a p
value of about 1 percent.

4. Possible Explanations for the Behavior 
of U.S. Long-Term Interest Rates

In steady state, the short-term nominal interest rate, i, equals 
the steady-state real interest rate, r∗, plus the steady-state
level of inflation, π∗, by Fisher’s equation:

(5) i∗ = r∗ + π∗.

As mentioned above, standard asset-pricing theory indi-
cates that forward rates with sufficiently long horizons—
that is, f (N )

t for N large, where f (N )
t is the forward rate

ending in N years’ time—equal the expected steady-state
short-term rate plus a risk premium, ρ :

(6) f (N )
t = r∗ + π∗ + ρ .

The fact that f (N )
t responds to many macroeconomic data

releases and monetary policy surprises indicates that one
(or more) of r∗, π∗, and ρ is changing in response to these
surprises.

4.1. Some Nonexplanations for the 
Excess Sensitivity Puzzle: r∗ and ρ

In our search for a solution to the excess sensitivity puzzle
documented above, we consider but ultimately discard two
possible causes: changes in r∗ (the long-run equilibrium
real interest rate) and changes in ρ (the risk premium). 
Although r∗ is a potentially time-varying component of
steady-state short-term rates, our empirical results are not
well-described by changes in r∗ for two reasons. First,
TIPS provide a measure of far-ahead forward real rates,
and as we showed in Table 2, the sensitivity of nominal
rates in the United States to economic news was often
linked to changes in inflation compensation rather than to
changes in real rates. Second, many of the nominal interest
rate responses that we estimate are difficult to interpret in
terms of changes in r∗. For example, it is difficult to ex-
plain why a surprise uptick in inflation (of either the CPI or
the PPI) would lead the market to revise upward its esti-
mate of r∗ , the long-run equilibrium real rate of interest.23

Similarly, a surprise monetary policy tightening is not
likely to lead the market to revise its estimate of r∗

downward—presumably, a surprise tightening of policy, to
the extent that it provides any information about r∗, indi-
cates that the FOMC views r∗ as being higher than the
market estimate.

This is not to say that changes in the market’s perception
of r∗ are necessarily unimportant. Indeed, changes in r∗

may have had some effect on long-term interest rates in our
sample, particularly in the late 1990s, when market esti-
mates of the long-run rate of productivity growth in the
United States were largely in flux. Relying solely on changes
in r∗ to explain our empirical results, however, is likely to
cause difficulties for precisely the reasons described above.

Alternatively, one might argue that changes in the risk
premium, ρ , are the most likely explanation for our find-
ings of excess sensitivity in long-term interest rates. While
some authors find little evidence for time-varying risk pre-
miums in the data (for example, Bekaert, Hodrick, and
Marshall 2001), a number of prominent studies (such as
Fama and Bliss 1987, Campbell and Shiller 1991) docu-
ment strong violations of the expectations hypothesis for a
wide variety of samples and securities, suggesting that the
risk premiums embedded in long-term bond yields may, in
fact, vary substantially over time. A time-varying risk pre-
mium is often offered as an explanation for the excess

21. The significance of the negative response of forward nominal rates
to monetary policy surprises is notably absent over this later sample,
perhaps reflecting the fact that these surprises become generally smaller
and less frequent in the later part of our sample (Swanson 2006).
Another possible explanation for the smaller number of significant
coefficients over the later sample is that long-term interest rates have
gradually become better anchored in the United States. We leave this as
an interesting question for future research.

22. We do not take a stand on why far-ahead real rates might move in re-
sponse to economic news, although one possible explanation is that
markets view the particular data release as informative about the econ-
omy’s long-run rate of productivity growth and, hence, about the equi-
librium real interest rate.

23. Even if one regards surprises in inflation as being informative about
productivity growth in the late 1990s, the usual story that is told is that
surprisingly low inflation was indicative of high productivity growth,
which would, in turn, be related to a higher equilibrium real rate, r∗.
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volatility puzzle and as a likely factor in the failure of the
expectations hypothesis for longer maturities.

For our analysis, however, as long as the variation in risk
premiums is small enough at the very high frequencies we
consider, the change in bond yields over the course of the day
will effectively difference out the risk premium at each point
in our sample, allowing us to interpret the change in yields as
being driven primarily by the change in expectations. While
there is no a priori reason why risk premiums should vary
only at lower frequencies, the predictors of excess returns
on bonds emphasized in the studies above generally have
this feature—that is, the variation from one day to the next is
very small, while the large variations in premiums that they
estimate occur at much lower frequencies, particularly
business cycle frequencies (Cochrane and Piazzesi 2005,
Piazzesi and Swanson 2006). Thus, the failure of the ex-
pectations hypothesis alone is not sufficient to call our
analysis into question.

Moreover, in order for changes in risk premiums to ex-
plain our results, one would have to explain why they
would move so systematically in the way that we docu-
ment, being positively correlated with output and inflation
news while moving inversely with surprises in monetary
policy. For example, Cochrane and Piazzesi (2005) and
Piazzesi and Swanson (2006) find that risk premiums in
Treasury securities and interest rate futures move counter-
cyclically over the business cycle, which is exactly oppo-
site to the direction that would be needed to explain our
findings and the findings of Gürkaynak, Levin, and
Swanson (2006) (that far-ahead forward interest rates in
the United States and in the United Kingdom before central
bank independence comove positively with surprises in
output and employment). Finally, one would have to ex-
plain why we do not find similar movements in risk premi-
ums in the United Kingdom or Sweden, as documented in
Gürkaynak, Levin, and Swanson (2006)—if anything, one
would expect the importance of risk premiums to be
greater in these smaller, less liquid markets—or why the
behavior of risk premiums in the United Kingdom would
have changed after the Bank of England gained independ-
ence from Parliament in 1997 (Gürkaynak, Sack, and
Swanson 2003, Gürkaynak, Levin, and Swanson 2006).

Of course, given that current theory puts little structure
on the behavior of term premiums, one could always write
an ad hoc model of the term premium that would match our
empirical findings. However, the fact that we did not ob-
serve a strong response of real interest rates to economic
news in the United States suggests that if changes in risk
premiums are responsible for the excess sensitivity of the
forward nominal rates, any such risk seems to be more
closely related to inflation compensation than to real rates.
This is in line with our interpretation that it is the perceived

distribution of future inflation outcomes (and not necessar-
ily only its mean) that is unanchored.

4.2. A Possible Explanation 
for Excess Sensitivity: Changes in π∗

While we do not wish to discount the importance of changes
in market perceptions of r∗ or changes in risk premiums
that are unrelated to inflation, we find each of them inade-
quate on its own to explain all of our empirical results. We
now show that changes in the market’s perception of π∗,
the long-run inflation objective of the central bank, helps
explain all of our findings. Thus, changes in π∗are not only
necessary for explaining at least some of our results, they
are also sufficient.24

4.2.1. Model with time-varying π∗

and perfect information

We demonstrate the sufficiency of changes in π∗ by aug-
menting the benchmark model from Section 2 to include
an additional equation that permits the central bank’s
inflation objective to vary over time, without taking a stand
on why this might be so. In this alternative specification,
past values of inflation affect the central bank’s longer-run
inflation objective, according to

(7) π∗
t = π∗

t−1 + θ(π̄t−1 − π∗
t−1) + επ ∗

t ,

where π̄t−1 is the trailing four-quarter moving average of
inflation. Thus, persistently low (high) inflation will, over
time, tend to decrease (increase) the central bank’s long-run
inflation target.25 Exogenous changes in the central bank’s
inflation objective, π∗, are captured by the shock επ ∗

t .
Our benchmark model with time-varying π∗ thus takes

the form:

(8) πt = µπE tπt+1 + (1 − µπ)Aπ (L)πt + γ yt + επ
t ,

(9) yt = µy E t yt+1

+ (1 − µy)Ay(L)yt − β(it−E tπt+1) + ε
y
t ,

(10) it = (1 − c)
[
π̄t + a(π̄t − π∗

t ) + byt

]

+ cit−1 + εi
t , and

(11) π∗
t = π∗

t−1 + θ(π̄t−1 − π∗
t−1) + επ ∗

t ,

24. While the model presented below is based on time variance in 
the perceived mean of the steady-state inflation distribution, the results
would go through if other moments of that distribution were time vary-
ing, as well. These would be reflected in the inflation term premium.

25. This has some similarities to the idea of opportunistic disinflation
described in Orphanides and Wilcox (2002).
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where equation (10) now explicitly recognizes the exis-
tence of a non-constant inflation target. We use the same
parameter values for the model as for the Rudebusch
specification in Section 2, and we select a value for θ to
roughly calibrate our impulse response functions to match
the estimated responsiveness of long-term forward rates in
our data. It turns out that we require relatively small values
for θ (the loading of the central bank’s inflation target on
the past year’s inflation) to match the term structure evi-
dence. We thus set θ equal to 0.02 for the simulations
below, implying that annual inflation 1 percentage point
above target leads the central bank to raise its target by 2
basis points. This may seem negligibly small, but the per-
sistence of inflation—particularly the four-quarter trailing
average that enters into equation (11)—leads to cumulative
effects on π∗ that are nonnegligible, as we now show.

Figure 2 plots the impulse responses of inflation, the out-
put gap, the short-term interest rate, and π∗ to a 1-percent
shock to each of equations (8) through (11).26 The qualita-
tive features of our empirical findings are reproduced very
nicely. For example, after a 1-percent inflation shock (the
first column), the short-term nominal interest rate rises
gradually, peaks after a few years, and then returns to a
long-run steady-state level that is about 35 basis points
higher than the original steady state. This is due to the fact
that the higher levels of inflation on the transition path
cause the central bank’s long-run objective, π∗, to rise. A
similar response of short-term nominal interest rates and
inflation can be seen in response to a 1-percent shock to
output (the second column). For the federal funds rate
shock (the third column), as inflation in the economy falls
in response to the monetary tightening, the central bank’s
longer-run objective π∗ gradually falls, as well. In the long
run, the short-term nominal interest rate and inflation settle
below their initial levels, producing exactly the kind of in-
verse relation between far-ahead forward rates and short
rates that we found in the data.

4.2.2. Model with time-varying π∗

and imperfect information

The above model can also be extended to include the case
in which the private sector does not directly observe the
central bank’s inflation objective, π∗, and thus must infer it
from the central bank’s actions, as in Kozicki and Tinsley
(2001), Ellingsen and Söderström (2001), and Erceg and

Levin (2003). The advantages of a model with imperfect
information are threefold. First, it emphasizes that the be-
havior of the term structure is driven by private sector ex-
pectations of future outcomes, which in the case of
imperfect information can differ from the actual impulse
responses to a particular (unobserved or imperfectly ob-
served) shock. Second, a model with imperfect information
provides a more realistic description of long-term interest
rate behavior in the United States, since the Federal
Reserve’s long-term objective for inflation, π∗, is unknown
to financial markets. Third, the presence of imperfect infor-
mation increases the importance and effects of monetary
policy shocks in the model, which allows for a better cali-
bration to our empirical results than the model with perfect
information can provide.

To consider the case of imperfect information, equations
(8) through (11) must be augmented to include a private
sector Kalman filtering equation:

(12) π̂∗
t = π̂∗

t−1 + θ(π̄t−1 − π̂∗
t−1) − κ(it − ît ).

For simplicity and tractability, we assume that the forms of
equations (8) through (11), all parameter values, and the
shocks επ and εy are perfectly observed by the private sec-
tor. Thus, only π∗, επ ∗

, and εi are unobserved. Private
agents update their estimate of the central bank’s inflation
target, denoted π̂∗

t , using equation (12).27 In particular,
agents observe the deviation of the interest rate from their
expectation, it − ît , where ît is obtained by substituting
π∗

t = π̂∗
t−1 + θ(π̄t−1 − π̂∗

t−1) and εi
t = 0 into equation

(10), and they revise π̂∗
t by an amount determined by the

Kalman gain parameter, κ . Again, we choose (rather than
estimate) a value for κ of 0.1, which is meant to be illustra-
tive and matches the data.28

Figure 3 presents the private sector’s expected impulse
responses to inflation, the output gap, the short-term inter-
est rate, and the central bank’s inflation objective following
a shock to each of equations (8) through (11). Because this
version of the model features imperfect information, the
impulse responses expected by the private sector on impact
may differ from the actual impulse responses from a shock.
In particular, the private sector is initially unable to distin-
guish between the temporary shock, εi , and the permanent

26. The model has no indexation to steady-state inflation, so the central
bank’s π∗ does not enter the private sector’s equations directly. Rather, it
only enters indirectly through the private sector’s forecasts of πt+1 and
yt+1 , which depend on the current and expected future path for the inter-
est rate (which depends on π∗).

27. This procedure is optimal under the assumptions of normally distrib-
uted shocks and a normally distributed prior for the inflation target. For
other shock distributions, the Kalman filter is the optimal linear infer-
ence procedure.

28. Alternatively, one could derive the optimal value for κ from the vari-
ance of the shocks to π∗ and to i, but this value would have to be indi-
rectly inferred anyway since π∗ is unobserved. The value of 0.1 that we
use for κ corresponds to a ratio of σi/σπ∗ = 3 .
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Figure 2
Impulse Responses with Time-Varying π∗ (Perfect Information)
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Figure 3
Expected Impulse Responses with Time-Varying π∗ (Imperfect Information)

A. Inflation (percent)
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central bank preference shock, επ ∗
. The expected impulse

responses to those two shocks are therefore identical up to
a scale factor, even though the actual impulse responses to
those two shocks play out quite differently over time.29

The expected impulse responses in Figure 3 again repro-
duce the qualitative features of our empirical findings
nicely. The responses to an inflation shock (the first col-
umn) or an output shock (second column) are identical to
the perfect information case in Figure 2, because we have
assumed that the private sector has perfect information re-
garding those two variables. For the case of the federal
funds rate shock (third column), however, two effects are
now present. First, when the private sector agents see the
surprise tightening in the short-term interest rate, they can-
not tell whether the shock is purely temporary (εi ) or
reflects a more permanent change in π∗, so they respond to
the shock by partially revising downward their estimate of
the central bank’s π∗. Inflation in the economy thus falls in
response to both the monetary tightening and the fall in
inflation expectations, leading to larger effects than in the
perfect information case. Second, the central bank’s long-
run objective, π∗ , falls over time as inflation comes in

below target, as was true in the perfect information case.
The effect of the additional channel arising from imperfect
information is to increase the relative size and importance
of the effects of the interest rate shock on the term struc-
ture, allowing for a better calibration to our empirical re-
sults and providing a more realistic model of long-term
interest rates in the United States.

Note that imperfect information about the central bank’s
target, π∗, plays a role only in the third and fourth columns
of the figure. A model based solely on imperfect informa-
tion or imperfect credibility, as in Kozicki and Tinsley
(2001) or Erceg and Levin (2003), would be unable to re-
produce our findings of excess sensitivity of U.S. interest
rates to output and inflation surprises as long as shocks 
to επ and εy are observed.

For reference, the actual impulse responses of the model
with imperfect information are depicted in Figure 4. The
figure illustrates how the differing effects of shocks to i and
to π∗ play out over time. Panel E depicts the evolution of
the private sector’s estimate, π̂∗, in response to each shock.
Shocks to inflation or output, about which there is no im-
perfect information, lead to responses of π̂∗ that are identi-
cal to those of π∗, but the two variables evolve differently
for the imperfectly observed cases of shocks to i and π∗.

Finally, our hypothesis that the private sector’s expecta-
tions of the central bank’s long-run inflation objective, π∗,
have varied over time is also consistent with measures of
these expectations derived from survey data. For example,
the median ten-year CPI inflation forecast in the Federal
Reserve Bank of Philadelphia’s Survey of Professional
Forecasters fell from 4 percent in the fourth quarter of 1991
(the first time the long-run forecast question was asked) to
a little under 2.5 percent by the end of 2002. This decline
of about 1.5 percentage points compares with a fall of
about 2.5 percentage points in ten-year nominal forward
interest rates over the same period.

5. The Sensitivity of Long-Term Interest Rates 
in Canada and Chile

We have shown that U.S. long-term interest rates are exces-
sively sensitive to economic news, and that this sensitivity
is well explained by changes in financial market percep-
tions of a long-run inflation objective in the United States
that is not well anchored. We now explore whether long-
term interest rates are any more stable in countries that are
explicit inflation targeters than in the United States.
Gürkaynak, Levin, and Swanson (2006) consider the cases
of Sweden and the United Kingdom and find that far-ahead
forward interest rates are better anchored in those two
countries than in the United States. In this paper, we extend

29. Expected and actual impulse responses for the case of imperfect in-
formation are calculated as follows. If, starting from steady state, the
model is hit by a shock to π or to y, then the private sector observes
those two shocks, so there is no imperfect information and the impulse
responses are just like in the perfect information case. If, instead, there is
a shock to i or to the central bank’s π∗, then the private sector does not
observe the true shock and must estimate what the shock was from the
observed change in i. The private sector optimally assigns part of the
change in i to εi and part of the change in i to επ∗

. Knowing the true
structure of the economy, the private sector then projects the economy
forward using its above two estimates for the shocks to i and to π∗. This
yields the expected impulse response functions at time t. This solution
also yields the actual equilibrium of the model at time t (and time t
only). In period t + 1, the economy will evolve slightly differently than
the private sector had expected the previous period (because the private
sector did not observe the true shocks to i and π∗). In particular, i will be
a little different again from what the private sector was expecting, so
agents will think that their previous estimate of π∗ may have been
wrong or that there may have been another shock to i or another shock 
to π∗. (Of course, in an impulse response function, we do not hit the
model with any additional shocks, but the private sector does not know
this). The private sector thus optimally updates its estimate of π∗

again and projects the economy forward again using the true structure.
This solution yields the equilibrium of the model at time t + 1 (and 
time t + 1 only). Come period t + 2, the economy will evolve slightly
differently than the private sector had expected the previous period, and
so forth. We repeat this procedure to obtain the entire actual response of
interest rates to the shock (which we plot in Figure 4). Again, the private
sector’s estimate of π∗ does not enter the private sector’s equations di-
rectly, but only indirectly through the private sector’s forecast of πt+1

and yt+1 , which depends on the current and expected future path of the
interest rate, which in turn depends on the private sector’s estimate 
of π∗.
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Figure 4
Actual Impulse Responses with Time-Varying π∗ (Imperfect Information)
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the comparison to Canada and Chile, which have been for-
mal inflation targeters throughout much of the 1990s and
2000s.30 Despite this relatively short sample period, our
high-frequency methodology provides us with several hun-
dred to a thousand observations for each of these countries
for our analysis.

5.1. The Sensitivity of Long-Term Interest Rates 
in Canada

We obtained data on Canadian macroeconomic news re-
leases and financial market expectations of those releases
from two sources: Money Market Services and Bloom-
berg. When those data sets overlap, they agree very closely.
Between these two sources, we have data on Canadian ca-
pacity utilization, the consumer price index, core consumer
price index, employment, real GDP, retail sales, the unem-
ployment rate, and wholesale trade. Most of these series go
back to 1996, and a few go back even farther.31 To measure
the surprise component of Canadian monetary policy an-
nouncements, we obtained the dates of changes in the
Bank of Canada’s target overnight interbank rate back to
1995 from the Bank of Canada’s web site, and we meas-
ured the surprise component of these changes as the
change in the three-month Canadian Treasury bill on the
dates of these monetary policy changes.

We obtained data on Canadian nominal bond yields
from the Bank of Canada’s web site and data on real bond
yields from Bloomberg. The Bank of Canada provides
nominal zero-coupon yield curve estimates extending back
to the 1980s. Inflation-indexed bond data for Canada is
more limited: Canada issued its first inflation-indexed bond
in 1991 and its second in 1996, implying that we cannot
compute a forward real rate for Canada until 1996.
Moreover, Canada has issued indexed bonds only at the 30-
year maturity. These securities thus have extremely long
durations and appeal primarily to pension funds, insurance
companies, and individual investors, resulting in low levels

of secondary market liquidity, high transaction costs, and
observed real interest rates that are noisy, particularly in the
earlier years of our sample.32 Thus, in order to reduce the
noisiness of the data and to facilitate comparison with the
United States, we begin our analysis of Canada in January
1998.33

The results of our analysis for Canada are presented in
Tables 3 and 4. Table 3 investigates the sensitivity of
Canadian far-ahead forward interest rates and inflation
compensation to domestic economic news. As in previous
tables for the United States, the first column reports the re-
sponse of the one-year Canadian nominal spot rate to do-
mestic news releases. Short rates respond significantly to
several of the statistics we consider, with signs and magni-
tudes that are consistent with our earlier estimates for the
United States. In sharp contrast to the United States, how-
ever, far-ahead forward nominal rates in Canada (in the
second column) do not respond significantly to any of
these news releases. We find very similar results when we
look at far-ahead forward inflation compensation (the
fourth column). Here again, none of the coefficients are
statistically significant at even the 10-percent level. The
joint hypothesis that all coefficients in the regression are
equal to zero in these two regressions is not rejected at any
standard level of significance.

In Table 4, we explore whether Canadian far-ahead for-
ward interest rates and inflation compensation respond to
U.S. economic data releases and monetary policy an-
nouncements. Because Canada is a relatively small open

30. Both Canada and Chile adopted an inflation-targeting framework in
which the target was not firmly anchored at first but rather was succes-
sively lowered during a transition period. Canada adopted its inflation-
targeting framework in 1991, but the target was not stabilized at the
current level of 1–3 percent until early 1995. Chile, in turn, adopted its
inflation-targeting framework in 1991, but the target was not stabilized
at the current level of 2–4 percent until early 2001. For our purposes, the
later dates are the more relevant ones. Finally, the adoption of an
inflation-targeting range rather than a point makes very little difference
in theory, because the optimal monetary policy is always to aim for
inflation to lie at the midpoint of the range, as discussed, for example, by
Orphanides and Wieland (2000).

31. Details of the data are provided in the appendix. 

32. To compute far-ahead forward real rates in Canada, we use as many
of the 2021, 2026, 2031, and 2036 maturity coupon bond yields as are
available on any given date and compute the far-ahead forward rates be-
tween pairs of securities using the Shiller, Campbell, and Schoenholtz
(1983) approximation. We use the average one-day change in these for-
ward rates in our regressions. We use a longer (20- to 30-year-ahead)
horizon to proxy for the nine-year-ahead real one-year forward rate in
Canada, because we simply do not have nine-year-ahead Canadian in-
dexed bond data. Although we could use a 20- or 30-year-ahead horizon
for our nominal Canadian forward rate as well, we judged that the 
lower liquidity and higher trading costs of these longer-horizon securi-
ties would more than offset any gains from having a precise match in
maturity.

33. In 1996 and 1997, there are seven forward real rate changes in
Canada of 100 basis points or more in a single day, and 17 changes of 50
basis points or more. We believe that these observations are due to low
trading volumes and low liquidity for these securities, rather than to per-
ceived changes in economic fundamentals. After January 1998, there are
no changes of 50 basis points or more. While noise and low liquidity
may still be an issue in the indexed bond data after January 1998, we
found that problems related to regression outliers were essentially elim-
inated by restricting attention to the post-1997 period. Moreover, this
period matches our sample for the United States, allowing for closer
comparability between our U.S. and Canadian results.
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economy, it is reasonable to think that short-term interest
rates and even long-term real rates in Canada might be
largely determined by developments in the rest of the
world, particularly developments in the United States. We
would still expect the long-run values of purely nominal
variables, such as inflation and inflation expectations, to be
determined primarily by domestic monetary policy, partic-
ularly at the far-ahead horizons we are considering in this
paper. Thus, while short-term rates and perhaps long-term
real interest rates in Canada might be expected to respond

to U.S. economic news, we would still expect far-ahead
forward inflation compensation and perhaps nominal rates
to remain largely invariant, if financial markets view the
distribution of long-run inflation outcomes in Canada as
being well anchored.

The regressions in Table 4 include both Canadian and
U.S. macroeconomic data releases and monetary policy
announcements, although coefficients on the Canadian re-
leases are not reported to save space (they are very similar
to those reported in Table 3). The first column of Table 4

Table 3
Canadian Forward Rate Responses 
to Domestic Macroeconomic News, 1998–2005

1-yr. forward
1-yr. 1-yr. forward 1-yr. forward inflation

Explanatory nominal nom. rate real rate compensation
variable rate ending 10 yrs. ending 10 yrs. ending 10 yrs.

Capacity 0.19 0.61 0.59 0.02
utilization (0.16) (0.39) (0.85) (0.01)

CPI 1.49* –0.27 –0.79 0.53
(1.68) (–0.24) (–1.61) (0.47)

Core CPI 1.22 –0.23 –1.07** 0.84
(1.58) (–0.23) (–2.49) (0.86)

Employment 3.07*** 0.65 0.34 0.31
(4.48) (0.75) (0.90) (0.35)

Real GDP –1.01 –2.35 0.25 –2.60
(–0.58) (–1.08) (0.26) (–1.19)

Retail sales 1.48** –0.29 0.00 –0.30
(2.28) (–0.36) (0.01) (–0.36)

Unemployment 0.31 –0.29 0.11 –0.40
rate (0.50) (–0.37) (0.32) (–0.51)

Wholesale 0.09 –0.55 –0.28 –0.27
trade (0.13) (–0.59) (–0.69) (–0.29)

Monetary 0.81*** –0.28 –0.06 –0.22
policy (5.77) (–1.57) (–0.76) (–1.25)

No. obs. 327 327 327 327
R2 0.19 0.02 0.10 0.03
Joint test p value 0.000*** 0.806 0.006*** 0.732

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: The sample is from January 1998 to October 2005, at daily frequency on
the dates of macroeconomic and monetary policy announcements. Regressions
also include a constant, a Y2K dummy that takes on the value of 1 on the first
business day of 2000, and a year-end dummy that takes on the value of 1 on the
first business day of any year (coefficients not reported). Macroeconomic data re-
lease surprises are normalized by their standard deviations, so these coefficients
represent a basis point per standard deviation response. Monetary policy surprises
are in basis points, so these coefficients represent a basis point per basis point re-
sponse. Inflation compensation is the difference between nominal and real rates.
Joint test p value is for the hypothesis that all coefficients (other than the constant
and dummy variables) are zero. T statistics are reported in parentheses.

Table 4
Canadian Forward Rate Responses 
to U.S. Macroeconomic News, 1998–2005

1-yr. forward
U.S. 1-yr. 1-yr. forward 1-yr. forward inflation
explanatory nominal nom. rate real rate compensation
variable rate ending 10 yrs. ending 10 yrs. ending 10 yrs.

