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Inflation Expectations and the News∗

Michael D. Bauer
Federal Reserve Bank of San Francisco

This paper provides new evidence on the importance
of inflation expectations for variation in nominal interest
rates, based on both market-based and survey-based meas-
ures of inflation expectations. Using the information in
TIPS break-even rates and inflation swap rates, I docu-
ment that movements in inflation compensation are important
for explaining variation in long-term nominal interest rates,
unconditionally as well as conditionally on macroeconomic
data surprises. Daily changes in inflation compensation and
changes in long-term nominal rates generally display a close
statistical relationship. The sensitivity of inflation compensa-
tion to macroeconomic data surprises is substantial, and it
explains a sizable share of the macro response of nominal rates.
The paper also documents that survey expectations of infla-
tion exhibit significant co-movement with variation in nominal
interest rates, as well as significant responses to macroeco-
nomic news.

JEL Codes: E43, E44, E52.

1. Introduction

Are changes in expected inflation an important driver for variation in
long-term nominal interest rates? To understand the driving forces
behind changes in nominal rates is crucial for academic researchers
and policymakers, since it reveals how economic agents form expec-
tations about policy and inflation, how risk premia vary over time,
and how real and nominal forces affect economic incentives. Macro-
economic data releases are a major source of volatility and lead to
pronounced responses of the nominal term structure of interest rates
(Balduzzi, Elton, and Green 2001; Gürkaynak, Sack, and Swanson
2005; Bauer 2014). This paper provides new evidence, using both

∗Author e-mail: michael.bauer@sf.frb.org.
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market-based and survey-based measures of expected inflation, that
variation in inflation expectations contributes importantly to the
variability in both short-term and long-term nominal interest rates.

The Taylor-rule literature has demonstrated that movements in
policy rates can be accurately described by a simple policy rule in
which the nominal short rate is a linear function of inflation and
output.1 In estimated Taylor rules, the policy response to current
inflation is typically found to be very pronounced (Taylor 1999;
Clarida, Gali, and Gertler 2000). There is a tight statistical rela-
tionship between current inflation and current short-term interest
rates.2 In light of this fact, one might expect that expectations of
future nominal short rates are closely related to expectations of
future inflation. This would imply that a large share of variation
in nominal long-term rates is explained by variation in future infla-
tion. However, if the policy rule is credible and satisfies the Taylor
principle, i.e., exhibits a positive response of real short rates to infla-
tion, and if inflation expectations are anchored, then shocks affecting
current output and inflation will be undone by monetary policy. In
that case, long-term inflation expectations will be largely unaffected
by current shocks. It is ultimately an empirical question how vari-
able inflation expectations are and how much they contribute to
the variability in nominal rates. The answer to this question has
implications for the effectiveness of monetary policy. Highly variable
inflation expectations would indicate the lack of a credible inflation
target of the central bank.

One way to address this issue is to investigate the response of
inflation expectations to macroeconomic data surprises. Unfortu-
nately, inflation expectations are not easy to measure. Several studies
have used financial market data to learn about the response of infla-
tion expectations to macro surprises. Gürkaynak, Sack, and Swanson
(2005) find that in the United States, far-ahead nominal forward
rates are quite sensitive to news, and argue that variation in inflation
expectations and shifts in the central bank’s implicit inflation likely

1After Taylor’s (1993) original paper, there have been numerous studies on
this topic; for a survey, see Orphanides (2008).

2Additionally, the literature about the Fisher effect shows that at low fre-
quencies both short- and long-term interest rates move together with actual
inflation—see specifically Wallace and Warner (1993).
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explain this result. Gürkaynak, Levin, and Swanson (2010) come to
a similar conclusion based on an analysis of the sensitivity of forward
inflation compensation—the difference between nominal forward
rates and real forward rates from the Treasury Inflation-Protected
Securities (TIPS) market. In contrast, Beechey and Wright (2009),
henceforth BW, estimate only small responses of forward inflation
compensation to real-side macroeconomic news, and attribute most
of the impact of such news on nominal rates to the response of real
rates.

To shed some light on these contradicting findings, this paper
revisits this evidence and carefully investigates the role of inflation
compensation for explaining movements in nominal interest rates.
While the studies cited above have focused on TIPS break-even
inflation (BEI) rates—the spread between nominal rates and TIPS
real rates—as a measure of inflation compensation, I also include
inflation swap (IS) rates in the analysis. These instruments provide
additional useful information about inflation compensation, which
is unobserved due to market frictions and liquidity effects. I present
results for both BEI and IS rates, as well as for an additional, novel
measure of inflation compensation, which incorporates information
from both sources and includes a liquidity adjustment.