Capacity 1.42** 0.72 0.12 0.60
utilization (2.13) (0.81) (0.26) (0.63)

Consumer 1.35* –0.00 0.62 –0.62
confidence (1.91) (–0.00) (1.32) (–0.61)

Core CPI 0.96 2.07** –0.30 2.37**
(1.22) (1.98) (–0.59) (2.10)

Employment 1.11 2.09 0.62 1.47
cost index (1.13) (1.60) (0.96) (1.04)

Real GDP 2.40** 0.40 –0.06 0.46
(advance) (2.49) (0.32) (–0.09) (0.34)

Initial jobless –0.99*** –0.72 –0.27 –0.45
claims (–2.85) (–1.56) (–1.20) (–0.89)

NAPM/ISM 1.72** 1.88* 1.18** 0.69
mfg. survey (2.18) (1.79) (2.27) (0.61)

New home –0.66 0.60 –0.52 1.12
sales (–1.22) (0.85) (–1.47) (1.46)

Nonfarm 4.32*** 1.66* 1.78*** –0.13
payrolls (6.63) (1.92) (4.16) (–0.14)

Retail sales 1.12 0.47 0.18 0.29
(excl. autos) (1.39) (0.44) (0.35) (0.25)

Unemploymt. –1.04 –1.72 0.42 –2.13*
rate (–1.31) (–1.63) (0.80) (–1.87)

Monetary 0.37*** –0.20 0.14** –0.34**
policy (3.52) (–1.45) (2.03) (–2.27)

No. obs. 939 939 939 939
R2 0.16 0.03 0.06 0.02
Joint test p value 0.000*** 0.148 0.001*** 0.361

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: See notes to Table 3. Regressions also include Canadian macroeconomic
news releases (coefficients not reported since they are very similar to Table 3).
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shows that short-term interest rates in Canada are indeed
significantly affected by U.S. monetary policy announce-
ments and by many U.S. macroeconomic data releases.
Still, far-ahead forward nominal rates (in the second col-
umn) are not very responsive to these U.S. economic news
releases, with three coefficients exhibiting only a marginal
degree of statistical significance. The joint hypothesis that
all coefficients are zero in this far-ahead forward nominal
rate regression is not rejected at any standard level of sta-
tistical significance. The same observations generally re-
main true when we look at far-ahead forward inflation
compensation (the fourth column): although this period in-
cludes three U.S. data releases that are significantly related
to Canadian far-ahead forward inflation compensation at
the 10-percent level or better, the joint test that all
coefficients are equal to zero is not rejected at any standard
level of significance.

These findings for Canada are reminiscent of those re-
ported by Gürkaynak, Levin, and Swanson (2006) for the
United Kingdom and Sweden, which were both inflation
targeters over much of the 1990s. In their analysis, the
United Kingdom and Sweden displayed a much greater an-
choring of far-ahead forward nominal rates and inflation
compensation in response to economic news than did the
United States. Finally, in the case of the United Kingdom,
the Bank of England was granted operational independ-
ence from Parliament in 1998. Gürkaynak, Levin, and
Swanson show that, while the United Kingdom has had
substantially better-anchored long-term inflation expecta-
tions than the United States since that date, the data for the
early 1990s display a sensitivity of forward nominal rates
and inflation compensation that is very similar to what we
observe in the United States. All of these findings support
the conclusion that a credible inflation-targeting frame-
work significantly helps to anchor the private sector’s per-
ception of the distribution of future long-run inflation
outcomes.

5.2. The Sensitivity of Long-Term Interest Rates 
in Chile

Chile has a much less extensive set of monthly macroeco-
nomic data releases than are available in a more industrial-
ized country such as the United States or Canada. We
obtained data on Chilean monthly macroeconomic data re-
leases and ex ante private sector forecasts of these releases
from the Central Bank of Chile for four macroeconomic
statistics: consumer price index inflation, monetary policy
announcements, real GDP growth in the current quarter,
and real GDP growth in the previous quarter. However,
whereas our forecast data for the United States and Canada
are at most a few days old on release, the Chilean data can

be as much as two or even three weeks old by the time of
the actual release, because the private sector macroeco-
nomic forecast is only collected every few weeks. Thus,
our measure of macroeconomic surprises for Chile is likely
to suffer from measurement error, which will diminish our
chances of finding statistically significant effects of re-
leases on interest rates at even the short end of the yield
curve.34

The Central Bank of Chile also provided us with Chilean
real and nominal yield curve data. In contrast to the United
States and Canada, there were no long-term nominal gov-
ernment bonds outstanding in Chile until 2002—all long-
term government debt issued prior to that date was inflation
indexed, at least in the last 30 years. This lack of long-term
nominal debt presumably reflects the fact that the Chilean
government was unwilling to pay the large risk premiums
that investors would have demanded to hold such long-
term nominal liabilities during a period in which markets
viewed the government and the central bank as being
greater credit and inflation risks than they are today. Thus,
our sample for Chile is restricted to the 2002–2005 period,
which, although very short, still provides us with about 400
observations for our analysis given the high frequency of
the data. Moreover, even with ideal data, it would be
difficult to extend our sample for Chile further back than
2001: although Chile formally adopted an inflation-target-
ing framework in 1991, the inflation target itself was re-
vised downward throughout the 1990s and only stabilized
at the current range of 2–4 percent in the first quarter of
2001. Finally, the Chilean yield curves are based on a rela-
tively small number of securities, owing to the smaller size
of Chilean financial markets, so that implied forward rates
for Chile are generally much noisier than in the United
States and Canada, again posing a challenge for empirical
analysis.

We report the results of our analysis for Chile in Tables 5
and 6. Table 5 reports the response of Chilean interest rates
and inflation compensation to domestic economic news. The
first column of the table reports the estimated responses of
short-term Chilean interest rates to economic news over
this period. Only one of our four Chilean macroeconomic
data releases—monetary policy announcements—is statis-
tically significant, which is consistent with the idea that
measurement error and a shorter sample make estimation
difficult. That one statistic is highly significant, however,
with a sign and magnitude similar to our estimates for the
United States. Moreover, the joint hypothesis that all

34. Our data on U.S. macroeconomic data releases remain relatively free
of measurement error, however. We consider the response of Chilean 
interest rates to these U.S. releases, just as we did for Canada in the pre-
ceding section.
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coefficients in the regression are zero can be rejected at the
1-percent significance level. We thus have evidence that
our analysis still has power despite the limitations of the
data. Nevertheless, in contrast to the behavior of Chilean
short rates, neither far-ahead forward nominal rates nor
inflation compensation respond significantly to Chilean
monetary policy announcements, which suggests some de-
gree of anchoring. The hypothesis that all of the
coefficients in these regressions are zero cannot be rejected
at any standard level of significance.

In Table 6, we address the response of Chilean interest
rates to U.S. macroeconomic and monetary policy an-
nouncements. A few U.S. statistics are estimated to have
significant effects on Chilean short rates, although some of
the coefficients (on U.S. nonfarm payrolls and unemploy-
ment) have signs that are perhaps puzzling. The joint hy-
pothesis that all coefficients in the short-rate regression are
zero is rejected at the 1-percent level. Again, in contrast to
short rates, far-ahead forward nominal rates and inflation
compensation in Chile respond to almost no U.S. macro-

economic data releases, with the exception of the U.S. un-
employment rate release and perhaps U.S. monetary policy
surprises. The hypothesis that all coefficients in the regres-
sion are zero is also not rejected at standard significance
levels in either case. While the Chilean data are clearly
much noisier and more problematic than the data for more
industrialized countries such as Canada, Sweden, the
United Kingdom, and the United States, our results for
Chile are all consistent with those other countries. The ex-
ercise suggests that the commitment of the central bank to
a credible long-run inflation objective significantly helps to

Table 5
Chilean Forward Rate Responses 
to Domestic Macroeconomic News, 2002–2005

1-yr. forward
1-yr. 1-yr. forward 1-yr. forward inflation

Explanatory nominal nom. rate real rate compensation
variable rate ending 10 yrs. ending 10 yrs. ending 10 yrs.

CPI 0.40 1.86 –1.37 3.23
(0.64) (0.84) (–0.53) (0.97)

Real GDP 0.25 1.10 2.13 –1.03
(0.30) (0.38) (0.62) (–0.23)

Real GDP, –0.69 1.91 2.83 –0.92
prev. quarter (–0.49) (0.39) (0.49) (–0.13)

Monetary 0.15*** 0.22 0.06 0.16
policy (3.92) (1.61) (0.37) (0.78)

No. obs. 98 98 98 98
R2 0.16 0.04 0.02 0.02
Joint test p value 0.005*** 0.406 0.703 0.773

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: The sample is from August 2002 to October 2005, at daily frequency on
the dates of macroeconomic and monetary policy announcements. Regressions
also include a constant and a year-end dummy that takes on the value of 1 on the
first business day of any year (coefficients not reported). Macroeconomic data re-
lease surprises are normalized by their standard deviations, so these coefficients
represent a basis point per standard deviation response. Monetary policy surprises
are in basis points, so these coefficients represent a basis point per basis point re-
sponse. Inflation compensation is the difference between nominal and real rates.
Joint test p value is for the hypothesis that all coefficients (other than the constant
and dummy variables) are zero. T statistics are reported in parentheses.

Table 6
Chilean Forward Rate Responses 
to U.S. Macroeconomic News, 2002–2005

1-yr. forward
U.S. 1-yr. 1-yr. forward 1-yr. forward inflation
explanatory nominal nom. rate real rate compensation
variable rate ending 10 yrs. ending 10 yrs. ending 10 yrs.

Capacity –0.16 2.27 –1.06 3.33
utilization (–0.23) (1.02) (–0.39) (0.96)

Consumer –0.05 –0.59 –0.02 –0.57
confidence (–0.08) (–0.27) (–0.01) (–0.17)

Core CPI 0.86 2.12 –4.19 6.31
(1.11) (0.85) (–1.39) (1.63)

Employment 0.78 0.65 4.00 –3.35
cost index (0.81) (0.21) (1.07) (–0.70)

Real GDP –0.44 –4.92 2.95 –7.87
(advance) (–0.32) (–1.14) (0.57) (–1.17)

Initial jobless –0.36 0.80 –0.65 1.46
claims (–0.93) (0.66) (–0.44) (0.76)

NAPM/ISM –0.60 –0.26 5.23 –5.49
mfg. survey (–0.66) (–0.09) (1.50) (–1.22)

New home 0.38 0.38 –2.53 2.92
sales (0.80) (0.25) (–1.39) (1.24)

Nonfarm –1.35* 1.55 –3.50 5.06
payrolls (–1.72) (0.62) (–1.16) (1.30)

Retail sales 1.68** –2.46 0.48 –2.94
(excl. autos) (2.20) (–1.01) (0.16) (–0.77)

Unemployment 3.78*** –8.70*** 2.98 –11.68***
rate (4.20) (–3.03) (0.86) (–2.61)

Monetary 0.25 –0.81 0.67 –1.48*
policy (1.46) (–1.51) (1.04) (–1.77)

No. obs. 399 399 399 399
R2 0.10 0.05 0.03 0.05
Joint test p value 0.001*** 0.234 0.688 0.167

***Statistically significant at the 10 percent level.
***Statistically significant at the 5 percent level.
***Statistically significant at the 1 percent level. 

Notes: See notes to Table 5. Regressions also include Chilean macroeconomic
news releases (coefficients not reported since they are very similar to Table 5).
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anchor private sector expectations about long-run inflation
outcomes.

5.3. Time-Series Behavior of Forward Rates 
in Canada, Chile, and the United States

Our analysis in the previous sections focused on the condi-
tional volatility of forward rates in Canada, Chile, and the
United States, by which we mean the movement of these
rates in response to specific data releases. Although we
took care to include as many variables as possible and any
macroeconomic data release that seemed important, our re-
gressions have nonetheless omitted many factors that
influence the daily behavior of interest rates at both the
short and long ends of the yield curve. The R2 values in
our regressions are in every case below 20 percent, even for
short-term interest rates.35 Given our argument that the rel-
ative responsiveness of forward rates in different countries
to macroeconomic data releases and monetary policy an-
nouncements is due to different degrees of stability of pri-
vate sector long-run inflation expectations, one might
expect to see that other economically relevant news that we
have omitted would lead to a similar contrast in far-ahead
forward interest rate behavior across our three countries. In
other words, one might expect to see forward rates in the
United States that would tend to be more volatile uncondi-
tionally as well as conditionally, to the extent that long-run
inflation expectations in the United States are unanchored.

Figure 5 presents unconditional time series plots of far-
ahead forward nominal rates and inflation compensation
for Canada, Chile, and the United States. We find a number
of interesting observations. First, far-ahead nominal rates
and inflation compensation are not completely stable in
any of the three countries: Both high and low frequencies
exhibit clear variation. The source of this variation remains

an open question. Possible explanations include the follow-
ing: high transaction costs in Canadian and Chilean mar-
kets that drive observed prices away from true shadow
values; errors in yield curve estimation resulting from a
small number of securities outstanding;36 time-varying risk
or liquidity premiums; variations in financial market per-

35. This observation is all the more remarkable in light of the fact that
we have restricted our attention in the regression to only those days on
which at least one of our right-hand-side variables was nonzero; the R2

values are even lower (though our coefficient estimates are very similar)
if we perform the regression on all days. Thus, even on the days on
which important macroeconomic news was released, we can only ex-
plain a relatively small fraction of the variance of interest rates at even
the short end of the yield curve. One reason for the low R2 values is that
macroeconomic data releases often contain much more information than
just the simple headline number that we must focus on in our analysis.
For example, monetary policy announcements by the Federal Reserve
often discuss the motivation for the move and even the future outlook for
monetary policy; GDP releases contain information about its various
components, which can independently influence private sector forecasts
of future output; and inflation releases contain a detailed breakdown of
constituent components, which may independently influence forecasts
of future inflation. 

36. As mentioned in the preceding sections, Chile has only a few nomi-
nal and indexed government bonds outstanding, and Canada has only a
few highly illiquid indexed government securities outstanding. Thus, es-
timates of forward rates in these two countries can be noisy, particularly
in Chile and in the early years of the Canadian indexed market, when
there were only two bonds outstanding and their liquidity was very low.
(A third Canadian real bond was introduced in 1999 and liquidity in that
market has improved steadily over time.)

Figure 5
Time Series Plots of Forward Nominal Rates 
and Inflation Compensation
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ceptions of the central bank’s credibility and commitment
to its long-run inflation objective; changes in the official
inflation target itself (both Canada and Chile lowered their
official targets several times in the early 1990s) or percep-
tions that the central bank’s inflation target might change in
the future; changes in tax rates or market perceptions that
tax rates might change in the future; market perceptions
that the central bank’s preferred measure of inflation might
change in the future; and differences between the con-
sumption deflator of the marginal investor and the price
index that is being targeted by the central bank.

Second, despite the variation in our estimates of far-
ahead forward nominal rates and inflation compensation,
Canadian forward rates have improved spectacularly vis-à-
vis the United States. In the first half of the 1990s, far-
ahead forward rates in Canada were clearly and consis-
tently higher and more volatile than in the United States.
From the late 1990s onward, that situation has completely
reversed: far-ahead forward nominal rates and inflation
compensation in Canada have been clearly and consis-
tently lower and less volatile than in the United States. This
is all the more remarkable considering that liquidity is
lower and transaction costs higher in Canada, and the num-
ber of outstanding securities with which to estimate a yield
curve is much smaller; thus, all else equal, one would tend
to expect risk premiums and measurement error to produce
more volatile forward rates in Canada. These observations
exactly parallel the findings of Gürkaynak, Levin, and
Swanson (2006) for the United Kingdom and Sweden. The
sample period for our Chilean data is shorter, but it also
shows a remarkable fall in these far-ahead forward rates
over time, bringing them toward levels that are becoming
increasingly comparable to those in the United States.

Third, inflation targeting by itself is not a silver bullet
that suddenly lowers and stabilizes far-ahead forward nom-
inal rates and inflation compensation. Canada officially
adopted an inflation-targeting framework in February
1991, but the improved stability of far-ahead forward rates
and inflation compensation in Canada seem to have come
gradually. Why this is so remains an open question, but it
may be partly due to the fact that, although Canada adopted
a formal inflation-targeting framework in 1991, the official
inflation target was revised lower on several occasions in
the early 1990s. One would hardly expect long-term
inflation expectations to be anchored around the central
bank’s target if that target itself were perceived by markets
to be in transition to an unspecified long-run level. Thus,
the true date of adoption of a fixed long-run inflation target
in Canada might be identified as 1995, the date at which
the current range of 1–3 percent was adopted and regarded
as likely to persist (Mishkin and Schmidt-Hebbel (2007)
make this point for a number of inflation-targeting

adopters).37 In addition, the initial announcement of an
inflation-targeting regime in Canada and the initial an-
nouncement of the 1–3 percent target may have been re-
garded with some skepticism by financial markets, and
only gradually did the feasibility of—and the central
bank’s commitment to—the new targeting regime become
clear. These factors may also help explain why far-ahead
forward nominal rates and inflation compensation in Chile
remain fairly volatile and have exhibited somewhat of a
downward trend in the past few years.

Finally, the figure provides direct evidence against the
critique by Ball and Sheridan (2003) that there are no visi-
ble benefits from inflation targeting once initial conditions
and mean reversion are taken into account. The Ball and
Sheridan argument would predict that Canada, which
began from high levels of inflation expectations in the early
1990s, would tend to converge back toward the levels in the
United States over the 1990s. In contrast to this prediction,
however, we find that inflation expectations in Canada ac-
tually drop below those in the United States in 1997 and
then remain lower thereafter. This is a much stronger per-
formance than can be accounted for simply by a tendency
for reversion to the mean.

6. Conclusions

As in Gürkaynak, Sack, and Swanson (2005) and Gürkay-
nak, Levin, and Swanson (2006), we find that U.S. long-
term nominal interest rates and inflation compensation are
excessively sensitive to macroeconomic data releases and
monetary policy announcements. In contrast, we find that
long-term nominal interest rates and inflation compensa-
tion in Canada display much less sensitivity to economic
news, while the unconditional volatility of these series over
the past decade has been markedly lower than in the United
States. These results are consistent with the findings of
Gürkaynak, Levin, and Swanson (2006) for Sweden and
the United Kingdom, two countries that have also main-
tained explicit inflation targets in recent years.

In the case of Chile, the available sample period is fairly
short and only a limited set of macroeconomic news re-
leases are readily available. Nevertheless, our regression
analysis does not indicate any excess sensitivity of far-
ahead forward interest rates and inflation compensation,
which is consistent with the hypothesis that inflation target-
ing in Chile has been reasonably successful in anchoring
long-run inflation expectations. The unconditional volatility

37. The adoption of a target range for inflation (as opposed to a point) is
not, in itself, a reason for variability of long-term inflation expectations,
since the optimal monetary policy is always to aim for the midpoint of
the range, as noted previously in this paper and discussed in detail in
Orphanides and Wieland (2000).
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of these series, however, appears to be much higher in
Chile than in either Canada or the United States, perhaps
underscoring the extent to which the Chilean economy is
still in the process of converging to the economic and finan-
cial conditions of the more industrialized economies. In par-
ticular, only a small number of Chilean government securi-
ties are actively traded in bond markets, and the yields on
these securities may be quite sensitive to variations in liquid-
ity and other market frictions. While not entirely conclu-
sive, these results suggest that the presence of a transparent
and credible inflation objective can play an important role
in anchoring long-run inflation expectations in both emerg-
ing market economies and industrialized countries.

Our findings suggest that the potential welfare gains
from reduced bond market volatility would be an important
subject for future research. Although we have not demon-
strated any such welfare gains in this paper, existing
macroeconomic and finance theory identifies several possi-
bilities: for example, less persistent deviations of inflation
from target in the short and medium run as a result of
firmer anchoring of expectations at the long end (Wood-
ford 2003); a greater ability of the central bank to control
inflation in the short and medium run (Woodford 2003);
less volatile long-term nominal interest rates and lower risk
premiums on nominal rates, which would improve the
efficiency of investment decisions (Ingersoll and Ross
1992); and a reduced chance of either a 1970s-style expec-
tations trap for inflation (Albanesi, Chari, and Christiano
2003) or an imperfect-information-driven inflation scare
(Orphanides and Williams 2005). To the extent that these
benefits are important in practice as well as in principle,
adopting a more explicit inflation objective could improve
U.S. economic performance and U.S. monetary policy
even beyond the successes of the past 20 years.

Appendix

Data on U.S. macroeconomic statistical releases and fore-
casts were obtained from Money Market Services (MMS)
through July 2003, when that company merged with a
larger financial institution. Beginning in December 2003,
the same survey was produced again by Action Economics
(AE). Both data sets can be obtained from Haver Analytics
at www.haver.com. From August through November 2003,
we fill in the holes in the MMS/AE survey data using the
releases and forecasts reported by Bloomberg Financial
Services. For additional details about individual macroeco-
nomic series, see Gürkaynak, Sack, and Swanson (2003).

We obtained data on Canadian macroeconomic news re-
leases and financial market expectations of those releases
from two sources: Money Market Services and Bloom-
berg. When those data sets overlap, they agree very closely.
Between these two data sources, we have data on Canadian
capacity utilization, the consumer price index, core con-
sumer price index, employment, real GDP, retail sales, the
unemployment rate, and wholesale trade. Most of these se-
ries go back to 1996, and a few go back even farther. To
measure the surprise component of Canadian monetary
policy announcements, we obtained the dates of changes in
the Bank of Canada’s target overnight interbank rate back
to 1995 from the Bank of Canada’s web site, and we meas-
ured the surprise component of these changes using the
change in the three-month Canadian Treasury bill on the
dates of these monetary policy changes. The exact statistics
we use, including Bloomberg and MMS mnemonics for
those series, are reported in Table A1.

Data for Chile were obtained from the Bank of Chile, as
discussed in Section 5.

Table A.1
Data Sources for Canada

Series Data source Mnemonica Notes

Capacity utilization MMS {L,D,M}156CU Level, percent

Consumer price index Bloomberg cacpiyoy Year-on-year change, percent

Core CPI MMS {L,D,M}156CPXY Year-on-year change, percent

Employment MMS {L,D,M}156ED Month-on-month change, thousands

Real GDP MMS {L,D,M}156GPA Quarter-on-quarter change, percent

Retail sales Bloomberg carsmom Month-on-month change, percent

Unemployment rate Bloomberg caunemp Level, percent

Wholesale trade Bloomberg cawtmom Month-on-month change, percent

Monetary policy Bank of Canada Authors’ calculations from policy change dates 
and 3-month Canadian Treasury bill rate

a. This column reports the mnemonic used in the Bloomberg database for series obtained from Bloomberg and from the MMS database for series obtained from Money
Market Services.
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1. Introduction

The U.S. labor force has undergone significant changes
during the past several decades. Compared to 30 years ago,
the average worker today is older, more likely to be female,
and more educated. A key question for macroeconomic
forecasters and policymakers is whether and to what extent
these changes have influenced the values and patterns of
key aggregate measures of economic performance such as

the unemployment rate and wage inflation. While consider-
able research has documented the importance of changing
age structure and the entry of women for labor market out-
comes, much less is known about the influence of educa-
tional attainment on these variables.

In this paper, we examine how changes in the educa-
tional attainment of the U.S. labor force may affect aggre-
gate labor market outcomes and whether these effects are
sufficiently large to warrant ongoing attention from re-
searchers. Following past research that examined the ef-
fects of changes in age structure on unemployment and
wage inflation, we consider two basic methods for incorpo-
rating educational attainment into models of wage infla-
tion. Our empirical investigation begins with an adjustment
to the aggregate unemployment rate based on rising educa-
tional attainment, which appears empirically valid but does
not alter predictions of wage inflation obtained from aggre-
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gate Phillips curve estimates over our sample time frame
(1982–2006).

We also estimate Phillips curve models of wage inflation
that are disaggregated by educational attainment. We con-
sider first whether the unemployment–wage inflation rela-
tionship differs by group and second whether accounting
for these differences improves model fit and forecast 
performance. Our results point to important influences of
educational attainment on the relationship between unem-
ployment and wage inflation.

2. Background and Literature Review

2.1. Demographic Adjustments

The idea that demographic changes can have important
influences on aggregate unemployment was first high-
lighted in work by George Perry (1970). It is now common
practice in macroeconomic analysis and modeling to adjust
the aggregate unemployment rate as reported by the
Bureau of Labor Statistics (BLS) for changes in the age
and/or gender composition of the labor force (e.g., Brayton,
Roberts, and Williams 1999, Tulip 2004). These adjust-
ments are based on the idea that the amount of slack in the
aggregate labor market depends partly on the demographic
composition of the labor force, since equilibrium unemploy-
ment rates vary systematically across demographic groups.

The clearest and most empirically important example of
demographic adjustment pertains to changes in labor force
shares across age groups. Unemployment rates vary widely
across age groups, with rates for young adults and
teenagers typically running about two to three times those
for prime-age workers (ages 25 to 54) (see Figure 1). As
such, it is likely that shifts in the age structure of the popu-
lation caused by the maturation of the baby boom genera-
tion over the past few decades have substantially
influenced the aggregate unemployment rate, causing an
increase in the 1960s and 1970s when young baby
boomers were flooding the labor market and declines in
subsequent decades as the baby boomers eased into their
prime working years.

Shimer (1999) provided an extensive empirical analysis
of the contribution of changing age structure to U.S. unem-
ployment. He found that the rising share of young workers
accounted for an increase in the aggregate unemployment
rate of nearly 2 percentage points between 1959 and 1980
and a decline of nearly 11/2 percentage points in subsequent
years. Most of this pattern is attributable to the direct im-
pact of changing labor force shares on overall unemploy-
ment, although Shimer also identified important indirect
effects of changing labor force shares on relative unem-
ployment rates, which reinforced the direct effects. As

noted by Katz and Krueger (1999), however, the aging 
of the baby boom was important for explaining declin-
ing unemployment in the 1980s but explains little of the
additional decline in the observed unemployment rate in
the 1990s.

Researchers also have adjusted the aggregate unemploy-
ment rate for the rising labor force share of women (e.g.,
Perry 1970, Gordon 1982). However, as Shimer (1999)
shows, unemployment rates for women largely converged
with those for men after 1980, so that adjustments for
women’s changing labor force share have little impact on
the aggregate unemployment rate since then. Similar rea-
soning applies to adjustments for race: although unemploy-
ment rates tend to be higher for blacks than for whites in
the United States, relative stability in blacks’ labor force
share implies that adjusting for race has little impact on the
aggregate unemployment rate (Shimer 1999).