There is a close statistical relationship between inflation com-
pensation and long-term nominal rates. Unconditional correlations
between daily changes in inflation compensation and in nominal
rates are generally quite high, independent of the sample, frequency,
or measure of inflation compensation. This correlation has varied
over time, and its exact magnitude slightly differs between alter-
native measures of inflation compensation, but the overall picture
that emerges is one of a quite strong co-movement. The high corre-
lations suggest that variability in inflation compensation was impor-
tant for variation in nominal interest rates. An additional point is
that toward the end of the sample, correlations with nominal rates
decrease significantly, which may be the result of the introduction
of an explicit inflation target by the Federal Reserve and a conse-
quently declining role for variation in inflation expectations most
recently.

We are ultimately more interested in the response of interest
rates to news about economic fundamentals than in unconditional
correlations. I document that inflation compensation, no matter
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how it is measured, exhibits strong sensitivity to macroeconomic
surprises, both for price-level news and real-side news. This holds
true for long-term yields as well as far-ahead forward rates. Sur-
prises about non-farm payrolls, a major source of economic news
and driver of nominal interest rates, have significant and sizable
effects on inflation compensation. Overall, inflation compensation
appears to be a quantitatively important factor for explaining the
high sensitivity of long-term nominal rates to macro news.

While consistent with other studies in this literature, my findings
about the sensitivity of forward inflation compensation to real-side
macro news stand in contrast to those of BW, who find very little
such sensitivity and conclude that “the vast majority of the sensitiv-
ity is concentrated in real rates.” I drill down into the reasons for the
different findings, and show that focusing on intraday responses of
TIPS break-even rates, as BW do, may partly mask the sensitivity to
real-side macro news. This is due to a slightly delayed response to the
announcements. I argue that event studies using intraday changes
in asset prices, while having a lot of potential to increase precision
and avoid unnecessary noise, should normally be complemented by
analysis using daily changes. If we find significant results using daily
event windows, and do not using intradaily event windows, then we
may want to carefully explore the data for potential delays in asset
price responses.3 Another reason for differences between my results
and those of BW is that they include the financial crisis in their sam-
ple, a period during which TIPS BEI rates may not have reflected
inflation compensation very accurately due to variations in liquidity
premia in Treasury markets.

The presence of inflation risk premia is a concern, because move-
ments and sensitivity of inflation compensation may be partly due
to the behavior of such risk premia. However, there is evidence that
risk premia primarily move at lower frequencies, which suggests
that they would be largely differenced out in the high-frequency
analysis described above. Furthermore, risk premia appear to behave
countercyclically, whereas the response of inflation compensation to

3Statistically significant delayed responses do not necessarily imply arbitrage
opportunities, for two reasons. The response may be too small, given the pres-
ence of transaction costs, to be taken advantage of in practice. And the required
trading position to profit from such a pattern may be quite risky.
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macroeconomic news is procyclical. It is unlikely that risk premia
are a major factor responsible for these results. However, to guard
against this possibility, the paper also investigates the behavior of
survey-based inflation expectations.

Survey expectations of future inflation are available from dif-
ferent sources. In my analysis I focus on the monthly Blue Chip
Economic Indicators survey and the quarterly Survey of Profes-
sional Forecasters. In addition to near-term inflation expectations,
both also include long-term expectations (although these are only
semi-annual for Blue Chip). As for the market-based inflation expec-
tations, I consider the unconditional relationship between nominal
rates and inflation expectations, as well as their behavior conditional
on macroeconomic news, under the constraints that the frequency
is lower and the horizons are determined by the survey designs. The
correlations between changes in nominal interest rates and survey
expectations of inflation are significant for short horizons, and in
some cases for long horizons. The magnitudes of the correlations of
nominal rates with inflation expectations are similarly high as those
with inflation compensation at the same frequencies. This indicates
that the co-movement of inflation expectations and nominal interest
rates is substantial, and that it is expectations and not risk premia
that explain the co-movement with inflation compensation.

The paper is the first to estimate the sensitivity of survey-based
inflation expectations to macro news. To do so, I cumulate macro
surprises over the monthly or quarterly observation windows. Nat-
urally, these long windows substantially lower the precision of the
estimated sensitivities, since a host of news and noise that we can-
not control for also affect agents’ expectations over these intervals.
However, the results still show significant responses, both economi-
cally and statistically, of several different survey measures of infla-
tion expectations to macroeconomic surprises. The regression R2 is
around 20 percent, which is substantial given the amount of out-
side news during such a long observation period, and it is almost as
high as for the regressions of nominal interest rates on macro news.
The macro surprises are jointly significant for all but one expecta-
tions measure. Several estimated coefficients are significant and siz-
able, and most have the expected sign. Overall, this regression-based
evidence points to significant sensitivity of inflation expectations
to macro news, and to an important role of inflation expectations
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in explaining the sensitivity of nominal rates. While the evidence
is stronger for expectations at short horizons, there is also some
evidence for the variability of long-term inflation expectations.

Taken together, the evidence presented in this paper suggests
that long-term inflation expectations display economically impor-
tant variation, and that they play a substantial role in explaining the
variability of long-term nominal interest rates and their responses
to macro news. One consequence of this conclusion is that a better
anchoring of long-term inflation expectations, lowering their volatil-
ity and sensitivity to macroeconomic news, would likely reduce the
variability of long-term interest rates. Hence, well-anchored inflation
expectations have important economic benefits, not only in terms
of reduced uncertainty about future inflation but also in terms of
lower variability of asset prices. This is a strong argument in favor
of explicit inflation targets for the conduct of monetary policy, in
order to better anchor inflation expectations.

2. Market-Based Measures of Inflation Expectations

A convenient and widespread approach for obtaining estimates of
inflation expectations is to use financial market data. The crucial
concept is inflation compensation, which is the additional yield that
investors require to cover expected future inflation and the riskiness
due to the uncertainty of future inflation:

int = rn
t + ICn

t (1)

= rn
t + n−1

n∑

i=1

Etπt+i + IRPn
t . (2)

The nominal interest rate for a zero-coupon bond of maturity n, int , is
the sum of the real interest rate for the same maturity, rn

t , and infla-
tion compensation, ICn

t . Despite the availability of inflation-indexed
fixed-income securities, such as TIPS bonds in the United States, the
real interest rate and inflation compensation are not observed with-
out error. Due to differences in liquidity premia between nominal
and inflation-indexed bond markets, the difference between observed
nominal and real yields will be a noisy measurement of inflation
compensation. To guard against this issue, the analysis is carried
out using alternative estimates of inflation compensation.



Vol. 11 No. 2 Inflation Expectations and the News 7

Due to the risk of changes in inflation, inflation compensation
generally contains an inflation risk premium. Equation (2) is the
generalized Fisher equation, expressing the nominal rate as the sum
of the real rate, expected future inflation—πt is the continuously
compounded rate of inflation between t − 1 and t—and an infla-
tion risk premium, IRPn

t . The ultimate goal of this paper is to learn
about the importance of inflation expectations, the second term in
equation (2), for variation in long-term nominal rates. To obtain
evidence about inflation expectations based on an analysis using
inflation compensation, one needs to either resort to a model for
estimating the risk premium, as in Christensen, Lopez, and Rude-
busch (2010) or D’Amico, Kim, and Wei (2010), or make additional
assumptions about the behavior of this risk premium. Because esti-
mates of the inflation risk premium are highly uncertain and model
dependent, I focus on documenting patterns in inflation compensa-
tion and do not attempt to correct for a risk premium. Empirical
evidence suggests that risk premia move slowly and vary primarily
at business-cycle frequencies (Harvey 1989; Cochrane and Piazzesi
2005; Lustig, Roussanov, and Verdelhan 2010). Under the assump-
tion that risk premia are slow moving, they will be largely differenced
out in the high-frequency analysis that follows. To the extent that
one is willing to entertain this assumption, the results about the
behavior of inflation compensation can also be taken as evidence
about inflation expectations.

2.1 Measures of Inflation Compensation

This paper uses two sources of information about inflation compen-
sation: spreads in yields on nominal and inflation-indexed bonds,
and inflation swap rates. Absent market frictions and liquidity
risk premia, the two measures should coincide. In practice, there
are notable discrepancies between the two, so it is worthwhile
to include both in any empirical analysis of inflation compensa-
tion.4

4Studies that have compared these measures and investigated reasons for dis-
crepancies include Fleckenstein, Longstaff, and Lustig (2010) and Christensen
and Gillan (2011).
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2.1.1 TIPS Break-Even Inflation Rates

Treasury Inflation-Protected Securities (TIPS) are bonds that
deliver payoffs indexed to the CPI; therefore, yields correspond to
real interest rates. The break-even inflation (BEI) rate is the differ-
ence between a nominal Treasury yield and the corresponding TIPS
yield of the same maturity. This is the rate of inflation that makes
investments in indexed and non-indexed bonds equally profitable.