2.2. Education Adjustments

The same reasoning underlying adjustments for changes in
labor force composition due to population aging could also
apply to the educational composition of the labor force.
The educational attainment of the labor force has increased
substantially since 1970, primarily reflecting the rising

Figure 1
Unemployment Rates by Age 
(Relative to Aggregate), 1970–2005
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labor force share of individuals possessing a college degree
and the declining share of individuals who lack a high
school diploma (Figure 2).1 It is possible that these trends
have been important for the trend in aggregate unemploy-
ment, given the relatively low unemployment rate for col-
lege-educated individuals and high rate for those lacking a
high school diploma (Figure 3). The pattern of unemploy-
ment rates by educational attainment has been largely con-
stant since 1978, with the exception of a pronounced
upward trend in the relative unemployment rate of individ-
uals lacking a high school diploma through the year 2000
that was partly offset by a decline in their relative unem-
ployment rate after 2000.

Despite the potential importance of rising educational
attainment for aggregate unemployment, economists gen-
erally have rejected the use of educational adjustments to
the aggregate unemployment rate (e.g., Summers 1986,
Shimer 1999, Katz and Krueger 1999). These authors have
argued that relative educational attainment is likely to mat-
ter more for unemployment differentials than does absolute

educational attainment. For example, a rising share of 
college-educated workers increases job competition among
this group and also may increase employers’ unfavorable
treatment of workers with less education. As such, the un-
employment rates of both groups may rise, keeping overall
unemployment relatively constant despite the rising labor
force share of the group with lower unemployment.
Alternatively, an increase in individual productivity associ-
ated with higher educational attainment may cause work-
ers’ reservation (asking) wages to rise as well, offsetting the
direct effect of greater educational attainment on unemploy-
ment rates. In any case, the empirical evidence on longer-
term trends suggests relatively modest effects of changes in
educational attainment on unemployment: rising educa-
tional attainment has been observed over long time periods
in many countries without any clearly associated reduction
in average or equilibrium unemployment rates.

Despite these reservations about the impact of rising ed-
ucational attainment on equilibrium unemployment, other
research has discussed a possible causal link between edu-
cation and unemployment. In particular, Ashenfelter and
Ham (1979) and subsequent research has identified and an-
alyzed systematic behavioral differences across workers
with different levels of educational attainment. Most im-
portantly, workers with higher education tend to exhibit

1. Thanks to Terence McMenamin from BLS for providing the data used
in these figures. The discontinuous shift in the shares of individuals with
high school diplomas and “some college” in 1992 is due to a change in
household survey definitions.

Figure 2
Labor Force Shares by Educational Attainment,
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Figure 3
Unemployment Rates by Educational Attainment 
(Relative to Aggregate), 1970–2005
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greater job stability, which can arise due to the higher level
of training embodied in such workers (Mincer 1993,
Francesconi et al. 2000). This research suggests that rising
educational attainment may be systematically associated
with declining unemployment rates over time, thereby sup-
porting the application of educational adjustments to the
aggregate unemployment rate.

Ultimately, the validity and importance of education ad-
justments to the unemployment rate is an empirical issue.
To understand this point, it is important first to understand
how unemployment rate adjustments for changing labor
force composition are formed. In general, they are con-
structed by calculating the aggregate unemployment rate if
labor force shares for demographic or education groups are
held to a base-period value. If the actual labor force share
of low-unemployment groups rises subsequent to the base
year, the adjusted unemployment rate will rise relative to the
actual unemployment rate over time, because the adjusted
rate is calculated under the counterfactual assumption that
the share of low-unemployment groups does not rise.

This procedure implicitly relies on the assumption that
group-specific unemployment rates do not respond to
changes in group-specific labor force shares (i.e., an
“exogeneity” assumption). If this assumption does not
hold, the fixed-weight adjustment may overstate or under-
state changes in the aggregate unemployment rate associ-
ated with changing labor force shares per se. Contrary to
this exogeneity assumption, past work has found syste-
matic correlations between changes in labor force shares
and unemployment rates by demographic group. For 
example, Shimer (1999) found a positive correlation in
general between changes over time in labor force shares
and unemployment rates by age group. This finding sug-
gests a “crowding” effect, whereby competition for jobs in-
tensifies within demographic groups that grow relative to
the labor force as a whole and diminishes for groups that
shrink.2 Conversely, Shimer also uncovered a negative rela-
tionship between changes in labor force shares and unem-
ployment rates by educational group. This suggests that an
adjustment based on rising education alone is likely to
overstate the direct contribution of rising educational at-
tainment to declining unemployment rates, because the
high-unemployment groups (e.g., those lacking a high
school diploma) have experienced an increase in their rela-
tive unemployment rate.

Even ignoring this past evidence about indirect effects of
rising educational attainment on relative unemployment
rates, simply adding age and education adjustments together

may be misleading due to cohort effects that attenuate or
reinforce the separate effects of changing age and educa-
tion. For example, since rising educational attainment is
most pronounced in younger cohorts, its limiting influence
on aggregate unemployment may be muted because
younger workers tend to have high unemployment rates
(Figure 1). By contrast, adjusting the aggregate unemploy-
ment rate based on changing shares of groups defined
jointly by age and education may be more defensible than
summing separate adjustments based on demographics and
education. In addition to the elimination of cohort effects
within educational attainment groups, a joint adjustment
can exploit the higher labor market substitutability be-
tween groups defined jointly by age and education than
groups defined by age or education alone. Older workers
and those possessing college degrees may not be readily re-
placed by younger workers or those with less education,
whereas it may be more possible to substitute young work-
ers with college degrees for older workers without college
degrees, for example. Such substitutability across labor
market groups will limit the impact of changing labor force
shares on relative unemployment rates: if a particular labor
market group grows substantially, the crowding effect on
that group’s unemployment rate will be attenuated by the
labor market spillovers to substitutable groups.

These considerations suggest that an unemployment rate
series that is jointly adjusted for the changing age composi-
tion and educational attainment of the labor force may have
substantial empirical validity. This validity depends on the
exogeneity assumption noted earlier—i.e., that group-
specific unemployment rates do not respond to changes in
group-specific labor force shares. The validity of this as-
sumption can be investigated empirically by examining the
correlation between changes in group-specific unemploy-
ment rates and labor force shares for specific pairs of com-
parison years; under pure exogeneity, the correlation will
be zero. The appendix presents the results of this analysis.
Confirming Shimer’s results, there is a strong positive cor-
relation between changes in labor force shares and unem-
ployment rates for groups defined by age and in most cases
a strong negative correlation for groups defined by educa-
tion.3 However, for groups defined jointly by age and edu-
cation, there is very little correlation between changes in
labor force shares and changes in unemployment rates,
consistent with a relatively high degree of labor market

2. This pattern forms the basis for Shimer’s (1999) finding for a net ef-
fect (direct plus indirect) of changing age structure on equilibrium un-
employment that exceeds the direct effect alone.

3. We use five age groups for this analysis and for the age-adjusted un-
employment rate formed subsequently: 16 to 19, 20 to 24, 25 to 34, 35
to 54, and 55 and older. Our education breakdown uses the same four
groups displayed in Figures 2 and 3. For the joint age/education break-
down, we use four age groups and four education groups; see the appen-
dix for further details.
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substitutability or supply responsiveness across these
groups.4 These findings suggest that an adjustment to the
aggregate unemployment rate that jointly incorporates the
changing age and education structure of the labor force
provides a gauge of labor market tightness that is relatively
consistent over time.

2.3. Adjusted Unemployment Rates

Based on the considerations described in the preceding
subsection, we produce two alternative adjusted unemploy-
ment rate series for use in aggregate Phillips curve
specifications: the first is adjusted for changes in labor
force shares for groups defined only by age, and the second
is adjusted for changes in labor force shares for groups
defined jointly by age and education. These adjusted un-
employment series (U a ) are formed according to the fol-
lowing formula:

(1) U a
t ≡

∑

i∈I

ωi0 × uit ,

where t denotes an arbitrary time period and 0 represents
the base period, i represents a particular group within the
entire set of groups I, and uit represents the unemployment
rate for group i in period t. The weighting term ωi0 repre-
sents the labor force share of a particular group in the base
period (if the weights are set equal to labor force shares at
time t, this formula produces the observed unemployment
rate). Thus, the adjusted unemployment rate represents the
unemployment rate if the labor force shares of a complete
set of age or age and education groups had remained fixed
at their base-year values.5

For purposes of systematic comparison and the empiri-
cal analysis in Section 3, we also use the official unem-
ployment rate from BLS. Figure 4 displays the three
aggregate unemployment rate series that we use for the pe-
riod 1976 through the first quarter of 2006; in this figure,
the adjusted series are normalized to equal the official se-

ries in 1978.6 The figure shows that, as expected, the gap
between the actual aggregate unemployment rate and the
rate adjusted jointly for changing age and education has in-
creased, although the pace of increase has moderated over
time; the gap was 0.9 percentage point in 1989 and rose to
1.4 percentage points in 2006. Growth in the gap between
the actual rate and the rate adjusted for age also slowed
over time, rising from 0.5 percentage point in 1989 to 0.8
percentage point in 2006.

2.4. Disaggregated Estimates

While adjustments for changes in educational attainment
matter substantially for measurement of the aggregate un-
employment rate, such adjustments may not fully capture
the labor market changes associated with rising education
levels. In particular, the wage inflation process embodied in
the Phillips curve may differ across worker groups defined
by characteristics such as age or education; the impact of
such differences will not be captured by an aggregate 
unemployment rate variable that is adjusted for changing
educational attainment.

4. This is not an artifact of the offsetting positive and negative correla-
tions evident for groups defined respectively by age and education; see
the appendix.

5. The approach to demographically adjusted unemployment series de-
veloped by Perry (1970) and also used by Gordon (1982) is similar to
the one described here but weights groups based on their total annual
earnings rather than their labor force shares. Shimer (1999) showed that
an age adjustment based on labor force shares is consistent with a model
in which younger workers experience more unemployment due to lower
job attachment, which is similar to the arguments made here about un-
employment differences by educational status. Perry’s earnings-based
weights are more consistent with a model of wage inflation (based on
the “wage push” created by shortages of workers earning different wage
rates) rather than equilibrium unemployment.

6. Shimer (1999) identified 1978 as the year in which the age structure
of the U.S. population was the most conducive to high unemployment
rates of any year during the post-World War II period.

Figure 4
Unemployment Rates, 1976:Q1–2006:Q2
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Baily and Tobin (1977) examined the possibility of dif-
ferent wage inflation processes with specific reference to
teenagers vs. adults, analyzing the conditions under which
policy interventions such as wage subsidies targeted at
teenagers can exploit the differences in Phillips curve
slopes across the two groups and lower the equilibrium un-
employment rate. Their analysis relies on the generally ac-
cepted notion that teenagers and adults largely work in
separate (segmented) labor markets—i.e., that in general
they do not compete for the same jobs. Similar reasoning
applies to groups defined by education, perhaps with
greater force: a specified minimum level of educational at-
tainment is a key requirement for many jobs, especially for
college graduates.

Francesconi et al. (2000) provided a theoretical frame-
work and empirical analysis of segmented labor markets
across educational groups based on systematic differences
in training costs and turnover across these groups. Their re-
sults imply that groups defined by educational attainment
will face different Phillips curve relationships, implying
lower equilibrium unemployment rates for more-educated
groups.

The analysis of Francesconi et al. provides some support
for the hypothesis that the equilibrium unemployment rate
declines as educational attainment rises. By contrast, some
authors have emphasized the role of technological change
in recent decades, which may interact with rising educa-
tional attainment to increase overall unemployment. In par-
ticular, to the extent that the rising share of highly educated
workers reflects rising skill demand associated with tech-
nological change, the flip side is stagnant demand for low-
skilled workers, which may increase their unemployment
rates and the aggregate equilibrium rate as well (Juhn,
Murphy, and Topel 1991, Blanchard and Katz 1997,
Trehan 2003).

These opposing views of the relationship between rising
educational attainment and equilibrium unemployment call
for an empirical assessment of the relationship between ag-
gregate wage inflation and labor markets segmented by ed-
ucational status. To this end, in addition to our aggregate
Phillips curve equations, in Section 4 we estimate separate
(disaggregated) Phillips curve equations by educational 
attainment groups and assess whether they provide im-
proved forecasts of wage inflation compared with aggre-
gate equations.

3. Phillips Curve Estimates and the Natural Rate

We now turn to estimates of the aggregate Phillips curve
relationship between wage inflation and unemployment.
For estimation purposes, we rely on a standard “wage-
wage-price” Phillips curve (see, e.g., Fuhrer 1995, Gordon

1998, and Staiger, Stock, and Watson 2001), which posits
that wage inflation is a function of past wage inflation and
price inflation as well as a measure of labor market tight-
ness (the unemployment rate) and a limited set of other
control variables. Our intent is not to identify and estimate
the “best” forecasting model for wage inflation, but rather
to assess the role of incorporating measures of educational
attainment in a standard Phillips curve specification. As
such, we focus on a general model that we found fits the
data well, without claiming that it fits better than all avail-
able alternatives. We also performed some robustness
checks based on another broad model, as described below.

For our aggregate Phillips curve analysis, we regress the
quarterly percentage change in wages (expressed at an an-
nual rate) on lagged wage changes, lagged price changes,
lagged values of trend productivity growth, a measure of
employer contributions to social security taxes, and a
measure of the unemployment rate.7 Based on past conven-
tions and our own specification checks, these equations in-
clude eight lags of the dependent variable with the
coefficients on lags five through eight set to be equal, one
lag of the sum of the four-quarter change in core personal
consumption expenditure (PCE) prices and a measure of
trend productivity growth, with a unity constraint imposed
on the sum of the coefficients on lagged wage inflation and
productivity-adjusted price inflation, a measure of employ-
ment insurance taxes, and an unemployment rate variable.
We also constrained the sum of the coefficients on the
lagged dependent variables to equal one; this follows stan-
dard convention and is consistent with a relatively stable
rate of wage growth relative to price inflation and produc-
tivity growth over our sample time frame.

We estimate our models for two dependent variables,
one measuring total compensation and the other wage
compensation. Both measures come from the employment
cost index (ECI) published by BLS. The total ECI series
measures total compensation for private sector workers;
this series includes the value of employee benefits such as
health insurance but does not include nonstandard compen-
sation components such as stock options and bonuses. The
wage ECI series excludes benefits. The ECI series are
“fixed weight” indices that eliminate compensation
changes due to shifts in the job mix over time.8

7. Relative to past work such as Fuhrer (1995) and Gordon (1998), we
do not include measures of supply shocks such as energy and import
prices, because these are not substantively important over our sample
time frame.

8. We also performed the estimation on two other BLS compensation se-
ries: compensation per hour (CPH) and average hourly earnings (AHE).
The results were qualitatively and quantitatively similar to those reported
below for the ECI series. Ritter (1996) provides a useful discussion of
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We measure trend productivity growth using a 40-
quarter moving average of quarterly productivity growth.9

For price inflation, we use a “core” measure—the PCE
deflator excluding food and energy—to minimize the
influence of short-run volatility in overall price inflation
that introduces noise relative to the underlying inflation
trend. The sample period is 1982:Q2 through 2006:Q2; this
start date is necessitated by the availability of the ECI be-
ginning in the first quarter of 1980 and the presence of
eight lags in our estimating equations.10

For each wage variable, we estimated three separate
equations using the three different unemployment rates de-
scribed in Section 2.3: the official BLS unemployment
rate, the age-adjusted unemployment rate, and the unem-
ployment rate jointly adjusted for age and education.11 A
comparison of results based on these three variables indi-
cates the incremental impact of adjusting for changes in
age structure and changes in educational attainment. The
equilibrium or “non-accelerating (wage) inflation” rate of
unemployment (NAIRU) is the rate of unemployment that
exerts neither downward nor upward pressure on wage
inflation, given expectations of price inflation. In line with
the standard computation, in our framework the estimated
NAIRU is equal to the negative ratio of the constant term to
the coefficient on the unemployment rate (see, e.g., Staiger,
Stock, and Watson 1997). Below, we transform the esti-
mated NAIRUs based on models using each of the adjusted
unemployment rates into the terms of the observed unem-
ployment rate. As such, we estimate a constant NAIRU in
models that include the official unemployment rate but a
NAIRU that varies based on the gap between the adjusted
and observed unemployment rate for models using the ad-
justed variables.

The estimates based on this equation are displayed in
Table 1. The results indicate virtually no difference in fit
across the three equations and no improvement from incor-
porating adjustments for educational attainment. The
coefficient on the unemployment rate is around –0.5 to
–0.75 and precisely estimated in general, achieving statisti-

cal significance at better than the 1 percent level in almost
all cases. The root mean squared error (RMSE) of the re-
siduals is lowest when the official unemployment rate is
used, indicating that including this variable makes the
equation fit best. The difference in fit is quite small, how-
ever. To examine the issue of relative fit in more detail,
Figures 5 and 6 display residual plots (actual minus pre-
dicted rates of wage inflation) for the three unemployment
rates for the ECI total and ECI wage series.12 Consistent
with the fit statistics in the table, the residual plots for the
models adjusted for demographics and education generally
track each other. The specification including adjustments
for educational attainment fits better in the mid-1990s, a
period when many models were overpredicting wage
inflation. However, this advantage has unwound over the
past several years, during which both models generally
overpredict wage inflation.

Despite the minimal difference in fit across the equa-
tions using different unemployment rates, the NAIRUs im-
plied by the official and adjusted series are noticeably
different. Notably, the NAIRU obtained from the equations
including adjustments for educational attainment fluctuate
more over time than the one based on the simple demo-
graphic adjustment. The time-series patterns in the
NAIRUs are displayed in Figures 7 and 8, which parallel

the differences between these series; for additional information, see the
technical materials that accompany the relevant BLS data releases.

9. We use the moving average specification rather than sample mean
productivity because past results suggest that accounting for the increase
in trend productivity growth in the 1990s is important for the stability of
estimated Phillips curves in samples that include this period (e.g.,
Staiger, Stock, and Watson 2001). 

10. We performed similar analyses over the longer sample periods en-
abled by the AHE and CPH variables, without any substantive change in
our results.

11. We use the contemporaneous value of the unemployment rate, which
provides a better fit than any combination of lagged values in our pri-
mary specification.

Table 1
Phillips curve Models by Alternative Measures 
of Unemployment, 1982:Q2–2006:Q2

Employment cost index, Employment cost
total compensation index, wages

Official BLS unemployment
rate coefficient – 0.55 (0.12) – 0.76 (0.14)

RMSE 0.861 0.818
Mean NAIRU 5.32 5.52

Age-adjusted unemployment 
rate coefficient – 0.55 (0.13) – 0.72 (0.15)

RMSE 0.868 0.832
Mean NAIRU 5.38 5.56

Age/education-adjusted unemployment
rate coefficient – 0.51 (0.13) – 0.63 (0.14)

RMSE 0.876 0.849
Mean NAIRU 5.41 5.58

Note: See text for complete specification. Coefficient standard errors are in
parentheses. Each NAIRU is expressed in terms of the official BLS unemploy-
ment rate.

12. There is weak evidence of upward trends in the residuals in these
models, which is slightly more pronounced in the models that use the
unemployment rate adjusted for changing age and education. However,
this tendency towards trended residuals is not a specific feature of that
variable; see the discussion of our alternative specification below.
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Figure 5
Residuals, ECI Total Model, 1983:Q1–2006:Q2
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Figure 6
Residuals, ECI Wage Model, 1983:Q1–2006:Q2
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Figure 7
NAIRUs, ECI Total Model, 1982:Q1–2006:Q2
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Figure 8
NAIRUs, ECI Wage Model, 1982:Q1–2006:Q2
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the residual plots in Figures 5 and 6. Although the equa-
tions are specified to yield time-invariant NAIRUs, the
NAIRUs in the figures are expressed in terms of the ob-
served unemployment rate and as such reflect the move-
ment over time in the gaps between the adjusted and actual
unemployment rates. The NAIRUs obtained from equa-
tions using the official unemployment rate series vary from
5.3 to 5.5 percent. By contrast, the NAIRU series obtained
using the adjusted unemployment rates generally drop
from just over 6 percent at the start of our sample time
frame down to about 5 to 51/4 percent at the end. These
NAIRUs implied by the adjusted unemployment rates are
generally within or near the range of commonly used esti-
mates. For example, in its economic analyses and projec-
tions, the U.S. Congressional Budget Office (CBO) has
assumed that the NAIRU has equaled 5.0 percent since the
third quarter of 2000, down from a peak of about 61/4 per-
cent in the late 1970s (U.S. CBO 2007). The NAIRU series
implied by the unemployment series adjusted for age and
that adjusted jointly for age and education differ little, sug-
gesting that accounting for education makes little differ-
ence for estimates of the relationship between labor market
tightness and wage inflation.

The NAIRU obtained from the model with educational
attainment exhibits greater variability due to the cyclical
sensitivity of labor force shares for groups defined by age
and educational attainment. Further investigation of this
variability shows that in economic downturns the secular
decline in the labor force share of less-educated workers
accelerates for some demographic groups, as they dispro-
portionately exit the labor force. In economic expansions,
the pattern reverses, offsetting the secular decline and re-
sulting in little change in labor force shares for these
groups. In the late 1990s, this general pattern changed, as
the entry of less-educated workers picked up substantially.
The pickup likely reflects the unusually tight labor market
conditions of those years and institutional factors such as
welfare reform, elimination of Supplemental Security
Income for immigrants, and changes in eligibility rules for
disability benefits. These developments reduced the gap
between the unemployment rate adjusted for educational
attainment and the unemployment rate adjusted for demo-
graphics alone. More generally, the relatively low level of
the NAIRU incorporating educational attainment ex-
plains why this model does a slightly better job predicting
wage inflation in the mid-1990s than the other unemploy-
ment series.

The substantially lower NAIRUs obtained when using
the adjusted unemployment rates versus the observed rate
may seem surprising. For example, by early 2006 the
NAIRUs implied by the adjusted rates were about four-
tenths of a point lower than the NAIRU obtained using the

official rate, suggesting that the rate of wage growth im-
plied by the models relying on the adjusted unemployment
rates should be lower than that obtained using the official
rate. The residual plots in Figures 5 and 6 show that this is
indeed the case, with generally higher residual values evi-
dent in recent years for the models using the adjusted se-
ries. However, the difference in residuals is quite small in
general, because the estimated coefficients on the unem-
ployment rate translate into variation in the rate of wage
inflation that is smaller than the gap between the observed
unemployment rate and the NAIRU. In early 2006, the
four-tenths of a point spread in the NAIRUs implies a
spread of about two-tenths of a point in the predicted rates
of wage growth, which is approximately the spread evident
in the residuals.

For comparison, we also estimated these models using
the alternative specification of Staiger, Stock, and Watson
(2001; SSW). This specification has a less-complicated lag
structure (four lags of the dependent variable) and is more
restrictive with respect to the relationship between growth
in wages, productivity, and prices than our primary model
(i.e., it is estimated in terms of growth in unit labor costs).
As in our primary model, we imposed the restriction that
the lags on the dependent variable sum to one. Relative to
the results discussed above, the residuals show less ten-
dency to trend in the SSW specification, and the residual
trend is especially limited for the unemployment series that
is adjusted jointly for age and education. This model fit
best with two lags of the unemployment rate replacing the
contemporaneous values used in our primary specification.
However, the overall fit generally is poorer in this alterna-
tive specification than in our primary specification, except
for the runs that use compensation per hour as the depend-
ent variable. Beyond these differences in fit, our primary
finding that adjusting for education makes little difference
for predicted wage inflation is maintained. However, this
alternative specification produces noticeably lower NAIRUs
than our primary specification, with implied NAIRUs
based on the adjusted series generally in the range of 4.5 to
5.0 percent in recent years.

Overall, the results from our aggregate analyses suggest
that the inclusion of an educational adjustment does not im-
prove forecasts of wage inflation obtained from aggregate
Phillips curve estimates. Indeed, incorporating education
causes the fit to deteriorate slightly, and the NAIRU implied
by the series adjusted jointly for age and education differs
little from that implied by the series adjusted only for age.

4. Disaggregated Estimates

As discussed in Section 2.4, the influence of rising educa-
tional attainment on wage inflation may not be fully cap-
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tured by an adjustment to the aggregate unemployment
rate, due to segmentation across labor markets and corre-
sponding differences in the wage inflation process across
groups defined by educational attainment. Such differences
and their implication for forecasts of wage inflation can be
more fully investigated in a disaggregated framework. To
explore further the information provided by the labor mar-
ket outcomes for different education groups, we turn to
Phillips curve models that are disaggregated by educa-
tional attainment.

Our specification for the disaggregated analysis is a sim-
plified version of our aggregate Phillips curve specification
described in the previous section. For each of the four edu-
cational attainment groups identified earlier, we estimate
separate wage-price Phillips curve equations based on an-
nual data.13 In these models, annual wage inflation for each
group is regressed on overall price inflation (current and
lagged) and the group-specific unemployment rate. The
wage inflation term is defined as the annual percentage
change in average hourly earnings; these series are ob-
tained from the Employment Policy Institute (EPI) and are
based on their tabulations from the monthly files from the
Current Population Survey (CPS).14 Price inflation is de-
fined as the 12-month percent change in the core consumer
price index for all urban consumers (CPI-U), which ex-
cludes food and energy prices. Our specification checks in-
dicate that the best fit is obtained when we include the
contemporaneous value of price inflation and its first lag.
Unemployment rates and labor force shares by educational
attainment are tabulated from the monthly CPS files. Our
sample period is 1983–2006; values for 2006 are based on
the average of the first two quarters.

Our disaggregated analysis involves two parts. First, for
each group, we estimate the simplified model and test for
the equality of the coefficients on the unemployment rate
across equations. The equations are estimated using the
technique of “seemingly unrelated regression” (SUR),
which accounts for arbitrary correlation across the error
terms in the separate group equations (Zellner 1962). In the
second part of our examination, we aggregate the results
(weighted by labor force shares) and compare them with

the estimates from an aggregate model using the same data
and specification.