Data on nominal and TIPS zero-coupon yields is readily avail-
able. For nominal yields I use the data constructed by Gürkaynak,
Sack, and Wright (2007). Zero-coupon TIPS yields are constructed
by Gürkaynak, Sack, and Wright (2010). Both data sets are available
for download on the Board of Governor’s website. Due to low liquid-
ity and indexation effects, TIPS yields at very short maturities are
erratic and unreliable; hence, the shortest maturity in the data of
Gürkaynak, Sack, and Wright (2010) is two years. The sample period
for BEI rates used here starts in January 2, 2003, after the TIPS mar-
ket had left its infancy. The data sample ends on December 31, 2013.

Generally BEI rates are not equal to inflation compensation,
because they contain a liquidity risk premium which captures the
differences in liquidity between the nominal Treasury and TIPS
market. The effects of this liquidity premium were particularly obvi-
ous during the recent financial crisis: during 2008, flight-to-safety
effects in the non-indexed Treasury market artificially compressed
the spread between nominal and real yields. For some time, the
distortions in BEI rates were so large that there was barely any
information content about expected future inflation. There are dif-
ferent ways to adjust BEI rates for liquidity premia, including model-
based approaches (for example, D’Amico, Kim, and Wei 2010) and
straightforward regression-based methods (as in Gürkaynak, Sack,
and Wright 2010). In the analysis below, I will report results for
observed, unadjusted BEI rates. In addition, I will use liquidity-
adjusted BEI rates together with adjusted inflation swap rates to fil-
ter an estimate of inflation compensation in a state-space framework.

2.1.2 Inflation Swap Rates

Inflation swaps are financial contracts in which one party pays a
fixed interest rate, the swap rate, and the other party pays the CPI
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inflation rate on an underlying notional. No payments are exchanged
until the settlement date, so that one also speaks of a zero-coupon
inflation swap. Studies that use data on inflation swaps include
Fleckenstein, Longstaff, and Lustig (2010), Christensen and Gillan
(2011), and Haubrich, Pennacchi, and Ritchken (2012).

The swap rate data set contains end-of-day rates on U.S. zero-
coupon inflation swaps for maturities from one to ten years. The
data comes from Bloomberg. Fleming and Sporn (2013) show that
these end-of-day quotes are generally very close to actual transac-
tion prices, which is comforting. The sample period is from January
2, 2005, to December 31, 2013.

Empirically, IS rates are typically higher than BEI rates, and
this spread was particularly pronounced during the recent financial
crisis (see figure 1). The spread arises due to either liquidity pre-
mia in TIPS or in IS rates, or a combination of both (Christensen
and Gillan 2011). Notably, during the recent financial crisis, infla-
tion swap rates did not show the same anomalous behavior as TIPS
break-even spreads. While liquidity premia in different markets often
show commonalities (Chordia, Sarkar, and Subrahmanyam 2005),
the variability in the BEI-IS spread is an indication that liquidity
effects in the swap market differ from those in the TIPS market.
Fleckenstein, Longstaff, and Lustig (2010) argue that the spread is
largely due to mispricing in the TIPS market, which would be an
argument to view IS as a better approximation of the true infla-
tion compensation. Fleming and Sporn (2013) document that the
inflation swap market is quite liquid and transparent, with modest
bid-ask spreads, which also points to liquidity premia in this market
likely being small.

Figure 2 shows rolling correlations of the ten-year BEI rate and
the corresponding IS rate. The window length is 250 trading days,
corresponding to about one year. For most of the sample period
where both series are available, the correlation has been between 0.6
and 0.8. During the crisis period, this correlation dropped to as low
as 0.2. This suggests that important market frictions were present
during this time, and that the liquidity and risk premia in these two
series had important idiosyncratic components.