Consistent with theories of labor market segmentation
by educational attainment, the results of our disaggregated
analysis indicate sizeable differences in the estimated slope
of the Phillips curves by educational attainment (Table 2,
top panel, four-group model). The sensitivity of wages to
the group-specific unemployment rate is higher for individ-
uals at the college degree level than for other workers. The
results of the chi-squared test displayed in the table show
that these differences in the slopes of the Phillips curves
across education groups are significant at about the 5-
percent level, suggesting that the aggregate Phillips curve
model is misspecified and that the disaggregated
specification provides added information for predicting ag-
gregate wage growth. Our robustness checks include esti-
mating a two-group model that combines individuals
possessing less than a four-year college degree into a single
group (see the bottom panel of Table 2)—to focus on de-
mand shifts toward college-educated workers over our
sample frame (see e.g. Lemieux 2006)—and using wage
shares in place of labor force shares to aggregate the results
(see the standard error of the regression (SER) for wage
weights listed in both panels of Table 2). Neither of these
changes makes a qualitative difference to our findings.
However, the chi-squared test does not reject equality of
the unemployment rate coefficients at conventional
significance levels in the two-group model, suggesting that
the four-group model is preferred.

Turning to comparisons of the aggregate and the fully
disaggregated models, Table 2 and Figure 9 provide quan-
titative and visual evidence on the added information ob-
tained through disaggregation. The last row of the table
(both panels) reports the SER for the aggregate and disag-
gregated models. The SER values are noticeably lower for
the four-group disaggregation (using either labor force
weights or wage weights for aggregation) than for the ag-
gregate equation, indicating that the disaggregated equa-
tions provide more precise in-sample forecasts of overall
wage inflation. Figure 9 plots the time series of the residu-
als in the two models. While these plots generally track
each other, the superior fit of the disaggregated model is
reflected in the more limited residual spikes in the early
and late 1990s. This pattern suggests that the disaggregated
approach does a better job of capturing increases in the rate
of wage inflation when the labor market tightens (i.e., the
disaggregated model shows less tendency to underpredict
the pace of wage growth during these periods).

Finally, as in the aggregate analysis, it is useful to con-
sider how accounting for education affects estimates of the
NAIRU. Consistent with the notion that there are barriers
across labor markets defined by educational attainment, we

13. Compared with the quarterly frequency used for the aggregate
analyses in the preceding section, the annual data used for the disaggre-
gated analyses yield more reliable estimates of average hourly earnings
by educational attainment. In addition, reliance on a simplified Phillips
curve model allows us to sidestep complex issues such as estimating
trend productivity growth by educational attainment; this specification is
similar to the specification of the aggregate Phillips curve used by
Blanchard and Katz (1997).

14. The data files and a detailed description can be found at
www.epinet.org. These data have been used by other researchers doing
similar analysis, e.g., Katz and Krueger (1999).
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find sizeable differences in the NAIRUs estimated for each
group. Based on the model presented in Table 2 we find a
NAIRU of about 3 percent for college-educated workers
compared with a NAIRU of about 11 percent for workers
lacking a high school diploma. By contrast, the NAIRU ob-
tained from the aggregate equation is 5.4 percent, which
hides considerable variation in equilibrium labor market
conditions across groups.

Moreover, it is possible to combine the group-specific
NAIRUs to produce an aggregate NAIRU based on the dis-
aggregated results (again using labor force weights for ag-
gregation). As displayed in Figure 10, the overall NAIRU
obtained from the disaggregated equations is below the ag-
gregate NAIRU over our entire sample frame and falling
over time. This pattern arises because the disaggregate
equations more accurately capture the overall sensitivity of
wages to the unemployment rate than does the aggregate
equation. This can be seen in Table 2, where the coeffi-
cients on the group-specific unemployment rates in the
four-group model in general are larger in absolute value
than the corresponding coefficient from the aggregate
equation (with the sole exception of the equation for indi-
viduals lacking a high school diploma). This higher sensi-
tivity of group-specific wages to the unemployment rate is
consistent with labor market segmentation by educational

Table 2
Phillips Curve Models, Fully Disaggregated by Education: Annual Data, 1983–2006

Educational attainment of wage earner (SUR)

Four educational groups

Independent Aggregate Less than High school Some College degree
variable equation high school diploma diploma college or more

Unemployment rate –0.91 (0.21) –0.73 (0.14) –0.94 (0.11) –1.24 (0.20) –1.71 (0.47)
Constant 4.93 (1.08) 8.13 (1.70) 5.55 (0.71) 5.70 (0.92) 5.12 (1.21)
RMSE 0.835 1.203 0.744 0.832 1.150

Test of cross-equation equality on unemployment rate coefficients 
χ2(3) = 7.68
Prob > χ2 = 0.0530

Standard error of the regression (SER) 0.915 SER (labor force weights) 0.752
SER (wage weights) 0.818

Two educational groups

Less than college degree College degree or more

Unemployment rate –0.83 (0.14) –1.43 (0.59)
Constant 5.05 (0.92) 4.41 (1.51)
RMSE 0.732 1.147

Test of cross-equation equality on unemployment rate coefficients
χ2(1) = 1.13
Prob > χ2 = 0.2870
SER (labor force weights) 0.724
SER (wage weights) 0.935

Note: Coefficient standard errors in parentheses. Disaggregated results based on SUR framework (see text).

Figure 9
Residuals, Disaggregated and Aggregate 
Phillips Curves (Four Groups, 1983–2006)

2

1

0

–1

–2

–3

Percent

83 85 87 89 91 93 95 97 99 01 03 05

Disaggregated
equations

Aggregate equation

Note: Disaggregated results from SUR model, aggregated by labor force shares.
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attainment, and it is critical for the better in-sample predic-
tions obtained using the disaggregated framework.

5. Conclusions

We find that incorporating an educational adjustment into
the aggregate unemployment rate does not improve the fit
of a standard Phillips curve specification, despite the
finding that rising educational attainment has reduced equi-
librium aggregate unemployment over the past three
decades. The limited impact of an aggregate educational
adjustment arises due to the limited sensitivity of wage
inflation to differences in the unemployment rate in stan-
dard Phillips curve models.

On the other hand, we find that disaggregating the
Phillips curve estimates by educational group improves 
the in-sample predictions of wage inflation. Underlying
this improvement in fit are significant differences in the
slopes of the group-specific Phillips curves. These results
suggest that our understanding of the dynamics of unem-
ployment and wage inflation may be improved through
consideration of the role of educational attainment, partic-
ularly in the context of disaggregated analyses. Additional
investigation with expanded data and more elaborate mod-
els seems warranted, along with analysis of out-of-sample
forecast accuracy.

Appendix
Validating Adjustments 
to Aggregate Unemployment

Simple demographic adjustments to the aggregate unem-
ployment rate are formulated by calculating what the aggre-
gate unemployment rate would be if labor force shares for
demographic groups remained fixed at a base period value.
A similar procedure can be applied to groups defined jointly
by demographic characteristics and educational attainment.

In the paper, we focus on two adjusted unemployment
rate series:
(1) the unemployment rate adjusted for age. The adjust-
ment is based on the labor force shares in 1978 of five
groups defined by age: 16 to 19, 20 to 24, 25 to 34, 35 to
54, and 55 and older.
(2) the unemployment rate adjusted jointly for age and ed-
ucation. The adjustment is based on the 1978 labor force
shares of groups defined by the interaction of age groups
and education groups. The age groups used are the same as
in (1), but with ages 25 to 34 and 35 to 54 combined. The
education groups consist of individuals without a high
school diploma, those with a high school diploma, those
with some college experience, and those with a college de-
gree or more. This four-by-four breakdown produces 16
groups defined by their age range and educational attain-
ment. To account for age limitations on the distribution of
educational attainment and consequent sparse cells, indi-
viduals aged 16 to 19 who report educational attainment of
“some college” or a college degree are included in the “high
school graduate” group, yielding a total of 14 groups.

The adjustment procedure relies in part on the assump-
tion that group-specific unemployment rates do not re-
spond to changes in group-specific labor force shares (i.e.,
an “exogeneity” assumption; see Shimer 1999). If this as-
sumption does not hold, the fixed-weight adjustment may
overstate or understate changes in the aggregate unemploy-
ment rate associated with changing labor force shares per
se. The exogeneity assumption can be investigated empiri-
cally by examining the correlation between changes in
group-specific unemployment rates and labor force shares
for specific pairs of comparison years; under pure exogene-
ity, the correlation will be zero. As shown in Table A1, this
correlation in general is substantially smaller (in absolute
value) for groups defined jointly by age and education than
for groups defined separately by age and education, indi-
cating that the joint breakdown by age and education
fulfills the exogeneity condition better than do separate
breakdowns by age and education.15 This finding is not a

Figure 10
NAIRUs, Disaggregated and Aggregate 
Phillips Curves (Four Groups, 1983–2006)
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15. These calculations are based on annual averages of the underlying
non-seasonally adjusted quarterly series. The criteria used to choose the
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mechanical artifact of the generally offsetting positive and
negative correlations for groups defined separately by age
and education: for changes between 1989 and 2000, the
correlations are positive for age and education groups but
substantially smaller for groups defined jointly by age and
education.
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1989–2005 – 0.013 0.061 – 0.023
1989–2000 0.467 0.602 0.193
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year pairs displayed included similar points on the business cycle, simi-
lar unemployment rates, years that fall within or near our sample time
frame, and use of the most recent full year of data, 2005. Shimer (1999)
defined and used a “pseudo-correlation” that produces only slightly dif-
ferent results than the simple correlation used here.
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WP 2006-01
Higher-Order Perturbation Solutions 
to Dynamic, Discrete-Time Rational
Expectations Models

Eric T. Swanson, FRB San Francisco
Gary Anderson, Federal Reserve Board of Governors
Andrew Levin, Federal Reserve Board of Governors

We present an algorithm and software routines for comput-
ing nth-order Taylor series approximate solutions to 
dynamic, discrete-time rational expectations models
around a nonstochastic steady state. The primary advan-
tage of higher-order (as opposed to first- or second-order)
approximations is that they are valid not just locally but
often globally (i.e., over nonlocal, possibly very large com-
pact sets) in a rigorous sense that we specify. We apply our
routines to compute first- through seventh-order approxi-
mate solutions to two standard macroeconomic models, a
stochastic growth model and a life-cycle consumption
model, and discuss the quality and global properties of
these solutions.

WP 2006-02
Monetary Policy Shocks, Inventory
Dynamics, and Price-setting Behavior

Yongseung Jung, Kyunghee University
Tack Yun, Federal Reserve Board of Governors

In this paper, we estimate a VAR model to present an em-
pirical finding that an unexpected rise in the federal funds
rate decreases the ratio of sales to stocks available for sales,
while it increases finished goods inventories. In addition,
dynamic responses of these variables reach their peaks sev-
eral quarters after a monetary shock. In order to understand
the observed relationship between monetary policy and
finished goods inventories, we allow for the accumulation
of finished goods inventories in an optimizing sticky price
model, where prices are set in a staggered fashion. In our
model, holding finished inventories helps firms to generate

more sales at given prices. We then show that the model
can generate the observed relationship between monetary
shocks and finished goods inventories. Furthermore, we
find that allowing for inventory holdings leads to a Phillips
curve equation, which makes the inflation rate depend on
the expected present-value of future marginal cost as well
as the current periodicals marginal cost and the expected
rate of future inflation.

WP 2006-03
Could Capital Gains Smooth 
a Current Account Rebalancing?

Michele Cavallo, FRB San Francisco
Cédric Tille, FRB New York

A narrowing of the U.S. current account deficit through ex-
change rate movements is likely to entail a substantial de-
preciation of the dollar, as stressed in the widely cited
contribution by Obstfeld and Rogoff (2005). We assess
how the adjustment is affected by the high degree of inter-
national financial integration in the world economy. A
growing body of research stresses the increasing leverage
in international financial positions, with industrialized
economies holding substantial and growing financial
claims on each other. Exchange rate movements then lead
to valuation effects as the currency compositions of a coun-
try’s assets and liabilities are not matched. In particular, a
dollar depreciation generates valuation gains for the U.S.
by boosting the dollar value of the large amount of its for-
eign-currency denominated assets. We consider an adjust-
ment scenario in which the U.S. net external debt is held
constant. The key finding is that, while the current account
moves into balance, the pace of adjustment is smooth.
Intuitively, the valuation gains stemming from the depreci-
ation of the dollar allow the U.S. to finance ongoing, albeit
shrinking, current account deficits. We find that the smooth
pattern of adjustment is robust to alternative scenarios, 
although the ultimate movements in exchange rates are 
affected.
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Market-Based Measures 
of Monetary Policy Expectations

Refet Gürkaynak, Bilkent University
Brian Sack, Federal Reserve Board of Governors
Eric T. Swanson, FRB San Francisco

Forthcoming in 
Journal of Business and Economic Statistics.
See p. 88 for the abstract of this paper.

WP 2006-05
Sovereign Debt, Volatility, and Insurance

Kenneth Kletzer, University of California, Santa Cruz

External debt increases the vulnerability of indebted
emerging market economies to macroeconomic volatility
and financial crises. Capital account reversals often lead to
sovereign debt repayment crises that are only resolved after
prolonged and difficult debt restructuring. Foreign indebt-
edness exacerbates domestic financial distress in crisis, in-
creasing both the incidence and severity of emerging
market crises. These outcomes contrast with the presump-
tion that access to international capital markets should help
countries to smooth domestic consumption and investment
against macroeconomic shocks. This paper uses models of
sovereign to reconsider the role of sovereign debt rene-
gotiation for international risk-sharing and presents an 
approach for analyzing contractual innovations for imple-
menting contingent debt repayments. The financial innova-
tions that might allow risk-sharing rather than risk-
inducing capital flows go beyond contractual changes that
ease debt renegotiation by separating contingent payments
from bonds.

WP 2006-06
Five Open Questions 
about Prediction Markets

Justin Wolfers, University of Pennsylvania
Eric Zitzewitz, Stanford University

Interest in prediction markets has increased in the last
decade, driven in part by the hope that these markets will
prove to be valuable tools in forecasting, decisionmaking,
and risk management—in both the public and private sec-

tors. This paper outlines five open questions in the litera-
ture, and we argue that resolving these questions is crucial
to determining whether current optimism about prediction
markets will be realized.

WP 2006-07
Pegged Exchange Rate Regimes—A Trap?

Joshua Aizenman, University of California, Santa Cruz
Reuven Glick, FRB San Francisco

Forthcoming in Journal of Money, Credit, and Banking.
See p. 79 for the abstract of this paper.

WP 2006-08
Partisan Impacts on the Economy: 
Evidence from Prediction Markets 
and Close Elections

Erik Snowberg, Stanford University
Justin Wolfers, University of Pennsylvania
Eric Zitzewitz, Stanford University

Political economists interested in discerning the effects of
election outcomes on the economy have been hampered by
the problem that economic outcomes also influence elec-
tions. We sidestep these problems by analyzing movements
in economic indicators caused by clearly exogenous
changes in expectations about the likely winner during
election day. Analyzing high frequency financial fluctua-
tions on November 2 and 3 in 2004, we find that markets
anticipated higher equity prices, interest rates, and oil
prices and a stronger dollar under a Bush presidency than
under Kerry. A similar Republican-Democrat differential
was also observed for the 2000 Bush-Gore contest. Pre-
diction market-based analyses of all presidential elections
since 1880 also reveal a similar pattern of partisan impacts,
suggesting that electing a Republican president raises 
equity valuations by 2 to 3 percent and that, since Reagan,
Republican presidents have tended to raise bond yields.
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WP 2006-09
Does Inflation Targeting Anchor 
Long-Run Inflation Expectations? 
Evidence from Long-Term Bond Yields 
in the U.S., U.K., and Sweden

Refet Gürkaynak, Bilkent University
Andrew T. Levin, Federal Reserve Board of Governors
Eric T. Swanson, FRB San Francisco

We investigate the extent to which inflation targeting helps
anchor long-run inflation expectations by comparing the
behavior of daily bond yield data in the United Kingdom
and Sweden—both inflation targeters—to that in the
United States, a non-inflation-targeter. Using the difference
between far-ahead forward rates on nominal and inflation-
indexed bonds as a measure of compensation for expected
inflation and inflation risk at long horizons, we examine
how much, if at all, far-ahead forward inflation compensa-
tion moves in response to macroeconomic data releases
and monetary policy announcements. In the U.S., we find
that forward inflation compensation exhibits highly
significant responses to economic news. In the U.K., we
find a level of sensitivity similar to that in the U.S. prior to
the Bank of England gaining independence in 1997, but a
striking absence of such sensitivity since the central bank
became independent. In Sweden, we find that forward
inflation compensation has been insensitive to economic
news over the whole period for which we have data. Our
findings support the view that a well-known and credible
inflation target helps to anchor the private sector’s percep-
tions of the distribution of long-run inflation outcomes.

WP 2006-10
Methods for Robust Control

Richard Dennis, FRB San Francisco
Kai Leitemo, Norwegian School of Management
Ulf Söderström, Bocconi University

Robust control allows policymakers to formulate policies
that guard against model misspecification. The principal
tools used to solve robust control problems are state-space
methods (see Hansen and Sargent 2006 and Giordani and
Soderlind 2004). In this paper we show that the structural-
form methods developed by Dennis (2006) to solve control
problems with rational expectations can also be applied to
robust control problems, with the advantage that they by-
pass the task, often onerous, of having to express the refer-

ence model in state-space form. Interestingly, because
state-space forms and structural forms are not unique, the
two approaches do not necessarily return the same equilib-
ria for robust control problems. We apply both state-space
and structural solution methods to an empirical New
Keynesian business cycle model and find that the differ-
ences between the methods are both qualitatively and
quantitatively important. In particular, with the structural-
form solution methods, the specification errors generally
involve changes to the conditional variances in addition to
the conditional means of the shock processes.

WP 2006-11
Interpreting Prediction Market Prices 
as Probabilities

Justin Wolfers, University of Pennsylvania
Eric Zitzewitz, Stanford University

While most empirical analysis of prediction markets treats
prices of binary options as predictions of the probability of
future events, Manski (2004) has recently argued that there
is little existing theory supporting this practice. We provide
relevant analytic foundations, describing sufficient condi-
tions under which prediction markets prices correspond
with mean beliefs. Beyond these specific sufficient condi-
tions, we show that for a broad class of models prediction
market prices are usually close to the mean beliefs of
traders. The key parameters driving trading behavior in
prediction markets are the degree of risk aversion and the
distribution on beliefs, and we provide some novel data on
the distribution of beliefs in a couple of interesting con-
texts. We find that prediction markets prices typically pro-
vide useful (albeit sometimes biased) estimates of average
beliefs about the probability of an event occurring.

WP 2006-12
Keeping Up with the Joneses 
and Staying Ahead of the Smiths: 
Evidence from Suicide Data

Mary Daly, FRB San Francisco
Daniel J. Wilson, FRB San Francisco

This paper empirically assesses the theory of interpersonal
income comparison using a unique data set on suicide
deaths in the United States. We treat suicide as a choice
variable, conditional on exogenous risk factors, reflecting
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one’s assessment of current and expected future utility.
Using this framework we examine whether differences in
group-specific suicide rates are systematically related to in-
come dispersion, controlling for sociodemographic charac-
teristics and income level. The results strongly support the
notion that individuals consider relative income in addition
to absolute income when evaluating their own utility.
Importantly, the findings suggest that relative income af-
fects utility in a two-sided manner, meaning that individu-
als care about the incomes of those above them (the
Joneses) and those below them (the Smiths). Our results
complement and extend those from studies using subjec-
tive survey data or data from controlled experiments.

WP 2006-13
What Determines Technological Spillovers 
of Foreign Direct Investment: 
Evidence from China

Galina Hale, FRB San Francisco
Cheryl Long, Colgate University

Using the World Bank survey of 1,500 firms in five Chinese
cities, we study whether the presence of foreign firms pro-
duces technology spillovers on domestic firms operating in
the same city and industry. We find positive spillovers for
more technologically advanced firms and no or negative
spillovers for more backward firms. We analyze the chan-
nels of such spillovers and find that the transfer of technol-
ogy occurs through movement of high-skilled workers
from FDI firms to domestic firms as well as through net-
work externalities among high-skilled workers. Moreover,
these two channels fully account for the spillover effects
we find, which demonstrate the importance of well-func-
tioning labor markets in facilitating FDI spillovers. Insofar
as our results can be generalized to other countries, they
reconcile conflicting evidence found in other studies.

WP 2006-14
Inflation Targeting under 
Imperfect Knowledge

Athanasios Orphanides, 
Federal Reserve Board of Governors 
John C. Williams, FRB San Francisco

Published in Series on Central Banking, Analysis and
Economic Policies X: Monetary Policy under Inflation
Targeting, eds. Frederic Mishkin and Klaus Schmidt-
Hebbel. Santiago, Chile: Central Bank of Chile, 2007.

This article is published in this volume, pp. 1–24.

WP 2006-15
Time-Varying U.S. Inflation Dynamics 
and the New Keynesian Phillips Curve

Kevin J. Lansing, FRB San Francisco

This paper introduces a form of boundedly rational expec-
tations into an otherwise standard New Keynesian Phillips
curve. The representative agent’s perceived law of motion
allows for both temporary and permanent shocks to
inflation, the latter intended to capture the possibility of
evolving shifts in the central bank’s inflation target. The
agent’s perceived optimal forecast rule defined by the
Kalman filter is parameterized to be consistent with the ob-
served moments of the inflation time series. From the
agent’s perspective, the use of a variable Kalman gain pa-
rameter is justified by movements in the perceived “signal-
to-noise ratio,” which measures the relative variances of
the permanent and temporary shocks to inflation. I show
that this simple model of inflation expectations can gener-
ate time-varying inflation dynamics similar to those ob-
served in long-run U.S. data. The U.S. signal-to-noise ratio
identified using the model’s methodology exhibits an up-
ward drift during the 1970s, followed by downward drift
from the mid-1990s onwards. This pattern suggests that the
perceived signal-to-noise ratio might be viewed as an in-
verse measure of the central bank’s credibility for main-
taining a constant inflation target. Model-based values for
expected inflation track quite well with movements in 
survey-based measures of U.S. expected inflation.
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WP 2006-16
The Bond Yield “Conundrum” 
from a Macro-Finance Perspective

Glenn D. Rudebusch, FRB San Francisco
Eric T. Swanson, FRB San Francisco
Tao Wu, FRB Dallas

Published in Monetary and Economic Studies 24(S-1)
(December 2006), pp. 83–128.
See p. 84 for the abstract of this paper.

WP 2006-17
Measuring the Miracle: Market Imperfections
and Asia’s Growth Experience

John Fernald, FRB San Francisco
Brent Neiman, Harvard University

The newly industrialized economies (NIEs) of Asia are the
fastest-growing economies in the world since 1960. A clear
understanding of their rapid development remains elusive,
with continuing disputes over the roles of technology
growth, capital accumulation, and international trade and
investment. We reconcile seemingly contradictory explana-
tions by accounting for imperfections in output and capital
markets. For instance, in Singapore, growth-accounting
studies using quantities (the primal approach) find rising
capital–output ratios and a constant labor share, but studies
using real factor prices (the dual approach) find a constant
user cost. We provide evidence that “favored” firms reaped
economic profits and received preferential tax treatment,
subsidies, and access to capital—market imperfections that
are difficult to capture when implementing the dual ap-
proach. Further, declining pure profits can reconcile the
constant or rising labor shares in revenue in the NIEs with
theories of international trade that predict falling labor
shares in cost. We provide empirical support for the quanti-
tative importance of profits and heterogeneous user costs,
describe the two-sector dynamics, and derive measures of
technology growth, corrected for the imperfections that we
quantify. We then discuss implications for broader disputes
about Asian development.

WP 2006-18
Labor Supply and Personal 
Computer Adoption

Mark Doms, FRB San Francisco
Ethan Lewis, FRB Philadelphia

The positive correlations found between computer use and
human capital are often interpreted as evidence that the
adoption of computers have raised the relative demand for
skilled labor, the widely touted skill-biased technological
change hypothesis. However, several models argue the skill
intensity of technology is endogenously determined by the
relative supply of skilled labor. We use instruments for the
supply of human capital coupled with a rich data set on
computer usage by businesses to show that the supply of
human capital is an important determinant of the adoption
of personal computers. Our results suggest that great cau-
tion must be exercised in placing economic interpretations
on the correlations often found between technology and
human capital.

WP 2006-19
Quantitative Easing and 
Japanese Bank Equity Values

Takeshi Kobayashi, Chukyo University
Mark M. Spiegel, FRB San Francisco
Nobuyoshi Yamori, Nagoya University

Published in Journal of the Japanese 
and International Economies 20(4) 
(December 2006) pp. 699–721.
See p. 86 for the abstract of this paper.

WP 2006-20
The Relative Price and Relative Productivity
Channels for Aggregate Fluctuations

Eric T. Swanson, FRB San Francisco

Published in The B.E. Journal of Macroeconomics 6(1)
(Contributions), Article 10. Berkeley Electronic Press,
www.bepress.com.
See p. 88 for the abstract of this paper.
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WP 2006-21
Sovereign Debt Crises and Credit 
to the Private Sector

Carlos Arteta, Federal Reserve Board of Governors
Galina Hale, FRB San Francisco

We argue that, through its effect on aggregate demand and
country risk premia, sovereign debt restructuring can ad-
versely affect the private sector’s access to foreign capital
markets. Using fixed effect analysis, we estimate that sov-
ereign debt rescheduling episodes are indeed systemati-
cally accompanied by a decline in foreign credit to
emerging market private firms, both during debt renegotia-
tions and for over two years after the agreements are
reached. This decline is large (over 20 percent), statistically
significant, and robust when we control for a host of funda-
mentals. We find that this effect is different for financial
sector firms, for exporters, and for nonfinancial firms in the
non-exporting sector. We also find that the effect depends
on the type of debt rescheduling agreement.

WP 2006-22
The Frequency of Price Adjustment and 
New Keynesian Business Cycle Dynamics

Richard Dennis, FRB San Francisco

The Calvo pricing model that lies at the heart of many New
Keynesian business cycle models has been roundly criti-
cized for being inconsistent both with time series data on
inflation and with micro-data on the frequency of price
changes. In this paper I show that a modified version of the
Galí and Gertler (1999) model, which allows for “rule-
of-thumb” price setters, and whose structure can be 
interpreted in terms of menu costs and information gather-
ing/processing costs, largely resolves both criticisms.
Moreover, the resulting Phillips curve shares the explana-
tory power of the partial-indexation model and dominates
the full-indexation model and the Calvo model. Estimating
a small-scale New Keynesian business cycle model, my re-
sults indicate that the share of firms that change prices each
quarter is just over 60 percent, broadly in line with the Bils
and Klenow (2004) study of Bureau of Labor Statistics
price data. Reflecting the importance of information gath-
ering/processing costs, I find that most firms that change
prices are rule-of-thumb price setters. Finally, compared to
specifications containing either the Calvo model or the
full-indexation model, the data provide much greater sup-
port for the Galí-Gertler model.