In this paper I do not take a stand on whether BEI or IS rates
provide better estimates of the unobserved inflation compensation.
I show results for both measures, as well as for a third inflation
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Figure 1. Alternative Measures of Inflation Compensation

Notes: The top panel shows alternative measures of inflation compensation for
the five-year maturity, the middle panel for the ten-year maturity, and the bottom
panel for the five-to-ten-year forward maturity.
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Figure 2. Correlation between Ten-Year TIPS
Break-Even and Swap Rate

2006 2008 2010 2012 2014

0.
0

0.
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0

Year

Notes: The figure shows the correlation between daily changes in the TIPS BEI
rate and the IS rate for the ten-year maturity, using rolling sub-samples of 250
trading days. The indicated date is the end of the sub-sample window.

compensation measure that combines the available information.
Since the results are qualitatively similar across the different meas-
ures, we can have some confidence that they are not driven by the
behavior of liquidity premia.

2.1.3 Filtering Inflation Compensation from Break-Even and
Swap Rates

The two alternative measures of inflation compensation that we
have available are presumably both imperfect, due to variation
in idiosyncratic factors related to market frictions. Therefore it
appears promising to combine the information from both sources,
and possibly get an improved estimate of true, unobserved infla-
tion compensation. I will use the following state-space approach to
do so:

ICt = ICt−1 + wt (3)

BEIadj
t = ICt + v1

t (4)

ISadj
t = ICt + v2

t . (5)
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Equation (3) is the transition equation for the inflation compensa-
tion, which is the latent state variable of the state-space system.
In the spirit of a local-level model, the transition equation is spec-
ified as a random walk. The innovation wt is taken to be Gaussian
and homoskedastic. Equations (4) and (5) are the observation equa-
tions, linking break-even inflation and inflation swap rates to infla-
tion compensation. To allow for serially correlated errors, v1

t and v2
t

are specified as autoregressive processes. The (Gaussian) innovations
to these processes are allowed to be mutually correlated.

Instead of using observed BEI and IS rates, these measures are
first adjusted for liquidity premia. I regress the observed rates on
proxies for liquidity risk and take the residual as a premium-adjusted
measure, denoted by BEIadj

t and ISadj
t . This is the approach chosen

by Gürkaynak, Sack, and Wright (2010), who estimate the liquidity
premium in BEI rates using as liquidity proxies the spread between
Resolution Funding Corporation strips and Treasury strips, as well
as the trading volume in the TIPS market relative to the entire
Treasury market. For the BEI rates I use these same proxies. To esti-
mate liquidity premia in IS rates, I use the average bid-ask spreads
for inflation swaps of the same maturity (five or ten years).5 Since
this approach identifies only variation in the liquidity premium but
not its level, I normalize this to be zero at the end of the sample.
To the extent that liquidity premia are not completely purged from
BEIadj and ISadj , they will be captured by v1

t and v2
t . It is therefore

important to allow for serial correlation in the measurement errors,
because liquidity premia are presumably quite persistent. In par-
ticular, during the financial crisis period liquidity premia remained
persistently high.

To calculate the likelihood function and to filter the latent state
variable, I use the Kalman filter. Filtered inflation compensation is
obtained for both the five-year and the ten-year maturity. Figure
1 shows all three measures of inflation compensation: observed
BEI rates, observed IS rates, and filtered inflation compensation
(IC∗).

5I use twenty-day moving averages of these bid-ask spreads.



Vol. 11 No. 2 Inflation Expectations and the News 13

2.2 Correlation of Inflation Compensation with Nominal
Rates

A natural first step is to calculate unconditional correlations between
changes in nominal rates and changes in inflation compensation.
Given the decomposition in equation (1), a high correlation implies
that variation in inflation compensation is an important source for
variation in nominal rates. If, on the other hand, the correlation
is low, this would imply that movements in real rates are a more
important source of nominal rate volatility.

Table 1 reports correlations of the three different measures of
inflation compensation with nominal rates, for the five-year yield,
the ten-year yield, and the five-to-ten-year forward rate. The sam-
ple starts in January 2005 and ends in December 2013, a period over
which observations for both BEI and IS rates are available.

The first row shows correlations for the sample including all daily
changes within the sample period. The correlations with nominal
rates are quite substantially high for all three measures, particularly
at the long end of the yield curve. The correlation is strongest for
BEI rates. Overall, it seems that there is an important association
between nominal rates and inflation compensation.

The second and third rows show results for the sample that only
includes days on which an employment report or CPI numbers were
released. On days with employment reports, nominal interest rates
typically display a high level of volatility (Bauer 2014). The correla-
tions are particularly high for this sub-sample, which shows that the
co-movement of inflation compensation and nominal rates is stronger
when the source of volatility is news in the employment report. For
days with a CPI release, the estimated correlations between forward
inflation compensation and forward rates are also higher than for
the whole sample. The volatility in long-term nominal rates caused
by news about inflation appears to be associated quite strongly with
movements in inflation compensation.