WP 2006-23
Futures Prices as Risk-Adjusted Forecasts 
of Monetary Policy

Monika Piazzesi, University of Chicago
Eric T. Swanson, FRB San Francisco

Many researchers have used federal funds futures rates as
measures of financial markets’ expectations of future mon-
etary policy. However, to the extent that federal funds fu-
tures reflect risk premia, these measures require some
adjustment. In this paper, we document that excess returns
on federal funds futures have been positive on average and
strongly countercyclical. In particular, excess returns are
surprisingly well predicted by macroeconomic indicators
such as employment growth and financial business cycle
indicators such as Treasury yield spreads and corporate
bond spreads. Excess returns on eurodollar futures display
similar patterns. We document that simply ignoring these
risk premia significantly biases forecasts of the future path
of monetary policy. We also show that risk premia matter
for some futures-based measures of monetary policy
shocks used in the literature.

WP 2006-24
Endogenous Skill Bias in Technology
Adoption: City-Level Evidence 
from the IT Revolution

Paul Beaudry, University of British Columbia
Mark Doms, FRB San Francisco
Ethan Lewis, Dartmouth College

This paper focuses on the bi-directional interaction be-
tween technology adoption and labor market conditions.
We examine cross-city differences in personal computer
(PC) adoption, relative wages, and changes in relative
wages over the period 1980–2000 to evaluate whether the
patterns conform to the predictions of a neoclassical model
of endogenous technology adoption. Our approach melds
the literature on the effect of the relative supply of skilled
labor on technology adoption to the often distinct literature
on how technological change influences the relative de-
mand for skilled labor. Our results support the idea that dif-
ferences in technology use across cities and its effects on
wages reflect an equilibrium response to local factor sup-
ply conditions. The model and data suggest that cities ini-
tially endowed with relatively abundant and cheap skilled
labor adopted PCs more aggressively than cities with rela-
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tively expensive skilled labor, causing returns to skill to in-
crease most in cities that adopted PCs most intensively.
Our findings indicate that neoclassical models of endoge-
nous technology adoption can be very useful for under-
standing where technological change arises and how it
affects markets.

WP 2006-25
FDI Spillovers and Firm Ownership 
in China: Labor Markets and 
Backward Linkages

Galina Hale, FRB San Francisco
Cheryl Long, Colgate University

Using firm-level data, we find that the presence of foreign
firms in China is positively associated with the perform-
ance of domestically owned private firms but is negatively
associated with the performance of state-owned enterprises
(SOEs). In particular, we find (1) the presence of foreign
direct investment (FDI) is associated with larger differ-
ences in the wages and the quality of skilled workers be-
tween SOEs and private firms, and (2) FDI presence is
positively associated with private firms’ sales to foreign
firms and foreign consumers, but not with the sales of
SOEs. We argue that these differences could be due to the
fact that private firms have more flexible wage and person-
nel policies, which allows them to attract talent that facili-
tates positive FDI spillovers.

WP 2006-26
Aggregate Shocks or Aggregate Information?
Costly Information and 
Business Cycle Comovement

Laura Veldkamp, New York University
Justin Wolfers, University of Pennsylvania

When similar patterns of expansion and contraction are ob-
served across sectors, we call this a business cycle. Yet ex-
plaining the similarity and synchronization of these cycles
across industries remains a puzzle. Whereas output growth
across industries is highly correlated, identifiable shocks,
like shocks to productivity, are far less correlated. While
previous work has examined complementarities in produc-
tion, we propose that sectors make similar input decisions
because of complementarities in information acquisition.
Because information about driving forces has a high fixed

cost of production and a low marginal cost of replication, it
can be more efficient for firms to share the cost of discov-
ering common shocks than to invest in uncovering detailed
sectoral information. Firms basing their decisions on this
common information make highly correlated production
choices. This mechanism amplifies the effects of common
shocks relative to sectoral shocks.

WP 2006-27
Safe and Sound Banking, 20 Years Later:
What Was Proposed and 
What Has Been Adopted

Frederick T. Furlong, FRB San Francisco
Simon Kwan, FRB San Francisco

Forthcoming in FRB Atlanta Economic Review.
See p. 78 for the abstract of this paper.

WP 2006-28
Measuring Oil-Price Shocks 
Using Market-Based Information

Michele Cavallo, FRB San Francisco
Tao Wu, FRB Dallas

We develop two measures of exogenous oil-price shocks
for the period 1984 to 2006 based on market commentaries
on daily oil-price fluctuations. Our measures are based on
exogenous events that trigger substantial fluctuations in
spot oil prices and are constructed to be free of endogenous
and anticipatory movements. We find that the dynamic re-
sponses of output and prices implied by these measures are
“well behaved.” We also find that the response of output is
larger than the one implied by a conventional measure of
oil-price shocks proposed in the literature.
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WP 2006-29
Information and Communications
Technology as a General-Purpose Technology:
Evidence from U.S Industry Data

Susanto Basu, Boston College
John Fernald, FRB San Francisco

Many people point to information and communications
technology (ICT) as the key to understanding the accelera-
tion in productivity in the United States since the mid-
1990s. Stories of ICT as a “general-purpose technology”
(GPT) suggest that measured total factor productivity
(TFP) should rise in ICT-using sectors (reflecting either un-
observed accumulation of intangible organizational capital,
spillovers, or both), but with a long lag. Contemporane-
ously, however, investments in ICT may be associated with
lower TFP as resources are diverted to reorganization and
learning. We find that U.S. industry results are consistent
with GPT stories: the acceleration after the mid-1990s was
broadbased—located primarily in ICT-using industries
rather than ICT-producing industries. Furthermore, indus-
try TFP accelerations in the 2000s are positively correlated
with (appropriately weighted) industry ICT capital growth
in the 1990s. Indeed, as GPT stories would suggest, after
controlling for past ICT investment, industry TFP accelera-
tions are negatively correlated with increases in ICT usage
in the 2000s.

WP 2006-30
Monetary Policy in a Low Inflation Economy
with Learning

John C. Williams, FRB San Francisco

Published in Monetary Policy in an Environment of 
Low Inflation: Proceedings of the Bank of Korea
International Conference 2006. Seoul: The Bank of
Korea, 2006.
See p. 89 for the abstract of this paper.

WP 2006-31
Revealing the Secrets of the Temple: 
The Value of Publishing Central Bank
Interest Rate Projections

Glenn D. Rudebusch, FRB San Francisco
John C. Williams, FRB San Francisco

Forthcoming in Asset Prices and Monetary Policy,
ed. John Campbell. Chicago: University of Chicago Press.
See p. 85 for the abstract of this paper.

WP 2006-32
Moderate Inflation and 
the Deflation-Depression Link

Jess Benhabib, New York University
Mark M. Spiegel, FRB San Francisco

In a recent paper, Atkeson and Kehoe (2004) demonstrated
the lack of a robust empirical relationship between
inflation and growth for a cross section of countries with
19th and 20th century data, concluding that the historical
evidence only provides weak support for the contention
that deflation episodes are harmful to economic growth. In
this paper, we revisit this relationship by allowing for
inflation and growth to have a nonlinear specification de-
pendent on inflation levels. In particular, we allow for the
possibility that high inflation is negatively correlated with
growth, while a positive relationship exists over the range
of negative-to-moderate inflation. Our results confirm a
positive relationship between inflation and growth at mod-
erate inflation levels and support the contention that the re-
lationship between inflation and growth is nonlinear over
the entire sample range.

WP 2006-33
Non-Economic Engagement and
International Exchange: 
The Case of Environmental Treaties

Andrew K. Rose, University of California, Berkeley
Mark M. Spiegel, FRB San Francisco

We examine the role of non-economic partnerships in pro-
moting international economic exchange. Since farsighted
countries are more willing to join costly international part-
nerships such as environmental treaties, environmental en-
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gagement tends to encourage international lending.
Countries with such non-economic partnerships also find it
easier to engage in economic exchanges since they face the
possibility that debt default might also spill over to hinder
their non-economic relationships. We present a theoretical
model of these ideas and then verify their empirical impor-
tance using a bilateral cross section of data on international
cross-holdings of assets and environmental treaties. Our re-
sults support the notion that international environmental
cooperation facilitates economic exchange.

WP 2006-34
Computer Use and the U.S. Wage
Distribution, 1984–2003

Robert G. Valletta, FRB San Francisco

Given past estimates of wage increases associated with
workplace computer use and higher usage rates among
more-skilled workers, the diffusion of computers has been
interpreted as a mechanism for skill-biased technological
change and consequent widening of the earnings distribu-
tion. I investigate this link by testing for direct effects of
rising computer use on the distribution of wages in the
United States. Analysis of data from the periodic current
population survey (CPS) computer use supplements over
the years 1984–2003 reveals that the positive association
between workplace computer use and wages declines at
higher skill levels, with the notable exception of a higher
return to computer use for highly educated workers that
emerged after 1997. Over my complete sample frame,
however, the net association between rising computer use
and the distribution of wages was quite limited. For broad
groups defined by educational attainment, rising computer
use was associated with rising between-group inequality
that was offset by falling within-group inequality, suggest-
ing that computers have exerted a “leveling” rather than a
“polarizing” effect on wages.

WP 2006-35
Incomplete Information Processing: 
A Solution to the Forward Discount Puzzle

Philippe Bacchetta, University of Lausanne
Eric van Wincoop, University of Virginia

The uncovered interest rate parity equation is the corner-
stone of most models in international macroeconomics.
However, this equation does not hold empirically since the

forward discount, or interest rate differential, is negatively
related to the subsequent change in the exchange rate. This
forward discount puzzle implies that excess returns on for-
eign currency investments are predictable. In this paper, we
investigate to what extent incomplete information process-
ing can explain this puzzle. We consider two types of in-
completeness: infrequent and partial information
processing. We calibrate a two-country general equilibrium
model to the data and show that incomplete information
processing can fully match the empirical evidence. It can
also account for several related empirical phenomena, in-
cluding that of “delayed overshooting.” We show that in-
complete information processing is consistent both with
evidence that little capital is devoted to actively managing
short-term currency positions and with a small welfare
gain from active portfolio management. The gain is small
because exchange rate changes are very hard to predict.
The welfare gain is easily outweighed by a small cost of ac-
tive portfolio management.

WP 2006-36
Dual Labor Markets and Business Cycles

David Cook, 
Hong Kong University of Science and Technology
Hiromi Nosaka, Kansai University

In this paper, we model a dynamic general equilibrium model
of a small open developing economy. We model labor mar-
kets as including both formal and informal urban employ-
ment as well as rural employment. We find that modeling
dual labor markets helps explain why output in developing
economies may fall even as labor inputs remain constant
during financial crises. An external financial shock may
lead to a reallocation of labor from productive formal sec-
tors of the economy to less productive informal sectors.

WP 2006-37
A Quantitative Analysis 
of China’s Structural Transformation

Robert Dekle, University of Southern California
Guillaume Vandenbroucke, 
University of Southern California

Between 1978 and 2003, the Chinese economy experi-
enced a remarkable 5.7 percent annual growth of GDP per
labor. At the same time, there has been a noticeable trans-
formation of the economy: the share of workers in agricul-
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ture decreased from over 70 percent to less than 50 percent.
We distinguish three sectors: private agriculture and non-
agriculture and public nonagriculture. A growth account-
ing exercise reveals that the main source of growth was
total factor productivity (TFP) in the private nonagricul-
tural sector. The reallocation of labor from agriculture to
nonagriculture accounted for 1.9 percent out of the 5.7 per-
cent growth in output per labor. The reallocation of labor
from the public to the private sector also accounted for a
significant part of growth in the 1996–2003 period. We cal-
ibrate a general equilibrium model where the driving forces
are public investment and employment, as well as sectoral
TFP derived from our growth accounting exercise. The
model tracks the historical employment share of agriculture
and the labor productivities of all three sectors quite well.

WP 2006-38
The U.S. Current Account Deficit and 
the Expected Share of World Output

Charles Engel, University of Wisconsin
John Rogers, Federal Reserve Board of Governors

We investigate the possibility that the large current account
deficits of the U.S. are the outcome of optimizing behavior.
We develop a simple long-run world equilibrium model in
which the current account is determined by the expected
discounted present value of its future share of world GDP
relative to its current share of world GDP. The model sug-
gests that under some reasonable assumptions about future
U.S. GDP growth relative to the rest of the advanced coun-
tries—more modest than the growth over the past 20
years—the current account deficit is near optimal levels.
We then explore the implications for the real exchange rate.
Under some plausible assumptions, the model implies little
change in the real exchange rate over the adjustment path,
though the conclusion is sensitive to assumptions about
tastes and technology. Then we turn to empirical evidence.
A test of current account sustainability suggests that the
U.S. is not keeping on a long-run sustainable path. A direct
test of our model finds that the dynamics of the U.S. cur-
rent account—the increasing deficits over the past
decade—are difficult to explain under a particular statisti-
cal model (Markov-switching) of expectations of future
U.S. growth. But, if we use survey data on forecasted GDP
growth in the G-7, our very simple model appears to ex-
plain the evolution of the U.S. current account remarkably
well. We conclude that expectations of robust performance
of the U.S. economy relative to the rest of the advanced
countries is a contender—though not the only legitimate
contender—for explaining the U.S. current account deficit.

WP 2006-39
Saving and Interest Rates in Japan: 
Why They Have Fallen and 
Why They Will Remain Low

R. Anton Braun, University of Tokyo
Daisuke Ikeda, Bank of Japan
Douglas Joines, University of Southern California

This paper quantifies the role of alternative shocks in ac-
counting for the recent declines in Japanese saving rates
and interest rates and provides some projections about their
future course. We consider three distinct sources of varia-
tion in saving rates and real interest rates: changes in fertil-
ity rates, changes in survival rates, and changes in
technology. The empirical relevance of these factors is ex-
plored using a computable dynamic overlapping genera-
tions model. We find that the combined effects of
demographics and slower total factor productivity growth
successfully explain both the levels and the magnitudes of
the declines in the saving rate and the after-tax real interest
rate during the 1990s. Model simulations indicate that the
Japanese savings puzzle is over.

WP 2006-40
Global Current Account Adjustment: 
A Decomposition

Michael Devereux, University of British Columbia
Amartya Lahiri, University of British Columbia
Ke Pang, University of British Columbia

The rising current account deficit in the United States has
attracted considerable attention in recent years. We use the
“business cycle accounting” methodology to identify the
principal distortions that have affected the external ac-
counts of the U.S. In particular, we measure distortions in
the optimality conditions of a simple two-country general
equilibrium model using data from the U.S. and the other
G-7 countries. We then feed these measured distortions
into the model individually and use the simulated counter-
factual paths of the current account to determine the contri-
bution of each of these “wedges” to the overall external
imbalance of the U.S. We find that no single wedge in iso-
lation can account closely for the observed current account.
However, a combination of productivity differences and
deviations from risk-sharing between the U.S. and the rest
of the G-7 does the best job in accounting for most of the
measured movement of the U.S. current account.
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WP 2006-41
Exchange-Rate Effects on China’s Trade: 
An Interim Report

Jaime Marquez, Federal Reserve Board of Governors
John Schindler, Federal Reserve Board of Governors

Though China’s share of world trade is comparable to that
of Japan, little is known about the response of China’s
trade to changes in exchange rates. The few estimates
available suffer from two limitations. First, the data for
trade prices are based on proxies for prices from other
countries. Second, the estimation sample includes the pe-
riod of China’s transformation from a centrally planned
economy to a market-oriented system. To address these
limitations, this paper develops an empirical model ex-
plaining the shares of China’s exports and imports in world
trade in terms of the real effective value of the renminbi.
The specifications control for foreign direct investment and
for the role of imports of parts to assemble merchandise
exports. Parameter estimation uses disaggregated monthly
trade data and excludes the period during which most of
China’s decentralization occurred. The estimation results
suggest that a 10 percent real appreciation of the renminbi
lowers the share of aggregate Chinese exports by a half of a
percentage point. The same appreciation lowers the share
of aggregate imports by about a tenth of a percentage point.

WP 2006-42
Evidence on the Costs and Benefits 
of Bond IPOs

Galina Hale, FRB San Francisco
João A.C. Santos, FRB New York

This paper investigates whether it is costly for nonfinancial
firms to enter the public bond market, and whether firms
benefit from their bond IPOs. We find that both gross
spreads and ex ante credit spreads are higher for IPO bonds,
suggesting that firms pay higher underwriting costs on
their first public bond. We also find that underpricing in the
secondary market is higher for IPO bonds, further suggest-
ing that it is costly to enter the public bond market. The
costs of entering the public bond market are economically
meaningful and are higher for risky firms. We investigate
the benefits from entering the public bond market, by look-
ing at the costs firms pay to raise external funding subse-
quent to their bond IPOs. Our results show that these
benefits exist, but they accrue only to safe firms. These
firms benefit from a reduction both in the interest rates they

pay on bank loans and the costs they incur to issue private
bonds after they enter the public bond market. Together
with our previous findings, these results lend support to the
thesis that bond IPOs are unique.

WP 2006-43
The Impact of Divorce Laws 
on Marriage-Specific Capital

Betsey Stevenson, University of Pennsylvania

This paper considers how divorce law alters the incentives
for couples to invest in their marriage, focusing on the im-
pact of unilateral divorce laws on investments in new mar-
riages. Differences across states between 1970 and 1980
provide useful quasi-experimental variation with which to
consider incentives to invest in several types of marriage-
specific capital: spouse’s education, children, household
specialization, and homeownership. I find that adoption of
unilateral divorce—regardless of the prevailing property-
division laws—reduces investment in all types of mar-
riage-specific capital considered except homeownership.
In contrast, results for homeownership depend on the un-
derlying property division laws.

WP 2006-44
Beyond the Classroom: Using Title IX 
to Measure the Return to High School Sports

Betsey Stevenson, University of Pennsylvania

Previous research has found that male high school athletes
experience better outcomes than non-athletes, including
higher educational attainment, more employment, and
higher wages. Students self-select into athletics, however,
so these may be selection effects rather than causal effects.
To address this issue, I examine Title IX which provides a
unique quasi-experiment in female athletic participation.
Between 1972 and 1978, U.S. high schools rapidly in-
creased their female athletic participation rates (to approx-
imately the same level as their male athletic participation
rates) in order to comply with Title IX. This paper uses
variation in the level of boys’ athletic participation across
states before Title IX as an instrument for the change in
girls’ athletic participation over the 1970s. Analyzing dif-
ferences in outcomes for both the pre- and post-Title IX co-
horts across states, I find that a 10 percentage point rise in
state-level female sports participation generates a 1 per-
centage point increase in female college attendance and a 
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1 to 2 percentage point rise in female labor force participa-
tion. Furthermore, greater opportunities to play sports leads
to greater female participation in previously male-domi-
nated occupations, particularly for high-skill occupations.

WP 2006-45
Foreign Bank Lending and 
Bond Underwriting in Japan 
during the Lost Decade

Jose A. Lopez, FRB San Francisco
Mark M. Spiegel, FRB San Francisco

We examine foreign intermediation activity in Japan dur-
ing the so-called “lost decade” of the 1990s, contrasting the
behavior of lending by foreign commercial banks and un-
derwriting activity by foreign investment banks over that
period. Foreign bank lending is shown to be sensitive to
domestic Japanese conditions, particularly Japanese inter-
est rates, more so than their domestic Japanese bank coun-
terparts. During the 1990s, foreign bank lending in Japan
fell, both in overall numbers and as a share of total lending.
However, there was marked growth in foreign underwrit-
ing activity in the international yen-denominated bond sec-
tor. A key factor in the disparity between these activities is
their different clienteles: While foreign banks in Japan lent
primarily to domestic borrowers, international yen-denom-
inated bond issuers were primarily foreign entities with
yen funding needs or opportunities for profitable swaps.
Indeed, low interest rates that discouraged lending activity
in Japan by foreign banks directly encouraged foreign un-
derwriting activity tied to the so-called “carry trades.”
Regulatory reforms, particularly the “big bang” reforms of
the 1990s, also play a large role in the growth of foreign
underwriting activity over our sample period.

WP 2006-46
Macroeconomic Implications 
of Changes in the Term Premium

Glenn D. Rudebusch, FRB San Francisco
Brian P. Sack, Macroeconomic Advisers, LLC
Eric T. Swanson, FRB San Francisco

Forthcoming in FRB St. Louis Review.
See p. 84 for the abstract of this paper.

WP 2006-47
State Investment Tax Incentives: 
A Zero-Sum Game?

Robert S. Chirinko, Emory University
Daniel J. Wilson, FRB San Francisco

Though the U.S. federal investment tax credit (ITC) was
permanently repealed in 1986, state-level ITCs have prolif-
erated over the last few decades. The proliferation of state
ITCs and other investment tax incentives raises two impor-
tant questions: (1) Are these tax incentives effective in
achieving their stated objective, to increase investment
within the state? and (2) To the extent these incentives raise
investment within the state, how much of this increase is
due to investment drawn away from other states? To begin
to answer these questions, we construct a detailed panel
data set for 50 states for 20-plus years (depending on the
series). The data set contains series on output and capital,
their relative prices, and the number of establishments. The
effects of tax parameters on capital formation and estab-
lishments are measured by the Jorgensonian user cost of
capital that depends in a nonlinear manner on federal and
state tax parameters. Cross-jurisdiction differences in state
investment tax credits and state corporate tax rates entering
the user cost, combined with a panel that is long in the time
dimension, are key to identifying the effectiveness of state
investment incentives. Three models are estimated: (1) a
capital demand model motivated by the first-order condi-
tion for profit-maximization; (2) a spatial discontinuity
model developed by Holmes (1998) that exploits the spa-
tial discontinuity in tax policies that occurs at state borders;
and (3) a twin-counties model that matches a county to a
cross-border “twin” and relates between-county differen-
tials in manufacturing activity to between-county differ-
entials in tax policy. The first model relies on state-level
data, while the latter two use county-level data. On bal-
ance, the models find a significant channel for state tax in-
centives on own-state economic activity and document the
importance of interstate capital flows, a necessary element
for meaningful tax competition. Whether state investment
incentives are a zero-sum game among the states is less
certain and depends on the definition of the set of competi-
tive states.
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WP 2006-48
Unemployment Insurance and the Uninsured

Tali Regev, FRB San Francisco

Under federal-state law workers who quit a job are not en-
titled to receive unemployment insurance benefits. To show
how the existence of the uninsured affects wages and em-
ployment, I extend an equilibrium search model to account
for two types of unemployed workers: those who are cur-
rently receiving unemployment benefits and for whom an
increase in unemployment benefits reduces the incentive to
work, and those who are not currently insured. For these,
work provides an added value in the form of future eligibil-
ity, and an increase in unemployment benefits increases
their willingness to work. Incorporating both types into a
search model permits me to solve analytically for the en-
dogenous wage dispersion and insurance rate in the econ-
omy. I show that, in general equilibrium when firms adjust
their job creation margin, the wage dispersion is reduced
and the overall effect of benefits can be signed: higher un-
employment benefits increase average wages and decrease
the vacancy-to-unemployment ratio.

WP 2006-49
State Investment Tax Incentives: 
What Are the Facts?

Robert S. Chirinko, Emory University
Daniel J. Wilson, FRB San Francisco

There is an ongoing debate in the U.S. among policymak-
ers and the courts concerning the practical effects of state
investment tax incentives. However, this debate often suf-
fers from a lack of clear information on the extent of such
incentives among states and how these incentives have
evolved over time. This paper takes a first step toward ad-
dressing this shortcoming. Compiling information from all
50 states and the District of Columbia over the past 40
years, we are able to paint a picture of the variation in state
investment tax incentives across states and over time. In
particular, we document three stylized facts: (1) Over the
last 40 years, state investment tax incentives have become
increasingly large and increasingly common among states;
(2) these incentives, as well as the level of the overall after-
tax price of capital, are to a large extent clustered in certain
regions of the country; and (3) states that enact investment
tax credits tend to do so around the same time as their
neighboring states.

WP 2006-50
Global Price Dispersion—
Are Prices Converging or Diverging?

Paul R. Bergin, University of California, Davis
Reuven Glick, FRB San Francisco
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This paper focuses on the effects on the current account of changes to two
distinct components of government consumption expenditures, expenditure
on goods and expenditure on hours worked. I find that changes to govern-
ment expenditure on hours do not directly affect the current account and
that their effect is considerably smaller—one order of magnitude—than 
the effect of changes to government expenditure on goods. These findings 
indicate that considering government consumption as entirely expenditure
on goods can lead to overestimating its role in accounting for movements
in the current account balance.

The idea that a bank’s overall performance is influenced by the regional
economy in which it operates is intuitive and broadly consistent with his-
torical bank performance. Yet, micro-level research on the topic has borne
mixed results, failing to find a consistent link between various measures of
bank performance and regional economic variables. This paper attempts to
reconcile the intuition with the micro-level data by aggregating bank per-
formance, as measured by nonperforming loans, up to the state level. This
level of aggregation reduces the influence of idiosyncratic bank effects
sufficiently so as to examine more clearly the influence of state-level eco-
nomic variables. We show that regional variables, such as employment
growth and changes in real estate prices, are not particularly useful for pre-
dicting changes in bank performance, but that coincident indicators devel-
oped to track a state’s gross output are quite useful. We find that these
coincident indicators have a statistically significant and economically im-
portant influence on state-level aggregate bank performance. In addition,
the coincident indicators potentially contribute to the out-of-sample fore-
casts of the relative riskiness of state-level bank portfolios, which should
be of interest to bankers and bank supervisors.
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Using semiparametric density estimation techniques, we analyze the effect
of rising dispersion of men’s earnings and related changes in family behav-
ior on increasing inequality in the distribution of family income in the
United States. For the period 1969–1989, the growing dispersion of men’s
earnings and changing family structure can account for most of the rise in
family income inequality. By contrast, the increase in labor force participa-
tion by women offset this trend. Inequality grew at a slower rate in the
1990s than in earlier decades, largely because of stabilization in the relative
earnings of men from low-income families. 

In this paper I model and explain U.S. macroeconomic outcomes subject to
the discipline that monetary policy is set optimally. Exploiting the restric-
tions that come from optimal policymaking, I estimate the parameters in
the Federal Reserve’s policy objective function together with the parame-
ters in its optimization constraints. For the period following Volcker’s ap-
pointment as chairman, I estimate the implicit inflation target to be around
1.4 percent and show that policymakers assigned a significant weight to 
interest rate smoothing. I show that the estimated optimal policy provides 
a good description of U.S. data for the 1980s and 1990s. 

We quantify the welfare differential between precommitment and discre-
tionary monetary policy in three estimated models of the U.S. economy by
calculating the permanent deviation of inflation from target that in welfare
terms is equivalent to moving from discretion to precommitment. Using a
range of reasonable central bank preference parameters, this “inflation
equivalent” ranges from 0.05 to 3.6 percentage points, with a midpoint of
either 0.15 or 1 to 1.5 percentage points, depending on the model. In addi-
tion to the degree of forward-looking behavior, we show that the existence
of transmission lags and/or information lags is crucial for determining the
welfare gain from precommitment.
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In 1986, a task force of banking academics organized and sponsored by the
American Bankers Association convened to examine the banking industry
and the efficacy of its regulatory system. The group was charged with re-
viewing the problems of ensuring the safety and soundness of the banking
system and evaluating a number of policy options to improve the
efficiency, performance, and safety of the system by changing the structure
of the deposit insurance system and the bank regulatory and supervisory
process. The results of the work of the task force were published by the
MIT Press as the book, Perspectives on Safe and Sound Banking (ed.
Benston et al. 1986, the Report), which includes a set of principal options
and recommendations. The purpose of this article is to assess the extent to
which changes in public policy regarding depository institutions have been
aligned with the recommendations of the Report. We find that over the past
20 years, several legislative initiatives and changes in regulations and the
bank supervisory process have been in keeping with the specific recom-
mendations of the Report or with the analytic framework underlying the
recommendations. At the same time, other recommendations in the Report
have not been taken up and some proposals rejected in the Report have
been put in place by legislative and regulatory initiatives. Overall, public
policy and private sector initiatives appear to have contributed to safer and
sounder banking and thrift sectors over the past 20 years. Consistent with
what we see as the main theme of the Report, a likely contributing factor is
the more appropriate alignment of incentives for risk-taking among larger
depository institutions. Developments affecting risk-taking by depository
institutions likely include higher capitalizations, greater risk exposure of
private sector stakeholders more generally, improvements in risk manage-
ment, and supervision and regulation that is focused on overall risk.

This paper clarifies one of the puzzling results of the economic growth 
literature: the impact of military expenditure is frequently found to be non-
significant or negative, yet most countries spend a large fraction of their
GDP on defense and the military. We start by empirical evaluation of the
nonlinear interactions between military expenditure, external threats, cor-
ruption, and other relevant controls. While growth falls with higher levels
of military spending, given the values of the other independent variables,
we show that military expenditure in the presence of threats increases
growth. We explain the presence of these nonlinearities in an extended ver-
sion of Barro and Sala-i-Martin (1995), allowing the dependence of growth
on the severity of external threats, and on the effective military expenditure
associated with these threats.
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This paper studies the empirical and theoretical association between the
duration of a pegged exchange rate and the cost experienced upon exiting
the regime. We confirm empirically that exits from pegged exchange rate
regimes during the past two decades have often been accompanied by
crises, the cost of which increases with the duration of the peg before the
crisis. We explain these observations in a framework in which the exchange
rate peg is used as a commitment mechanism to achieve inflation stability,
but multiple equilibria are possible. We show that there are ex ante large
gains from choosing a more conservative monetary authority, not only in
order to mitigate the inflation bias from the well-known time inconsistency
problem but also to steer the economy away from the high inflation equi-
libria. These gains, however, come at a cost in the form of the monetary 
authority’s lesser responsiveness to output shocks. In these circumstances,
using a pegged exchange rate as an anti-inflation commitment device can
create a “trap” whereby the regime initially confers gains in anti-inflation
credibility, but ultimately results in an exit occasioned by a big enough ad-
verse real shock that creates large welfare losses to the economy. We also
show that the more conservative is the regime in place and the larger is the
cost of regime change, the longer will be the average spell of the fixed 
exchange rate regime, and the greater the output contraction at the time of 
a regime change.

This paper documents significant time variation in the degree of global
price convergence over the last two decades. In particular, there appears to
be a general U-shaped pattern with price dispersion first falling and then
rising in recent years, a pattern which is remarkably robust across country
groupings and commodity groups. This time variation is difficult to explain
in terms of the standard gravity equation variables common in the litera-
ture, as these tend not to vary much over time or have not risen in recent
years. However, regression analysis indicates that this time-varying pattern
coincides well with oil price fluctuations, which are clearly time-varying
and have risen substantially since the late 1990s. As a result, this paper 
offers new evidence on the role of transportation costs in driving inter-
national price dispersion.

This paper analyzes how a model where goods are endogenously non-
traded can help explain the relationship between the current account and
real exchange rate fluctuations. We formulate a small open economy two-
period model in which goods switch endogenously between being traded
and nontraded. The model demonstrates how movements in the real 
exchange rate and real interest rate can impose significant costs on inter-
temporal trade. The model also shows that a variety of nonlinear relation-
ships is possible between the current account and real exchange rate,
depending on the relative transport costs and substitutability in preferences
between goods. In contrast to recent work, our analysis implies that such
costs of intertemporal trade may be a concern for many countries, not just
those with large current account imbalances. Panel regression analysis of
interest rate and current account data is consistent with our conclusions.
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This paper develops a two-country macro model with endogenous tradabil-
ity to study features of international economic integration. Recent episodes
of integration in Europe and North America suggest some surprising obser-
vations: while quantities of trade have increased significantly, especially
along the extensive margin of goods previously not traded, price dispersion
has not decreased and may even have increased. These observations chal-
lenge the usual understanding of integration in the literature. We propose a
way of reconciling these price and quantity observations in a macroeco-
nomic model where the decision of heterogeneous firms to trade interna-
tionally is endogenous. Trade is shaped both by the nature of heterogeneity—
trade costs versus productivity—and by the nature of trade policies—cuts
in fixed costs versus cuts in per unit costs like tariffs. For example, in con-
trast to tariff cuts, trade policies that work mainly by lowering various fixed
costs of trade may have large effects on entry decisions at the extensive
margin without having direct effects on price-setting decisions. Whether
this entry raises or lowers price dispersion depends on the type of hetero-
geneity that distinguishes the new entrants from incumbent traders.

Long-run cross-country price data exhibit a puzzle. Today, richer countries
exhibit higher price levels than poorer countries, a stylized fact usually at-
tributed to the Balassa-Samuelson (BS) effect. But looking back 50 years,
this effect virtually disappears from the data. What is often assumed to be a
universal property is actually quite specific to recent times, emerging a half
century ago and growing steadily over time. What might potentially ex-
plain this historical pattern? We develop an updated BS model inspired by
recent developments in trade theory, where a continuum of goods are dif-
ferentiated by productivity and where tradability is endogenously deter-
mined. Firms experiencing productivity gains are more likely to become
tradable and crowd out firms not experiencing productivity gains. As a re-
sult the usual BS assumption—that productivity gains are concentrated in
the traded goods sector—emerges endogenously, and the BS effect on rela-
tive price levels likewise evolves gradually over time. 

Are countries with unregulated capital flows more vulnerable to currency
crises? Efforts to answer this question properly must control for self-
selection bias, because countries with liberalized capital accounts may 
also have sounder economic policies and institutions that make them less
likely to experience crises. We employ a matching and propensity-score
methodology to address this issue in a panel analysis of developing coun-
tries. Our results suggest that, after controlling for sample selection bias,
countries with liberalized capital accounts experience a lower likelihood 
of currency crises. 
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The costs of debt crises are not invariant to the foreign debt instrument
composition: bank loans or bonds. The lending boom of the 1990s wit-
nessed considerable variation over time and across countries in the debt 
instrument used by emerging market (EM) borrowers. This article tests
how macroeconomic fundamentals affect the composition of international
debt instruments used by EM borrowers. Analysis of micro-level data
using an ordered probability model shows that macroeconomic fundamen-
tals explain a significant share of variation in the ratio of bonds to loans 
for private borrowers but not for the sovereigns.

In order to explore how credit ratings may affect financial markets, we 
analyze a global game model of debt rollover in which heterogeneous 
investors act strategically. We find that the addition of the rating agency has
a nonmonotonic effect on the probability of default and the magnitude of
the response of capital flows to changes in fundamentals. We also establish
that introducing a rating agency can bring multiple equilibria to a market
that otherwise would have a unique equilibrium. 

Using the stochastic frontier approach to investigate the cost efficiency 
of commercial banks in Hong Kong, this paper found that the average 
X-efficiency of Hong Kong banks was about 16 to 30 percent of observed
total costs. However, X-efficiency was found to decline over time, indicat-
ing that Hong Kong banks were operating closer to the cost frontier than
before, consistent with technological innovations in the banking industry.
Furthermore, the average large bank was found to be less efficient than the
average small bank, but the size effect appears to be related to differences
in portfolio characteristics among different size banks.
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In this paper, we consider three issues raised by the apparent inconsistency
between the current research practice of using county-based markets (met-
ropolitan statistical areas (MSAs) and non-MSA counties) to investigate
the validity of the theoretical underpinnings of bank merger policy and the
current regulatory practice of using Federal Reserve (FR) banking markets,
which often do not follow county lines, to implement that policy. Using a
national sample of bank and thrift branch deposit data, we find that county-
based areas cannot simply substitute for FR markets in the implementation
of bank merger policy. For example, numerous potential mergers would
raise competitive issues in county-based areas, but not in FR markets, and
vice versa. We also conclude that, because of the relative difficulty of as-
sembling demographic data for non-county-based areas, it is impractical to
consistently use FR markets in bank merger policy research. However, we
do find that, despite the inconsistencies, analysis that uses county-based
areas is relevant for bank merger policy that is implemented with FR mar-
kets. For example, we find that profitability regression results using vari-
ables based on FR markets are similar to those found using variables based
on MSAs and non-MSA counties.

This paper examines an agent’s choice of forecast method within a stan-
dard asset pricing model. To make a conditional forecast, a representative
agent may choose one of the following: (1) a rational (or fundamentals-
based) forecast that employs knowledge of the stochastic process govern-
ing dividends, (2) a constant forecast based on a simple long-run average
of the forecast variable, or (3) a time-varying forecast that extrapolates
from the last observation of the forecast variable. I show that a representa-
tive agent who is concerned about minimizing forecast errors may inadver-
tently become “locked in” to an extrapolative forecast. In particular, the
initial use of extrapolation alters the law of motion of the forecast variable
so that the agent perceives no accuracy gain from switching to one of the
alternative forecast methods. Under extrapolative expectations, the model
can generate excess volatility of stock prices, time-varying volatility of 
returns, long-horizon predictability of returns, bubbles driven by optimism
about the future, and sharp downward movements in stock prices that 
resemble market crashes. All of these features appear to be present in 
long-run U.S. stock market data. 

This paper examines the economic effects of tax reform in an endogenous
growth model that allows for two types of useful public expenditures; one
type contributes to human capital formation while the other provides direct
utility to households. We show that the optimal fiscal policy calls for full
expensing of private investment, which shifts the tax base to private con-
sumption. The efficient levels of public investment and public consumption
relative to output are uniquely pinned down by parameters that govern both
technology and preferences. In general, implementing the optimal fiscal
policy requires a change in the size of government. If a tax reform holds
the size of government fixed to satisfy a revenue-neutrality constraint, then
the reform will be suboptimal; theory alone cannot tell us if welfare will be
improved. For some calibrations of the model, we find that commonly pro-
posed versions of revenue-neutral tax reforms can result in large welfare
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gains. For other quite plausible calibrations, the exact same reform can 
result in tiny or even negative welfare gains as the revenue-neutrality con-
straint becomes more severely binding. Comparing across calibrations, we
find that the welfare rankings of various reforms can change, depending on
parameter values. Overall, our results highlight the uncertainty surrounding
the potential welfare benefits of fundamental U.S. tax reform.

This paper develops a one-sector real business cycle model in which com-
petitive firms allocate resources for the production of goods, investment in
new capital, and maintenance of existing capital. Firms also choose the uti-
lization rate of existing capital. A higher utilization rate leads to faster capi-
tal depreciation, while an increase in maintenance activity has the opposite
effect. We show that, as the equilibrium ratio of maintenance expenditures
to GDP rises, the required degree of increasing returns for local indetermi-
nacy declines over a wide range of parameter combinations. When the
model is calibrated to match empirical evidence on the relative size of
maintenance and repair activity, we find that local indeterminacy (and 
belief-driven fluctuations) can occur with a mild and empirically plausible
degree of increasing returns—around 1.08.

The Monetary Control Act of 1980 requires the Federal Reserve System to
provide payment services to depository institutions through the 12 Federal
Reserve Banks at prices that fully reflect the costs a private-sector provider
would incur, including a cost of equity capital (COE). Although Fama and
French (1997) conclude that COE estimates are “woefully” and “unavoid-
ably” imprecise, the Reserve Banks require such an estimate every year.
We examine several COE estimates based on the capital asset pricing
model (CAPM) and compare them using econometric and materiality crite-
ria. Our results suggest that the benchmark CAPM model applied to a large
peer group of competing firms provides a COE estimate that is not clearly
improved upon by using a narrow peer group, introducing additional fac-
tors into the model, or taking account of additional firm-level data, such as
leverage and line-of-business concentration. Thus, a standard implementa-
tion of the benchmark CAPM model provides a reasonable COE estimate,
which is needed to impute costs and set prices for the Reserve Banks’
payments business. 

Many interpret estimated monetary policy rules as suggesting that central
banks conduct very sluggish partial adjustment of short-term policy inter-
est rates. In contrast, others argue that this appearance of policy inertia is
an illusion and simply reflects the spurious omission of important persist-
ent influences on the actual setting of policy. Similarly, the real-world 
implications of the theoretical arguments for policy inertia are open to 
debate. However, empirical evidence on policy gradualism obtained by 
examining expectations of future monetary policy embedded in the term
structure of interest rates is definitive and indicates that the actual amount
of policy inertia is quite low.
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We estimate a model that summarizes the yield curve using latent factors
(specifically, level, slope, and curvature) and also includes observable
macroeconomic variables (specifically, real activity, inflation, and the mon-
etary policy instrument). Our goal is to provide a characterization of the
dynamic interactions between the macroeconomy and the yield curve. We
find strong evidence of the effects of macro variables on future movements
in the yield curve and evidence for a reverse influence as well. We also 
relate our results to the expectations hypothesis. 

Linearized New Keynesian models and empirical no-arbitrage macro-
finance models offer little insight regarding the implications of changes in
bond term premiums for economic activity. We investigate these implica-
tions using both a structural model and a reduced-form framework. We
show that there is no structural relationship running from the term pre-
mium to economic activity, but a reduced-form empirical analysis does
suggest that a decline in the term premium has typically been associated
with stimulus to real economic activity, which contradicts earlier results 
in the literature. 

In 2004 and 2005, long-term interest rates remained remarkably low 
despite improving economic conditions and rising short-term interest rates,
a situation that then Federal Reserve Board Chairman Alan Greenspan
dubbed a “conundrum.” We document the extent and timing of this conun-
drum using two empirical no-arbitrage macro-finance models of the term
structure of interest rates. These models confirm that the recent behavior of
long-term yields has been unusual—that is, it cannot be explained within
the framework of the models. Therefore, we consider other macroeco-
nomic factors omitted from the models and find that some of these vari-
ables, particularly declines in long-term bond volatility, may explain a
portion of the conundrum. Foreign official purchases of U.S. Treasuries 
appear to have played little or no role. 
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The modern view of monetary policy stresses its role in shaping the entire
yield curve of interest rates in order to achieve various macroeconomic ob-
jectives. A crucial element of this process involves guiding financial market
expectations of future central bank actions. Recently, a few central banks
have started to explicitly signal their future policy intentions to the public,
and two of these banks have even begun publishing their internal interest
rate projections. We examine the macroeconomic effects of direct revela-
tion of a central bank’s expectations about the future path of the policy
rate. We show that, in an economy where private agents have imperfect in-
formation about the determination of monetary policy, central bank com-
munication of interest rate projections can help shape financial market
expectations and may improve macroeconomic performance.

This paper models and tests the implications of institutional efficiency 
on the pattern of FDI. We posit that domestic agents have a comparative
advantage over foreign agents in overcoming some of the obstacles associ-
ated with corruption and weak institutions. Under these circumstances, 
FDI is more sensitive to increases in enforcement costs. We then test this
prediction, comparing institutional efficiency levels for a large cross-
section of countries in 1989 to subsequent FDI flows through the period 
of 1990–1999, finding that institutional efficiency is positively associated
with the ratio of subsequent foreign direct investment flows to both gross
fixed capital formation and to private investment. 

This paper generalizes the Nelson-Phelps catch-up model of technology
diffusion. We allow for the possibility that the pattern of technology diffu-
sion can be exponential, which would predict that nations would exhibit
positive catch-up with the leader nation, or logistic, in which a country
with a sufficiently small capital stock may exhibit slower total factor pro-
ductivity growth than the leader nation. We derive a nonlinear specification
for total factor productivity growth that nests these two specifications. 
We estimate this specification for a cross-section of nations from 1960
through 1995. Our results support the logistic specification and are robust
to a number of sensitivity checks. Our model also appears to predict slow
total factor productivity growth well. Of the 27 nations that we identify 
as lacking the critical human capital levels needed to achieve faster total
factor productivity growth than the leader nation in 1960, 22 did achieve
lower growth over the next 35 years.
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One of the primary motivations offered by the Bank of Japan (BOJ) for its
quantitative easing program—whereby it maintained a current account bal-
ance target in excess of required reserves, effectively pegging short-term
interest rates at zero—was to maintain credit extension by the troubled
Japanese financial sector. We conduct an event study concerning the antici-
pated impact of quantitative easing on the Japanese banking sector by 
examining the impact of the introduction and expansion of the policy on
Japanese bank equity values. We find that excess returns of Japanese banks
were greater when increases in the BOJ current account balance target
were accompanied by “nonstandard” expansionary policies, such as raising
the ceiling on BOJ purchases of long-term Japanese government bonds.
We also provide cross-sectional evidence that suggests that the market 
perceived that the quantitative easing program would disproportionately
benefit financially weaker Japanese banks. 

This paper analyzes the causes and consequences of offshore financial cen-
ters (OFCs). Since OFCs are likely to be tax havens and money launderers,
they encourage bad behavior in source countries. Nevertheless, OFCs may
also have unintended positive consequences for their neighbors, since they
act as a competitive fringe for the domestic banking sector. We derive and
simulate a model of a home country monopoly bank facing a representative
competitive OFC which offers tax advantages attained by moving assets
offshore at a cost that is increasing in distance between the OFC and the
source. Our model predicts that proximity to an OFC is likely to have pro-
competitive implications for the domestic banking sector, although the
overall effect on welfare is ambiguous. We test and confirm the predictions
empirically. Proximity to an OFC is associated with a more competitive
domestic banking system and greater overall financial depth. 

Disclosure is widely regarded as a necessary condition for market disci-
pline in a modern financial sector. However, the determinants of disclosure
decisions are still unknown, particularly among banks. This paper investi-
gates the determinants of disclosure by Japanese Shinkin banks in 1996
and 1997. This period is unique because disclosure of nonperforming loans
was voluntary for Shinkin banks at this time. We find that banks with more
serious bad loan problems, more leverage, and less competitive pressure
and smaller banks were less likely to choose to disclose voluntarily. These
results suggest that there may be a role for compulsory disclosure, as weak
banks appear to avoid voluntary disclosure disproportionately. 
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Japanese Bank Equity Values
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We examine the determinants of Japanese regional bank decisions concern-
ing pricing unrealized losses or gains to market. We also examine the im-
pact of these decisions on the intensity of depositor discipline, in the form
of the sensitivity of deposit growth to bank financial conditions. To obtain
consistent estimates of depositor discipline, we first model and estimate the
bank pricing-to-market decision and then estimate the intensity of deposi-
tor discipline after conditioning for that decision. We find that banks were
less likely to price to market the larger were their unrealized securities
losses. We also find statistically significant evidence of depositor discipline
among banks that elected to price their assets to market. Our results indi-
cate that depositor discipline was more intense for the subset of banks that
priced-to-market, suggesting that increased transparency may enhance 
depositor discipline.

Yes. This paper shows that, since the late 1980s, U.S. financial markets and
private sector forecasters have become (1) better able to forecast the federal
funds rate at horizons out to several months, (2) less surprised by Federal
Reserve announcements, (3) more certain of their interest rate forecasts ex
ante, as measured by interest rate options, and (4) less diverse in the cross-
sectional variety of their interest rate forecasts. I also present evidence that
strongly suggests increases in Federal Reserve transparency played a role:
for example, private sector forecasts of GDP and inflation have not experi-
enced similar improvements over the same period, indicating that the 
improvement in interest rate forecasts has been special.

The literature on optimal monetary policy typically makes three major 
assumptions: (1) policymakers’ preferences are quadratic, (2) the economy
is linear, and (3) stochastic shocks and policymakers’ prior beliefs about
unobserved variables are normally distributed. This paper relaxes the third
assumption and explores its implications for optimal policy. The separation
principle continues to hold in this framework, allowing for tractability and
application to forward-looking models, but policymakers’ beliefs are no
longer updated in a linear fashion, allowing for plausible nonlinearities in
optimal policy. I consider in particular a class of models in which policy-
makers’ priors about the natural rate of unemployment are diffuse in a 
region around the mean. When this is the case, optimal policy responds
cautiously to small surprises in the observed unemployment rate, but 
becomes increasingly aggressive at the margin. These features match 
statements by Federal Reserve officials and the behavior of the Fed in 
the 1990s. 
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This paper demonstrates that sectoral heterogeneity itself, without addi-
tional bells or whistles, has first-order implications for the transmission of
aggregate shocks to aggregate variables in an otherwise standard dynamic
stochastic general equilibrium model. The effects of sectoral heterogeneity
on this transmission are decomposed into two channels: a “relative price”
channel and a “relative productivity” channel. The relative price channel
results from changes in the relative prices of aggregates, such as investment
vs. consumption, in response to a shock. The relative productivity channel
arises from changes in the distribution of inputs across sectors. I show that,
for standard multi-sector models, this latter channel is second-order, but
becomes first-order if I consider a nontraded input such as capital utiliza-
tion or introduce a wedge that thwarts the steady-state equalization of 
marginal products of a traded input across sectors. For reasonable parame-
terizations, the relative productivity channel causes aggregate productivity
to vary procyclically in response to even nontechnological shocks, such as
changes in government purchases.

A number of recent papers have used different financial market instruments
to measure near-term expectations of the federal funds rate and the high-
frequency changes in these instruments around Federal Open Market
Committee announcements to measure monetary policy shocks. This paper
evaluates the empirical success of a variety of financial market instruments
in predicting the future path of monetary policy. All of the instruments we
consider provide forecasts that are clearly superior to those of standard
time series models at all of the horizons considered. Among financial mar-
ket instruments, we find that federal funds futures dominate all the other
securities in forecasting monetary policy at horizons out to six months. For
longer horizons, the predictive power of many of the instruments we con-
sider is very similar. In addition, we present evidence that monetary policy
shocks computed using the current-month federal funds futures contract
are influenced by changes in the timing of policy actions that do not
influence the expected course of policy beyond a horizon of about six
weeks. We propose an alternative shock measure that captures changes 
in market expectations of policy over slightly longer horizons.

Although it is generally recognized that the equilibrium real interest rate
(ERR) varies over time, most recent work on policy analysis has been 
carried out under the assumption that this rate is constant. We show how
this assumption can affect inferences about the conduct of policy in two
different areas. First, if the ERR moves in the same direction as the trend
growth rate (as is suggested by theory), the probability that an unperceived
change in trend growth will lead to a substantial change in inflation is 
noticeably lower than is suggested by recent analyses (of inflation in the
1970s, for example) that assume a constant ERR. Second, if the monetary
authority targets a time-varying ERR but the econometrician assumes 
otherwise, estimated policy rules will tend to exaggerate the degree of 
interest rate smoothing as well as the weight that the monetary authority
places upon inflation. 
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The cyclical components of U.S. macroeconomic time series exhibit signi-
ficant nonlinearities. Standard equilibrium models of business cycles can-
not replicate nonlinear features of the data. Applying the efficient method
of moments (Gallant and Tauchen 1996) to build an algorithm that searches
over the model’s parameter space establishes the parameterization that best
allows replication of all statistical properties of the data. The results show
that under this parameterization, the model captures nonlinearities in 
investment but fails to account for observed properties of consumption.

Comparative analysis of poverty dynamics—transitions and persistence—
can yield important insights about the nature of poverty and the effective-
ness of alternative policy responses. This manuscript compares poverty
dynamics in four advanced industrial countries (Canada, unified Germany,
Great Britain, and the United States) for overlapping six-year periods in the
1990s, focusing on the impact of government policies. The data indicate
that relative to measured cross-sectional poverty rates, poverty persistence
is higher in North America than in Europe. Most poverty transitions, and
the prevalence of chronic poverty, are associated with employment instabil-
ity and family dissolution in all four countries. However, government tax-
and-transfer policies are more effective at reducing poverty persistence in
Europe than in North America. 

In theory, monetary policies that target the price level, as opposed to the
inflation rate, should be highly effective at stabilizing the economy and
avoiding deflation in the presence of the zero lower bound on nominal in-
terest rates. With such a policy, if the short-term interest rate is constrained
at zero and the inflation rate declines below its trend, the public expects
that policy will eventually engineer a period of above-trend inflation that
restores the price level to its target level. Expectations of future monetary
accommodation stimulate output and inflation today, mitigating the effects
of the zero bound. The effectiveness of such a policy strategy depends cru-
cially on the alignment of the public’s and the central bank’s expectations
of future policy actions. In this paper, I consider an environment where 
private agents have imperfect knowledge of the economy and therefore
continuously reestimate the forecasting model that they use to form expec-
tations. I find that imperfect knowledge on the part of the public, especially
regarding monetary policy, can undermine the effectiveness of price-level
targeting strategies that would work well if the public had complete knowl-
edge. For low inflation targets, the zero lower bound can cause a dramatic
deterioration in macroeconomic performance with severe recessions occur-
ring with alarming frequency. However, effective communication of the
policy strategy that reduces the public’s confusion about the future course
of monetary policy significantly reduces the stabilization costs associated
with the zero bound. Finally, the combination of learning and the zero
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bound implies the need for a stronger policy response to movements in the
price level than would otherwise be optimal, and such a rule is effective at
stabilizing both inflation and output in the presence of learning and the
zero bound even with a low inflation target.

An extensive literature has analyzed the macroeconomic effects of shocks
to the level of aggregate productivity; however, there has been little corre-
sponding research on sustained shifts in the growth rate of productivity. 
In this paper, we examine the effects of shocks to productivity growth in a
dynamic general equilibrium model where agents do not directly observe
whether shocks are transitory or persistent. We show that an estimated
Kalman filter model using real-time data describes economists’ long-run
productivity growth forecasts in the United States extremely well and that
filtering has profound implications for the macroeconomic effects of shifts
in productivity growth.

We use a micro-founded macroeconometric modeling framework to inves-
tigate the design of monetary policy when the central bank faces uncer-
tainty about the true structure of the economy. We apply Bayesian methods
to estimate the parameters of the baseline specification using postwar U.S.
data and then determine the policy under commitment that maximizes
household welfare. We find that the performance of the optimal policy is
closely matched by a simple operational rule that focuses solely on stabi-
lizing nominal wage inflation. Furthermore, this simple wage stabilization
rule is remarkably robust to uncertainty about the model parameters and to
various assumptions regarding the nature and incidence of the innovations.
However, the characteristics of optimal policy are very sensitive to the
specification of the wage contracting mechanism, thereby highlighting 
the importance of additional research regarding the structure of labor 
markets and wage determination.

A central tenet of inflation targeting is that establishing and maintaining
well-anchored inflation expectations are essential. In this paper, we re-
examine the role of key elements of the inflation targeting framework 
towards this end, in the context of an economy where economic agents
have an imperfect understanding of the macroeconomic landscape within
which the public forms expectations and policymakers must formulate and
implement monetary policy. Using an estimated model of the U.S. econ-
omy, we show that monetary policy rules that would perform well under
the assumption of rational expectations can perform very poorly when we
introduce imperfect knowledge. We then examine the performance of an
easily implemented policy rule that incorporates three key characteristics
of inflation targeting: transparency, commitment to maintaining price sta-
bility, and close monitoring of inflation expectations, and find that all three
play an important role in assuring its success. Our analysis suggests that
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simple difference rules in the spirit of Knut Wicksell excel at tethering
inflation expectations to the central bank’s goal and in so doing achieve 
superior stabilization of inflation and economic activity in an environment
of imperfect knowledge.
This article is published in this volume, pp. 1–24.

We examine the performance and robustness of monetary policy rules
when the central bank and the public have imperfect knowledge of the
economy and continuously update their estimates of model parameters. 
We find that versions of the Taylor rule calibrated to perform well under 
rational expectations with perfect knowledge perform very poorly when
agents are learning and the central bank faces uncertainty regarding natural
rates. In contrast, difference rules, in which the change in the interest rate 
is determined by the inflation rate and the change in the unemployment
rate, perform well when knowledge is both perfect and imperfect.

Micro and macro data integration should be an objective of economic
measurement as it is clearly advantageous to have internally consistent
measurement at all levels of aggregation—firm, industry, and aggregate. 
In spite of the apparently compelling arguments, there are few measures of
business activity that achieve anything close to micro/macro data internal
consistency. The measures of business activity that are arguably the worst
on this dimension are capital stocks and flows. In this paper, we document,
quantify, and analyze the widely different approaches to the measurement
of capital from the aggregate (top-down) and micro (bottom-up) perspec-
tives. We find that recent developments in data collection permit improved
integration of the top-down and bottom-up approaches. We develop a pro-
totype hybrid method that exploits these data to improve micro/macro data
internal consistency in a manner that could potentially lead to substantially
improved measures of capital stocks and flows at the industry level. We also
explore the properties of the micro distribution of investment. In spite of
substantial data and associated measurement limitations, we show that the
micro distributions of investment exhibit properties that are of interest to
both micro and macro analysts of investment behavior. These findings help
highlight some of the potential benefits of micro/macro data integration.
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Over the last few decades, state and local governments increasingly have
adopted tax and other policies to encourage economic development within
their borders. These programs have recently come under attack as poten-
tially inconsistent with the U.S. Supreme Court’s dormant Commerce
Clause jurisprudence. In an opinion issued in late 2004, the Sixth Circuit
Court of Appeals invalidated Ohio’s investment tax credit, contending that
it discriminates against interstate commerce. The U.S. Supreme Court has
granted certiorari in the case. In the meantime, similar litigation is under-
way in other states. In reaction to these developments, legislation has been
introduced in Congress to protect the right of states to provide tax incen-
tives. To shed light on the issues involved in these ongoing controversies,
we offer an introduction to existing research concerning the economic 
effects of state tax incentives. There is a voluminous literature concerning
the efficacy of state business subsidies. Surprisingly, however, very few
econometric studies have examined the multistate impact of tax credits for
physical investment (for example, the investment tax credit) or research
and development (R&D tax credits). This focus may be due in part to the
fact that, up until now, the issue was primarily one for state and local poli-
cymakers. Yet the interstate economic effects have significance for the
Commerce Clause analysis of state tax incentives. Our goal is to provide 
a general introduction to these issues and to shed some light on the com-
plexities involved in evaluating interstate economic effects.
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The San Francisco Fed’s Research Department organized four conferences
in 2006.

The Department’s annual macroeconomic conference, “Labor Markets and
the Macroeconomy,” focused on how labor market behavior can influence
the broader macroeconomy. Three of the papers addressed aspects of wage
bargaining and its consequences for wage and employment volatility over
the business cycle; a fourth paper developed a model of labor market mo-
bility. A fifth paper focused on trends in how people allocate their time. A
final paper summarized the International Wage Flexibility project to under-
stand the costs and benefits of inflation for the labor market.

Last year’s Center for Pacific Basin Studies Annual Conference brought to-
gether ten papers on a variety of international topics, including the determi-
nants of the U.S. current account deficit, the interest rate parity puzzle,
monetary integration in East Asia, and other developments in Asia.

The “Safe and Sound Banking” conference evaluated how recommenda-
tions from a 1986 task force, published as Perspectives on Safe and Sound
Banking, have fared during the past 20 years: How many have been
adopted in one form or another, how many have been rejected, and how
many are still under consideration? The conference also updated the menu
of recommendations to deal with the challenges confronting the banking
system over the next 20 years.

The Bank’s Center for the Study of Innovation and Productivity (CSIP)
sponsored the conference “Financial Innovations and the Real Economy.”
The conference focused on three areas: how innovations in financial mar-
kets affect consumer spending and borrowing; how new financial instru-
ments help firms mitigate risk but may also increase the risk to the overall
financial system; and how financial innovations affect business borrowing
behavior, which may have implications for real economic variables such as
employment and output.

These conferences bring professional economists from the Federal Reserve
System and from research institutions together with policymakers from the
United States and abroad. Many of the papers presented are “works in
progress” and therefore represent the latest research on policy-related issues.

Attendance at all of the conferences is by invitation only. In addition, the
papers are chosen from submissions by a select group of noted researchers.

In this section are the conference agendas as well as summaries of the con-
ferences that appeared in our FRBSF Economic Letter.

Conferences

Labor Markets 
and the Macroeconomy

2006 Annual 
Pacific Basin Conference

Safe and Sound Banking: 
Past, Present, and Future

Financial Innovations 
and the Real Economy
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Labor Markets and the Macroeconomy
Federal Reserve Bank of San Francisco
March 3–4, 2006

Sponsored by the Federal Reserve Bank of San Francisco

Papers presented at this conference can be found on the website
http://www.frbsf.org/economics/conferences/0603/index.html

Alan Krueger, Princeton University

William Dickens, Brookings Institution
Lorenz Goette, University of Zurich
Erica Groshen, FRB New York
Steinar Holden, University of Oslo
Julian Messina, European Central Bank
Jarkko Turunen, European Central Bank
Melanie Ward, European Central Bank
Mark Schweitzer, FRB Cleveland

Discussants: Paul Beaudry, University of British Columbia
Jeffrey Fuhrer, FRB Boston

Mark Aguiar, FRB Boston
Erik Hurst, University of Chicago

Discussants: Valerie Ramey, University of California, San Diego
Justin Wolfers, University of Pennsylvania

Robert Hall, Stanford University

Discussants: Russell Cooper, University of Texas, Austin
Martin Eichenbaum, Northwestern University

Robert Shimer, University of Chicago

Discussants: Eva Nagypal, Northwestern University
Garey Ramey, University of California, San Diego

Mark Gertler, New York University
Antonella Trigari, Bocconi University

Discussants: Lawrence Christiano, Northwestern University
Carl Walsh, University of California, Santa Cruz

Julio Rotemberg, Harvard University

Discussants: V.V. Chari, University of Minnesota
Thomas Lubik, Johns Hopkins University
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2006 Annual Pacific Basin Conference
Federal Reserve Bank of San Francisco
June 16–17, 2006

Sponsored by the Center for Pacific Basin Studies, 
Federal Reserve Bank of San Francisco

Papers presented at this conference can be found on the website
http://www.frbsf.org/economics/conferences/0606/agenda.pdf

Morris Goldstein, Institute for International Economics

Philippe Bacchetta, University of Lausanne
Eric van Wincoop, University of Virginia

Discussants: Eric Fisher, California Polytechnic State University
Richard Lyons, University of California, Berkeley

Charles Engel, University of Wisconsin
John Rogers, Federal Reserve Board of Governors

Discussants: Maurice Obstfeld, University of California, Berkeley
Mario Crucini, Vanderbilt University

Michael Devereux, University of British Columbia
Amartya Lahiri, University of British Columbia

Discussants: Christopher Gust, Federal Reserve Board of Governors
Ken Kasa, Simon Fraser University

Robert Dekle, University of Southern California
Guillaume Vandenbroucke, University of Southern California

Discussants: Chang-Tai Hsieh, University of California, Berkeley
Kar-yiu Wong, University of Washington

Mark Spiegel, FRB San Francisco
Peter Kenen, Princeton University
Sergio Schmukler, World Bank
Peter Petri, Brandeis University

R. Anton Braun, University of Tokyo
Daisuke Ikeda, Bank of Japan
Douglas Joines, University of Southern California

Discussants: David Weinstein, Columbia University
Michael Hutchison, University of California, Santa Cruz
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Manipulation and IMF Reforms
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Jaime Marquez, Federal Reserve Board of Governors
John W. Schindler, Federal Reserve Board of Governors

Discussants: James Harrigan, FRB New York
Susan M. Collins, Georgetown University

David Cook, Hong Kong University of Science and Technology
Hiromi Nosaka, Kansai University

Discussants: Amartya Lahiri, University of British Columbia
Diego Valderrama, FRB San Francisco

Exchange Rate Effects 
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An Interim Report
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Safe and Sound Banking: Past, Present, and Future
Federal Reserve Bank of San Francisco
August 17–18, 2006 

Jointly sponsored by the Federal Reserve Banks of San Francisco and Atlanta
and the founding editors of the Journal of Financial Services Research

Some papers presented at this conference can be found on the website
http://www.frbsf.org/economics/conferences/0608/index.html

Randall Kroszner, Federal Reserve Board of Governors

Fred Furlong, FRB San Francisco
Simon Kwan, FRB San Francisco

Discussants: James Wilcox, University of California, Berkeley
Eric Rosengren, FRB Boston

Robert DeYoung, Federal Deposit Insurance Corporation

Discussants: Loretta Mester, FRB Philadelphia
Myron Kwast, Federal Reserve Board of Governors

Mark Flannery, University of Florida

Discussants: Harvey Rosenblum, FRB Dallas
Dwight Jaffee, University of California, Berkeley

Simon Kwan, FRB San Francisco
George Benston, Emory University
Robert Eisenbeis, FRB Atlanta
Paul Horvitz, University of Houston
Edward Kane, Boston College
George Kaufman, Loyola University

Keynote Speaker
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Financial Innovations and the Real Economy
Federal Reserve Bank of San Francisco
November 16–17, 2006

Sponsored by the Center for the Study of Innovation and Productivity (CSIP),
Federal Reserve Bank of San Francisco

Papers presented at this conference can be found on the website
http://www.frbsf.org/economics/conferences/0611/index.html

Jeffrey Campbell, FRB Chicago
Zvi Hercowitz, Tel Aviv University

Discussants: Eric Hurst, University of Chicago
Richard Rogerson, Arizona State University

Karen Dynan, Federal Reserve Board of Governors
Douglas Elmendorf, Federal Reserve Board of Governors
Daniel Sichel, Federal Reserve Board of Governors

Discussants: Chris Carroll, Johns Hopkins University
Paul Willen, FRB Boston

Craig McIntosh, University of California, San Diego
Alain de Janvry, University of California, Berkeley
Elisabeth Sadoulet, University of California, Berkeley

Discussants: Steve Boucher, University of California, Davis
Atif Mian, University of Chicago

Adam Ashcraft, FRB New York
Joao Santos, FRB New York

Discussants: Simon Gilchrist, Boston University
Christine Parlour, University of California, Berkeley

Prasanna Gai, Bank of England
Sujit Kapadia, Bank of England
Stephen Millard, Bank of England
Ander Perez, London School of Economics

Discussants: Arvind Krishnamurthy, Northwestern University
William Nelson, Federal Reserve Board of Governors

Urban Jermann, The Wharton School
Vincenzo Quadrini, University of Southern California

Discussants: Wouter den Haan, University of Amsterdam
Giorgio Primiceri, Northwestern University
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The Supply and Demand Side Impacts
of Credit Market Information

Has the Development 
of the Structured Credit Market

Affected the Cost of Corporate Debt?

Financial Innovation, 
Macroeconomic Stability, 

and Systemic Crises
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Christina Wang, FRB Boston
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This Economic Letter summarizes the papers presented at a con-
ference on “Labor Markets and the Macroeconomy” held at the
Federal Reserve Bank of San Francisco on March 3 and 4, 2006. 

This year’s conference brought academic researchers and
policymakers together to discuss six research papers that
focused on labor markets and how labor market behavior
can influence the broader macroeconomy.

Three of the papers addressed aspects of wage bargain-
ing and its consequences for wage and employment volatil-
ity over the business cycle. Hall studied a suite of models to
understand why employment and unemployment are so
volatile. Rotemberg showed that shocks to pricing power
can help explain why wages are not strongly correlated
with the business cycle, using a model in which large firms
bargain simultaneously with many workers. Gertler and
Trigari also sought to understand why wages are relatively
smooth and employment fluctuations are relatively large
over the business cycle, showing that a model with stag-
gered multiperiod wage bargaining can replicate these fea-
tures of the data.

Shimer developed a model of labor market mobility, one
in which some workers may move among labor markets in
the event that they become unemployed. With some unem-
ployed workers leaving labor markets that have too few
jobs, Shimer showed that the model could capture the
strong negative correlation between the unemployment
rate and the vacancy rate found in U.S. data.

Aguiar and Hurst looked at five decades of time-use sur-
veys to uncover trends in how people allocate their time.
They found that between 1965 and 2003, leisure time for
men has increased by six to eight hours per week while
leisure time for women has increased by four to eight hours
per week.

The sixth paper summarized the International Wage
Flexibility project, an ambitious undertaking that includes
contributions from over 40 researchers, whose goal is to
collect and document cross-country micro-level data on
wages and earnings in an effort to understand the costs and
benefits of inflation for the labor market.

The labor market and macro volatility 

An important question in macroeconomics is why employ-
ment and unemployment are so volatile. This volatility

cannot be explained adequately using standard real busi-
ness cycle models, models in which labor and product mar-
kets are assumed to clear and are perfectly competitive.
More generally, in real business cycle models, quantities,
such as hours worked, are not that volatile because wages
and prices do much of the adjusting needed to clear mar-
kets following shocks. However, as shown by Shimer
(2005), the standard matching model, in which workers
search and then bargain with firms over wages before
forming a match, with the firm making a take-it-or-leave-it
offer to the worker, also fails to explain why employment
and unemployment are so volatile.

Hall studies two mechanisms that may make employ-
ment and unemployment more volatile. The first mecha-
nism allows for a form of equilibrium wage stickiness in
which the outcome of the wage bargain between a firm and
a worker is a combination of the Nash-bargain wage and a
constant wage. The second mechanism replaces Nash bar-
gaining with a form of alternating offers. Thus, rather than
having one party make a take-it-or-leave-it offer to be ac-
cepted or rejected, as occurs with Nash bargaining, an offer
by one party can be countered by an alternative offer by the
other party, but at the cost of a longer bargaining period.
With either of these modifications to the standard search-
and-matching model, Hall showed that employment and
unemployment became more volatile. Underlying these in-
creases in the volatilities of employment and unemploy-
ment is the fact that both mechanisms serve to make wages
“sticky,” that is, less responsive to shocks. The implication
of this wage stickiness is that employment and unemploy-
ment must do more of the adjusting needed for the labor
market to clear.

Unemployment fluctuations 
with staggered wage-setting

Gertler and Trigari also take up the issue of why employ-
ment and unemployment are so volatile in the context of a
fully specified macroeconomic model in which workers
and firms bargain before making a match. They note that
the main problem with the standard matching model, with
period-by-period Nash bargaining over wages by workers
and firms, is that wages are too volatile and too procyclical,
with wage adjustments over the business cycle moderating

Labor Markets and the Macroeconomy: Conference Summary

Reprinted from FRBSF Economic Letter 2006-17, July 21, 2006.
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firms’ demand for labor. Their approach to correct this
problem with the standard matching model is to introduce
staggered Nash wage bargaining, a form of wage rigidity
that limits the flexibility of wages and the role of employ-
ment and unemployment adjustments in labor market
clearing.

With staggered Nash wage bargaining, a proportion of
randomly selected firms negotiate a wage contract with its
existing workforce with the negotiated wage in force until
a renegotiation occurs. Workers hired between negotiation
dates receive the wage prevailing for that firm. A conse-
quence of this bargaining arrangement is that the aggregate
wage rate becomes less responsive to shocks, such as those
to productivity. Building this labor market structure into an
otherwise standard business cycle model, the authors show
that their model can replicate important features of U.S.
macroeconomic data. Specifically, their model is able to
capture the volatility in wages, unemployment, vacancies,
and labor productivity well, but does less well with respect
to the volatility of employment. 

Wage cyclicality in a search-and-bargaining model

Rotemberg also takes as motivation the fact that the stan-
dard search-and-matching model and models with compet-
itive labor markets generate too much wage volatility and
too little employment and unemployment volatility relative
to the data but, departing from previous exercises,
Rotemberg analyzes a search-and-matching model in
which firms are large and have pricing power. In his model,
firms are able to post multiple job vacancies cheaply, but
they must contend with shocks to their pricing power in 
addition to productivity shocks.

The fact that large firms can cheaply advertise multiple
job vacancies means that workers have less bargaining
power, so a positive productivity shock does not translate
into a large wage increase. As a consequence, wages be-
come less volatile and less procyclical than in the standard
search-and-matching model. Similarly, a shock that lowers
a firm’s pricing power will cause that firm to increase its
output and employment, and the rise in employment will
damp or even lower real wages. Through these mechanisms,
and without introducing any wage rigidity, real wages be-
come less volatile and less procyclical, while the volatili-
ties of employment and unemployment are magnified.

Mismatch

In models with perfectly competitive labor markets the 
real wage adjusts so that the demand and supply for 
labor are in balance. Disturbances, such as technology 
and oil price shocks, change the wage rate and the 

number of hours worked, but they do not cause unemploy-
ment. Of course, unemployment is an important feature of
the economic landscape in actual economies, and so, too,
are job vacancies, but why do unemployment and job 
vacancies coexist? The paper by Shimer advances an 
answer to this important question.

In Shimer’s model, workers are associated with par-
ticular jobs and with particular geographic locations, so a
vacancy for a dental technician cannot be filled by an un-
employed carpenter and a vacancy in Phoenix cannot be
filled by someone unemployed living in Atlanta. In this
framework, unemployment and vacancies can coexist due
to a mismatch between the skills and geographic location
of the unemployment and the skills and geographic loca-
tion of available jobs. Of course, there is some mobility be-
tween labor markets in actual economies, and the model
allows for this.

With this apparatus, Shimer shows that the model can
replicate important features of labor market outcomes. The
model allows unemployment and vacancies to coexist and
it is able to replicate closely the Beveridge curve, the
strong inverse relationship between the unemployment rate
and the vacancy rate found in U.S. macroeconomic data. In
addition, the model predicts that an increase in the ratio of
the vacancy rate to the unemployment rate should lead to
an increase in the job-finding rate, which is also qualita-
tively consistent with U.S. macroeconomic data.

Measuring trends in leisure

Understanding how and why people allocate their time be-
tween work and leisure is important for understanding both
labor market outcomes and household well-being. While it
is possible to measure the time someone spends working
for a firm it is much more difficult to measure leisure time.
The simplest approach is to simply attribute all time not
spent working in a formal labor market to leisure. Of
course, this approach ignores the fact that people can spend
a lot of time working at home on “home production.” Thus,
time spent watching TV or playing cards might reasonably
be considered leisure time, but time spent mowing the lawn
or cleaning the drapes should probably be attributed to
home production, not leisure.

To investigate how leisure time has changed over time,
Aguiar and Hurst study data from time-use surveys that 
reveal how much time respondents spend in market 
work and how they allocate their time outside of mar-
ket work. Among other results, after adjusting for changing
demographics, they find that between 1965 and 2003,
leisure has increased by 7.9 hours for men and by 6.0 hours
for women. Interestingly, for men this increase in leisure
time has come about through a decline in market work,
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while for women the increased leisure time has come 
about through a large decline in time allocated to home
production and has occurred despite a rise in time spent in
market work.

The interaction between labor markets 
and inflation

The interaction between wage changes and inflation is an
important one for macroeconomics and for monetary pol-
icy. For example, rigidities in nominal wages make price
adjustment, inflation, and, hence, monetary policy, impor-
tant for employment outcomes. Dickens et al. study the 
evidence on nominal and real wage rigidity across a wide
set of countries.

This study analyzes 31 different data sets, covering 16
countries and 27 million people, on changes over time 
in individuals’ wages or earnings. Applying a common 
protocol to all 31 data sets and correcting the data for
measurement error, the authors find that dispersion in nom-
inal wage changes across individuals is positively corre-
lated with the level of inflation, a feature that is consistent
with downward rigidity in nominal wages and with distor-
tions caused by inflation. More generally, to a greater or
lesser extent, the authors find evidence for both nominal
wage rigidity and real wage rigidity in nearly every coun-
try. In particular, nominal wage rigidity was most preva-
lent in Portugal, followed by the U.S., and least prevalent
in Germany, while real wage rigidity was most preva-
lent in Sweden, followed by Finland, and least prevalent 
in Greece. 

Richard Dennis
Economist
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This Economic Letter summarizes the papers presented at the an-
nual Pacific Basin Conference held at the Federal Reserve Bank
of San Francisco on June 16 and 17, 2006, under the sponsorship
of the Bank’s Center for Pacific Basin Studies (CPBS). 

This year’s Pacific Basin conference brought together ten
papers on a variety of international topics, including the de-
terminants of the U.S. current account deficit, the interest
rate parity puzzle, monetary integration in East Asia, and
other developments in Asia.

U.S. current account deficit

The rising current account deficit in the U.S., now running
at about 7 percent of GDP, has attracted considerable atten-
tion in recent years. Two papers at the conference analyzed
the determinants of the U.S. current account position.

Charles Engel of the University of Wisconsin and John
H. Rogers at the Board of Governors of the Federal
Reserve System investigate the possibility that the U.S.
current account deficit, large as it is, may nonetheless be
the outcome of optimizing behavior. They develop a simple
model in which a country’s current account is determined
by the expected discounted present value of its future share
of world GDP relative to its current share of world GDP.
They show that higher expected output growth in the U.S.
relative to that abroad can generate large deficits, as the
high U.S. output path supports increased lending from for-
eigners with which to finance these deficits. Moreover,
under reasonable assumptions about future U.S. GDP
growth relative to other countries, a high U.S. current ac-
count deficit may be sustainable for some time to come.
Correspondingly, they foresee little depreciation of the real
value of the dollar in the near term, though this conclusion
is sensitive to assumptions about tastes and technology.

Michael Devereux, Amartya Lahiri, and Ke Pang at the
University of British Columbia try to throw light on the
value of different explanations for the U.S. current account
deficit. For instance, it may reflect higher underlying pro-
ductivity growth in the U.S., as Engel and Rogers argue, or
it may simply reflect a trend increase in U.S. consumption
and fall in saving, independent of the path of productivity.
To identify the determinants of the deficit, Devereux et al.
use a standard two-country general equilibrium model 

and obtain quantitative estimates of various “wedges,” 
that is, the extent to which various relationships associated
with the model, such as the conditions for optimal con-
sumption, employment, investment, and production, devi-
ate from actual data. They then feed each of these
measured wedges into the model and simulate the counter-
factual path of the current account in order to determine the
contributions of each to the overall external imbalance of
the U.S. They find that a combination of higher U.S. pro-
ductivity and consumption than abroad does the best job in
accounting for most of the measured movement of the U.S.
current account. 

Interest rate parity 

The uncovered interest rate parity equation relationship is a
cornerstone of most models in international macroeconom-
ics. This relation predicts that a country with an interest rate
higher than abroad should be associated with expected de-
preciation of its currency in order to equalize the returns to
investing in foreign versus domestic assets. In fact, it has long
been a puzzle why this relation does not hold empirically,
in that relatively higher domestic interest rates have been
found to be followed by ongoing currency appreciations.

Philippe Bacchetta of the University of Lausanne and
Eric van Wincoop at the University of Virginia investigate
the extent to which incomplete information processing by
financial investors can explain this puzzle. Most models as-
sume that all investors instantaneously incorporate all new
information into their portfolio decisions. The authors con-
sider two forms of incomplete information processing: 
(i) infrequent portfolio adjustment by investors, where in-
vestors make changes in their portfolios slowly over time,
and (ii) partial information processing, where investors use
only a subset of all available information. They argue that
evidence on the costs of portfolio management can justify
such incomplete processing behavior and that it explains
the interest parity puzzle. In their framework, an increase
in the domestic interest rate leads to an increase in demand
for the domestic currency and therefore an initial apprecia-
tion of the currency as well. But when investors make in-
frequent portfolio decisions based on limited information,
they will continue to buy the currency as time goes on. This
can cause a continuing appreciation of the currency.

2006 Annual Pacific Basin Conference: Summary 

Reprinted from FRBSF Economic Letter 2007-04, February 9, 2007.



104 FRBSF Economic Review 2007

China growth and trade balance

Since 1978 China’s GDP has grown almost 10 percent per
year, while its GDP per capita has grown almost 6 percent
annually. At the same time, there has been a noticeable
transformation of the economy, with the share of workers
in agriculture decreasing from over 70 percent to less than
50 percent. 

Robert Dekle and Guillaume Vandenbroucke at the
University of Southern California formulate a quantitative,
general equilibrium growth model to try to capture China’s
recent growth and structural transformation. Their model
distinguishes three sectors: the agricultural sector, the
nonagricultural private sector, and the nonagricultural pub-
lic (government) sector. They use this model to measure
the relative contributions of productivity improvements
and the transfer of labor out of agriculture into high-pro-
ductivity activities. They find that between 1978 and 1995
the reallocation of labor from agriculture to nonagriculture
accounted for over one-third of China’s average annual 
increase in output per capita (that is, 2.0 percentage points
of total labor productivity growth of 5.2 percent), while
productivity growth in the public sector and private non-
agricultural sector contributed 1.6 and 0.6 percentage
points, respectively. Over the more recent period 1996–
2003, however, the reallocation of labor from the public to
the private nonagricultural sector accounted for a sig-
nificant part of growth, contributing 1 percentage point of 
total labor productivity growth of 5.8 percent per year,
while public and private nonagricultural sector produc-
tivity growth contributed 1.0 and 2.7 percentage points, 
respectively. 

China’s current account surplus as a percent of GDP
rose from 2.4 percent in 2002 to 7.2 percent in 2005 and is
on pace to rise even higher in 2006. Some have attributed
this development to an undervalued currency that makes
Chinese goods unduly cheap in world markets, such as the
United States. However, it is unclear how much even a sub-
stantial appreciation of the renminbi would work to reduce
China’s trade imbalance.

Jaime Marquez and John Schindler at the Board of
Governors analyze the response of China’s trade to a
change in the renminbi’s value. They first point out that
such an exercise is hampered by two factors: first, the data
available on the prices of China’s traded goods are limited,
and, second, the estimation sample includes the period of
China’s transformation from a centrally planned economy
to a market-oriented system. To address these limitations,
they use a more sensible sample period (1997–2004), and
assess the impact of changes in the real effective value of
the renminbi on the shares of China’s exports and imports
in world trade, thereby avoiding the need for trade price

proxies to compute quantity measures of trade. Marquez
and Schindler develop an empirical model explaining the
shares of China’s exports and imports in world trade in
terms of the real effective value of the renminbi. The esti-
mation results suggest that a 10 percent real appreciation of
the renminbi lowers the share of aggregate Chinese exports
by a half of a percentage point. The same appreciation 
lowers the share of aggregate imports by about a tenth of a
percentage point. 

Monetary integration in Asia

Three panelists discussed monetary integration in East
Asia. Many countries in East Asia are planning or negotiat-
ing regional trade agreements, and there is increasing inter-
est in financial integration and a common currency. Peter
Kenen at the Council on Foreign Relations and Princeton
University and Ellen Meade at American University de-
scribe the history of increasing monetary integration within
the region since the Asia financial crisis, as well as policy
options ahead, ranging from independently floating curren-
cies to a monetary union. They argue that an Asian mone-
tary union is unlikely to span the whole region, primarily
because of the continued lack of willingness to promote
formal delegation of national authority to common institu-
tions. They foresee that China and Japan, as the largest
countries in the region, are likely to keep their national cur-
rencies, while the ASEAN countries or a subset of its mem-
bers might be able to form a monetary union of their own.
Peter Petri of Brandeis University shows that East Asia in-
terdependence, defined as the preference for trade among
regional partners, actually fell in the 1980s, but has been
growing in the last decade. He points out that most of this
increasing interdependence is attributable to trade relation-
ships fostered by greater specialization in production. 

Philip Lane of Trinity College in Dublin and Sergio
Schmukler at the World Bank highlight several features
that characterize the international financial integration of
China and India. First, these countries are large holders of
official reserves, while having only a small global share of
privately held external assets and liabilities (with the ex-
ception of China’s foreign direct investment liabilities).
Second, their international balance sheets are highly asym-
metric: both countries primarily hold low-return foreign 
reserves on the asset side, together with higher-yielding 
equity and debt liabilities. Third, China and India have 
improved their net external positions over the last decade,
although, based on their level of economic development,
neoclassical models would predict them to be large net bor-
rowers. Lane and Schmukler project that domestic finan-
cial reforms and capital account liberalization in both
countries will lead them to restructure their international
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balance sheets and become major international investors,
with important consequences for global private financial
markets. 

Other developments in Asia

R. Anton Braun at the University of Tokyo, Daisuke Ikeda
at the Bank of Japan, and Douglas Joines at the University
of Southern California investigate the explanation for re-
cent declines in Japanese saving rates and interest rates.
They consider several explanations, including changes in
fertility rates, changes in survival rates, and changes in
technology. They explore the empirical relevance of these
factors using a computable dynamic overlapping genera-
tions model. They find that the combined effects of an
aging population and slower total factor productivity
growth successfully explain the declines in Japan’s saving
rate and after-tax real interest rate during the 1990s. 

David Cook at the Hong Kong University of Science and
Technology and Hiromi Nosaka at Kansai University ana-
lyze the behavior of labor markets in Indonesia at the time
of the 1997–1998 Asia crisis. They try to explain why out-
put in Indonesia (and other affected countries as well) fell,
even as employment remained relatively constant during
the crisis. They do so with a dynamic general equilibrium
model of a small open developing economy in which labor
markets include both urban employment and rural employ-
ment. They show how an external financial shock can lead
to migration of labor from the productive urban sector of
the economy to the less productive rural sector, leaving
overall employment unchanged even as aggregate output
declines. 

Reuven Glick
Group Vice President

Conference papers 

Papers are available in pdf format at
http://www.frbsf.org/economics/conferences/0606/agenda.pdf

Bacchetta, Philippe, and Eric van Wincoop. “Incomplete Information
Processing: A Solution to the Forward Discount Puzzle.”

Braun, R. Anton, Daisuke Ikeda, and Douglas Joines. “Saving and
Interest Rates in Japan: Why They Have Fallen and Why They Will
Remain Low.”

Cook, David, and Hiromi Nosaka. “Dual Labor Markets and Business
Cycles.”

Dekle, Robert, and Guillaume Vandenbroucke. “A Quantitative Analysis
of China’s Structural Transformation.”

Devereux, Michael, Amartya Lahiri, and Ke Pang. “Global Current
Account Adjustment: A Decomposition.”

Engel, Charles, and John H. Rogers “The U.S. Current Account Deficit
and the Expected Share of World Output.”

Kenen, Peter, and Ellen Meade. “Monetary Integration in East Asia:
Why East Asia Is Different and Why That Matters.”

Lane, Philip, and Sergio Schmukler. “The International Financial
Integration of China and India.”

Marquez, Jaime, and John Schindler. “Exchange-Rate Effects on
China’s Trade: An Interim Report.”

Petri, Peter. “Is East Asia Becoming More Interdependent?”



106 FRBSF Economic Review 2007

The U.S. banking industry has enjoyed record profitability
and very low failure rates in recent years. This scenario is a
welcome contrast to the 1980s, when turbulent economic
conditions, the crisis in the savings and loan industry, and a
highly volatile interest rate environment put the banking
industry under severe stress. 

In those dark days, analysts and policymakers debated a
variety of ways to address the factors that arguably precip-
itated the dire situation. Among the most comprehensive
and influential sets of proposals was one developed by a
task force of five academic researchers that was organized
and sponsored by the American Bankers Association in
1986. In their Report (published as Perspectives on Safe
and Sound Banking: Past, Present, and Future, Benston et
al. 1986), they identified the underlying problem as fol-
lows: the administration of the federal safety net at that
time, especially deposit insurance, provided incentives for
excessive risk-taking by insured depository institutions.
The Report also recommended measures that could reduce
the overall risk exposure of the deposit insurance system,
align accountabilities for the administration of deposit in-
surance with those for prudential supervision and regula-
tion, and help ensure that the deposit insurance system
would be compensated for its risk exposure. To this end,
the Report focused on changes in regulatory policies deal-
ing with a wide range of issues including deposit insur-
ance, lender-of-last-resort, market discipline, bank exami-
nations and supervision, and expansion of banking powers.

On the twentieth anniversary of this Report, the Federal
Reserve Banks of San Francisco and Atlanta, along with
the founding editors of the Journal of Financial Services
Research, held a conference named after the Report
(http://www.frbsf.org/economics/conferences/0608/). This
Economic Letter (based on Furlong and Kwan 2006) high-
lights four major areas of banking reform during the pe-
riod, reviewing both the analysis and recommendations in
the Report and comparing them to the actual outcomes. 

Deposit insurance

Deposit insurance reform was viewed as an especially criti-
cal area for ensuring the safety and soundness of the U.S.
banking system. A key shortcoming was the so-called
moral hazard problem, in which the pricing and adminis-

tration of deposit insurance distort depository institutions’
incentive for taking risk. To remove the distortions and en-
sure that the deposit insurance system would be appropri-
ately compensated for its risk exposure, the Report
recommended using risk-related charges for coverage, in-
cluding risk-related deposit insurance premiums and risk-
adjusted capital standards. In addition, the Report argued
that the risk assessment should be based on the consoli-
dated banking organization—not just the bank sub-
sidiaries; furthermore, it should also include off-balance-
sheet risks.

Consistent with these recommendations, the Federal
Deposit Insurance Corporation Improvement Act (FDI-
CIA) of 1991 required the FDIC to establish a risk-based
assessment system. However, the Deposit Insurance Funds
Act of 1996 prohibited the FDIC from charging well-man-
aged and well-capitalized institutions deposit insurance
premiums when the deposit insurance fund is at or above
the Designated Reserve Ratio (DRR). As a result, the risk-
based assessment system, bounded by the DRR require-
ment, did not have a meaningful sensitivity to risks.
Indeed, in 2005, only about 6 percent of the almost 8,000
commercial banks paid deposit insurance premiums. The
Federal Deposit Insurance Reform Act of 2005 (FDIRA)
grants the FDIC more discretion to price deposit insurance
according to risk by replacing the fixed DRR with a range. 

In keeping with the Report’s recommendations on risk-
based capital requirements, the first Basel Capital Accord
(1988) formally introduced them and included extending
them to off-balance-sheet activities. The Accord has since
been found to be vulnerable to capital arbitrage, which has
been addressed in part by several supervisory initiatives,
but its shortcomings have prompted changes that have been
proposed in the new Basel II framework.

The Report also recommended keeping the insurance
coverage at $100,000 and letting it decline in real terms
with inflation. The rationale was to increase market disci-
pline by gradually exposing more depositors to the risk of
default. In real terms, the $100,000 coverage limit that was
established in 1980 has been roughly halved by inflation
since then. Recently, FDIRA raised the retirement account
insurance coverage from $100,000 to $250,000, and it al-
lowed the FDIC to adjust the general account coverage lev-
els to keep pace with inflation starting in 2010.

Safe and Sound Banking: Past, Present, and Future

Reprinted from “Safe and Sound Banking, 20 Years Later”
FRBSF Economic Letter 2006-26, October 6, 2006
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To protect the insurance fund and uninsured creditors,
the Report recommended closing a failing depository insti-
tution when its market-value net worth falls below some
low, but still positive, number such as 1 or 2 percent of as-
sets. While the FDICIA embodied the concept of early in-
tervention with the Prompt Corrective Action provision,
the triggers for regulatory intervention are based on book-
value capital ratios. Relying on book-value capital ratios
may undermine the usefulness of early intervention when
they lag their true economic values. However, in the ab-
sence of full market-value accounting (which the Report
also recommended), using the book value ratios is neces-
sary for implementation purposes. Going beyond early in-
tervention, FDICIA’s Least Cost Resolution provision
requires the FDIC to resolve bank failures using the
method that is least costly to the insurance fund. Further-
more, the act also clarified and formalized the conditions
for protecting uninsured depositors or creditors at large bank-
ing organizations whose failure would have serious ad-
verse effects on economic conditions or financial stability.

Market discipline

Under market discipline, a firm has private sector stake-
holders, including management, shareholders, and uninsured
depositors and other creditors, who are at risk of financial
loss from the firm’s decisions and who can take actions to
“discipline” the firm or influence its behavior. The Report
recommended increasing the reliance on market discipline
by imposing costs on stakeholders as disincentives for tak-
ing risk. More specific recommendations included those
for greater reliance on subordinated debt. The Report also
recommended expanding the use of current-value meas-
ures for internal use by depository institutions, for deposit
insurance purposes, and for public disclosures. The Report
argued that one benefit of increased market discipline is
that it can supplement supervision and thus lower the agen-
cies’ expenses. One recommendation also calls for exami-
nation reports to be shared with bank management.

Some of these recommendations for increasing reliance
on market discipline are embodied in the collection of
changes that have increased regulatory emphasis on bank
capital, starting from the first Basel Capital Accord to the
newly proposed Basel II capital regulation framework.
Coincident with this has been the substantial turnaround in
book-value capitalization in the banking industry, with
nearly all U.S. banks being classified as well-capitalized by
their regulators. 

In addition, subordinated debt has become part of Tier 2
capital, which is counted towards meeting regulatory capi-
tal requirements. Contrary to the Report’s recommenda-
tions, the debt can have restrictive covenants and its

issuance need not be staggered. The current environment is
more conducive to the use of such debt in meeting capital
requirements. In fact, as part of the recapitalization of the
banking industry in the early 1990s, banking organizations
as a group did increase their reliance on subordinated debt.
More recently, policymakers also have allowed trust pre-
ferred securities to meet part of Tier I capital requirements. 

Several steps have been taken to improve public disclo-
sure by financial institutions. At the policy level, improved
disclosure is one of the three pillars in the Basel II pro-
posal. Banking agencies also have improved disclosure by
expanding the scope of regulatory reports, accelerating the
release of the reports, and making the information more
readily available.

Prudential supervision

The Report recommended several revisions to the bank ex-
amination process. It argued that, because fraud and insider
abuse were major problems, the examination process
should focus on uncovering them. Other recommendations
included: directing examinations at verifying accounting
and estimates of the current value of assets and liabilities;
using existing data, statistical methods, and computer mod-
els to monitor risk, to predict risk, and to identify prob-
lems; increasing the reporting of significant information
using computer technology. 

Over time, the agencies have, indeed, taken advantage of
advances in computer technology. A notable change di-
rectly affecting the examination process has been the adop-
tion of the so-called risk-focused approach. This approach
was formally announced by the Federal Reserve in 1997
and was supplemented with traditional transactions-testing
of a sample of a banking organization’s assets.

While improved risk management in banking could help
protect the insurance fund, that was not the motivation for
adopting risk-focused supervision. The motivation instead
rested on the assumption that banks have incentives to
measure risk accurately and to manage it. In fact, the risk-
focused approach can be seen as arising out of financial in-
stitutions’ own innovations in risk management.

The risk-focused approach, which emphasizes internal
controls at banking organizations, is consistent with the
Report’s attention on fraud detection, as is the move toward
more continuous supervision for larger banking organiza-
tions. Aside from having staff on-site at the very largest
banking organizations and regular off-site monitoring for
other banks, supervision involves a series of targeted ex-
aminations leading up to full examinations. The targeted
examinations can focus on particular areas of risk, includ-
ing credit risk, market risk, compliance risk, and opera-
tional risk.
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At the same time, off-site monitoring among the federal
banking agencies has been expanded and improved sub-
stantially, as the agencies have taken advantage of statisti-
cal models and advances in information technology. At the
Federal Reserve, for example, off-site monitoring models
are used to estimate probabilities of failures and to predict
supervisory ratings, and new models that incorporate mar-
ket-based variables are currently being developed. 

Expansion of banking powers

The Report recommended that the main criterion for au-
thorizing new activities should be the insurance agency’s
ability to monitor and to assess the total risk implications
of the new activity for the consolidated entity as well as to
price the risk to the consolidated entity. It viewed the legal
separation of commercial and investment banking, and the
separation of banking and insurance, as neither necessary
nor desirable for reducing conflicts of interest. It also re-
jected the idea of housing the new activities in nonbank
subsidiaries or affiliates because doing so would not pro-
tect the insurance agency from the risk of the new activities
so long as the holding company can shift risk to insured
bank subsidiaries.

Regulatory and legislative actions over the past 20 years
have allowed greater affiliation of banking and other finan-
cial services. Even under the Glass-Steagall Act of 1933,
bank holding companies were permitted to engage in secu-
rities underwriting and dealing on a limited basis through
their so-called Section 20 subsidiaries approved by the
Federal Reserve. On the insurance side, national banks ex-
ploited loopholes in the law by conducting insurance
agency activities in small towns. 

In 1999, the Gramm-Leach-Bliley Act formally repealed
provisions of Glass-Steagall, allowing banking firms to be
affiliated with securities firms and insurance companies.
However, the new securities activities and the insurance ac-
tivities of the banking organization must be conducted out-
side of the bank subsidiaries in nonbank affiliates. These
measures allowing greater affiliation of banking with other
financial activities are consistent with the views in the
Report that such affiliation should not lead to conflicts of
interest that are harmful to consumers. Even the continued
restrictions on mixing banking and commerce could be
seen as consistent with the Report’s views, to the extent
that the ban could be motivated by concerns over the abil-
ity of the supervisory agencies to assess and monitor the
associated risks. Nevertheless, the use of the holding com-
pany framework for expanding banking powers is clearly
at odds with the Report. 

Conclusions

The task force Report, written 20 years ago when the na-
tion’s banking and thrift sectors were in serious distress,
took a broad and deep look at the underlying contributory
causes. Its recommendations were based on sound eco-
nomic principles, including the theory underlying options
pricing models and agency theory in finance. Today, we
have much healthier banking and thrift sectors, and there
seems to be little question that the safety and soundness of
the banking system has improved substantially—at least
for now. Looking back, one can point to several major de-
velopments that have shaped the U.S. banking system dur-
ing the last two decades, including the recapitalization of
the banking industry, the greater reliance on market disci-
pline, and increased sophistication of risk management.
These developments are broadly consistent with, and to
some extent connected to, public policy measures recom-
mended by the task force, whose primary thesis was to
align risk-taking incentives among depository institutions
more appropriately and to limit the scope of the bank
safety net.

Simon Kwan
Vice President
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This Economic Letter summarizes the papers presented at the
conference “Financial Innovations and the Real Economy” held at
the Federal Reserve Bank of San Francisco by the Bank’s Center
for the Study of Innovation and Productivity (CSIP) on November
16 and 17, 2006. 

This conference featured seven papers that address the im-
pact of innovations in the financial sector on the real econ-
omy. The papers can be divided roughly into three groups.
The first group examines how innovations in financial mar-
kets affect consumer spending and borrowing. The second
group focuses on how new financial instruments may help
firms mitigate risk but, in so doing, may also increase the
risk to the overall financial system. The third group ex-
plores how financial innovations affect business borrowing
behavior, and how that behavior may increase the volatility
of financial variables but decrease the volatility of real vari-
ables, such as employment and output.

Financial innovations and the consumer

The paper by Campbell and Hercowitz begins by observ-
ing several facts about the composition of U.S. household
debt and the ways it has changed over time. One stylized
fact is that household debt has increased sharply since the
1980s. The authors argue that deregulation (in particular,
several laws passed in the early 1980s) increased competi-
tion in the consumer lending market, spurring financial
firms to provide more services at lower cost to households.
For instance, as the costs of tapping into home equity were
greatly reduced and down payment requirements were
lowered, many households may have become more willing
to acquire a greater amount of debt that is collateralized by
their houses (the single largest source of debt for U.S.
households).

One way to gauge the potential importance of financial
innovation on consumer borrowing behavior is to develop a
model that analyzes how changes in regulations would af-
fect consumer behavior and then see if the model’s predic-
tions match what is observed in the data. To that end, the
authors construct a general equilibrium model of savers
and borrowers. The general equilibrium concept is impor-
tant because it recognizes that, for every dollar of money
borrowed, someone must be willing to lend that dollar. It
has been documented that many U.S. households are net

borrowers, while a minority are net savers. Therefore, in
the Campbell-Hercowitz model, there are two types of con-
sumers: net borrowers and net savers. They show, through
a variety of exercises, that their model is consistent with
much of the data.

The paper by Dynan, Elmendorf, and Sichel addresses
how financial innovation may help consumers smooth con-
sumption over time. In their previous research (2006),
these authors argued that innovations in financial markets
could be one of the reasons that the economy has become
less volatile since the mid-1980s. Their argument is that
financial innovations have enhanced the ability of busi-
nesses and consumers to smooth their spending in the face
of swings in income. 

In this paper, they focus on the household level. They
analyze income and spending from a data set that tracks in-
dividual households over time and find several interesting
patterns. Among these, the volatility of annual income at
the household level was higher after 1984 than before, even
though aggregate volatility in the economy declined. They
explore possible reconciliations of these divergent patterns.
Finally, the authors find that, at the household level, spend-
ing has become less responsive to changes in income, espe-
cially when income falls. Financial innovations, such as
easier access to home equity, may account for this last fact.

The final paper in this group differs substantially from
others in that it focuses on financial services provided to
the very poor in Guatemala. Authors de Janvry, McIntosh,
and Sadoulet examine the role of credit bureaus (institu-
tions that gather and make available people’s credit histo-
ries) and the information consumers have about credit
bureaus in the demand and supply of credit. 

It has long been recognized that the poor in developing
countries have little, if any, access to credit. One of the
many reasons is that banks are unsure about which borrow-
ers would be good credit risks, a situation that credit bu-
reaus might help alleviate. In addition, if consumers were
aware that credit bureaus exist, they might be more likely
to pay back their loans and to undertake less risky activities
to avoid having an adverse credit report that would lessen
the prospects for future borrowing. To measure the extent
to which the introduction of credit bureaus affects bor-
rower and lender behavior, the authors exploit a random-
ized experiment in Guatemala. Their results suggest that

Financial Innovations and the Real Economy: Conference Summary
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credit bureaus do indeed help lenders identify low-risk bor-
rowers and increase the supply of credit. They also find that
those borrowers who are educated about the role of credit
bureaus in providing credit ratings are more likely to pay
back their loans than less educated borrowers. 

Financial innovations and firms: 
Risk-sharing and systemic risk

Financial innovations arguably have improved lenders’ risk
management and have made firms that want to borrow less
dependent on particular lenders. Ashcraft and Santos look
for empirical support of this notion by focusing on a partic-
ular innovation, namely, the credit default swap (CDS)
market, where a CDS is an insurance contract that pays the
insured party if a specific borrower defaults. Specifically,
they examine whether CDS transactions, which suppos-
edly lower corporate funding costs, have led firms to issue
more debt and operate with higher leverage ratios. Using
market data starting in 2001, they do find that a firm’s bor-
rowings in the syndicated loan market and its operating
leverage both increase after the firm begins having its name
traded in the CDS market. However, they do not find any
evidence that this increase in credit supply is being driven
by lower spreads or weaker nonprice terms on syndicated
bank loans. Hence, the mechanism by which this financial
innovation facilitates increased corporate borrowing re-
quires further analysis.

Similarly, the larger systemic effects of financial innova-
tion in corporate lending are not yet fully understood. New
financial instruments like CDS are widely believed to facil-
itate risk-sharing across financial intermediaries and,
hence, to have reduced the probability that difficulties at a
single intermediary could affect the entire financial system.
However, because financial innovation is spreading finan-
cial risks more widely, some observers have raised con-
cerns that new, unforeseen risk concentrations among
less-prepared market participants could amplify certain ad-
verse shocks, which would increase systemic financial risk.
Some commentators also have argued that these concerns
are particularly strong in the current environment, since
many of the markets for the recent financial innovations
have not yet been through a prolonged period of stress,
such as a deep economic recession.

Gai, Kapadia, Millard, and Perez lay out a model econ-
omy in which adverse macroeconomic shocks could lead
to asset “fire sales” that raise the probability of a systemic
financial crisis. Financial innovations should diminish this
probability, since they give firms greater access to funding
and thereby diminish firms’ need to sell their assets so
quickly during a recession. However, this greater liquidity
also leads firms to borrow more than before, which makes

them more vulnerable to adverse shocks. The model’s
trade-off between a reduced frequency of systemic shocks
and a potential increase in their severity perfectly reflects
the overall uncertainty that policymakers face regarding
the current rapid pace of financial innovation.

Financial innovations and firms: 
Borrower and lender behavior

In many models of the real economy, the financial sector
plays no important role. The assumption is that asset prices
simply reflect real fundamentals, with no feedback from
financial markets to the real economy. However, models
with financing frictions suggest that innovations in 
financial markets should have important macroeconomic
implications. 

Jermann and Quadrini discuss the impact of financial in-
novation on the volatility of debt, equity, and output. They
argue that, although the real sector of the economy has be-
come less volatile in the past few decades, the volatility of
the financial structure of firms has increased. To explain
this observation, they construct an economic model where
business cycle fluctuations are driven by asset price shocks.
Because of financial frictions, increases in asset prices af-
fect firms’ ability to produce, which then affects the real
side of the economy. For example, lenders who are worried
about default will limit the size of their loan exposure rela-
tive to the borrower’s net worth; if asset prices rise, the bor-
rowing constraint is relaxed and firms can increase
employment and investment. Innovations in financial mar-
kets that allow for greater financial flexibility of firms—
reflecting either increased ability to borrow or increased
ability to substitute equity for debt—thus reduce the
volatility of employment, investment, and output.

Wang also argues that innovations in financial markets
should lead to higher financial volatility but lower real
volatility. In her model, firms face shocks to demand for
their products. In the face of these shocks, firms would like
to use inventories to smooth production, which would, in
turn, minimize overall production costs. However, smooth-
ing production would cause cash flow to be highly volatile.
If firms face an increasing premium for obtaining external
financing—reflecting, perhaps, the difficulty that lenders
have in verifying exactly why the firm wants to borrow—
then firms would also like to smooth cash flow. This incen-
tive to smooth cash flow thus restricts the extent to which
firms choose to smooth production. Financial innovations
that affect the size of the external financing premium (and
its relationship to the amount of financing) allow firms to
have more volatile cash flow but smoother employment
and output. Wang then models how information technol-
ogy has affected the premium charged by banks and other
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financial institutions. In particular, she argues that ad-
vances in information and communication technology have
greatly lowered the marginal cost of collecting, processing,
and transmitting information in general and credit informa-
tion in particular (for example, by using computer-based
credit scoring models). As a result, banks today make loans
not only to more borrowers but also to smaller borrowers. 

Mark Doms
Senior Economist

John Fernald
Vice President

Jose A. Lopez
Senior Economist
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