The table also reports correlations for changes at lower sample
frequencies, namely, weekly, monthly, and quarterly changes. These
correlations are typically larger than the correlations at the daily fre-
quency. Evidently, the relationship between changes in nominal rates
and inflation compensation is even stronger at these lower frequen-
cies. However, movements in risk premia, which arguably become
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more relevant at lower frequencies, may partly explain this close
co-movement.

The evidence in table 1 suggests an important role for infla-
tion compensation for explaining volatility in nominal rates. The
correlations are sizable and also significantly different from zero in
all but one of the cases.6 While correlations for inflation swaps are
somewhat weaker in some cases, overall the finding is robust across
the three different measures of inflation compensation. Therefore
it seems unlikely that liquidity effects in particular markets con-
tribute a lot to these high correlations. And under the assumption
that inflation risk premia are slow moving, the evidence based on
daily changes suggests that changes in inflation expectations are
correlated with nominal rate changes.

To assess the sub-sample stability of the results above, it is use-
ful to consider how correlations of daily changes in nominal rates
and IC have evolved over the sample period. Figure 3 shows rolling
correlations for sub-samples of 250 observations, that is, over about
one year. The correlation series are shown for all three inflation
compensation measures and for three different maturities.

Rolling-sample correlations between inflation compensation and
nominal rates exhibit some variation over time. During the financial
crisis, correlations were generally lower than at most other times in
the sample. For instance, early on in the crisis, IS rates were essen-
tially uncorrelated with nominal rates. The correlations of both IS
rates and filtered inflation compensation with nominal rates have
generally been lower and more variable than for the BEI rates. After
the end of the crisis until about 2012, correlations were high and
remained relatively stable, particularly for BEI rates for ten-year
yields and five-to-ten-year forward rates. Toward the end of the sam-
ple, correlations decrease significantly. For most series in figure 3, the
correlations drop to zero by the end of 2013. This may have been a
result of the introduction of an explicit inflation target of 2 percent
by the Federal Reserve in January 2012. This policy had the goal of
more firmly anchoring long-term inflation expectations. As a result,

6I carried out significance tests based on the usual Student-t approximation for
the correlation coefficient. The p-values, which are not shown, are much smaller
than 5 percent in all cases, with the exception of the five-year inflation swap rate
over the CPI sub-sample.
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Figure 3. Correlations between Inflation Compensation
and Nominal Rates

Notes: The figure shows the correlation between daily changes in inflation com-
pensation and nominal rates, using rolling sub-samples of 250 trading days. The
indicated date is the end of the sub-sample window. The top panel shows cor-
relations for the five-year maturity, the middle panel for the ten-year maturity,
and the bottom panel for the five-to-ten-year forward maturity.
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inflation compensation may have become more stable, relative to real
rates, which would have decreased the correlation between inflation
compensation and nominal rates.

The overall picture that emerges from this evidence is that for
the sample as a whole, changes in nominal rates are quite closely
associated with changes in inflation compensation. The strength of
the co-movement has varied to some degree over time and differs
slightly depending on which measure of inflation compensation is
used. Overall, however, there appears to have been a significant and
rather close relationship for most of the sample period. This suggests
that the variation in inflation compensation is an important source
for variation in nominal rates.

2.3 Sensitivity of Inflation Compensation to Macroeconomic
News

While unconditional correlations are informative about the relation-
ship between nominal rates and inflation compensation, they could
be driven by many factors such as changes in liquidity and inflation
risk premia, safe-haven demand flows, and others. It is preferable
to study movements in asset prices that are caused by fundamental
news to agents’ perceptions of the current economic situation. To this
end, a large literature has focused on the sensitivity of asset prices
to macroeconomic data surprises. In what follows, I investigate the
sensitivity of inflation compensation to macro news and assess how
much it contributes to explaining the sensitivity of nominal rates.

The effects of macroeconomic announcements on asset prices can
be estimated using an event study, where changes in asset prices
around the time of a data release are regressed on a measure of the
surprise component in this release (see, e.g., Balduzzi, Elton, and
Green 2001):

Δpt = β′st + εt, (6)

where t indexes days with announcements, Δpt is the change in an
asset price or interest rate around the announcement, and st is a
k × 1 vector containing the surprise component for each of the k
announcements—the kth element of st is zero if there was no release
for this announcement on day t. Multivariate regression is used in
order to partial out the effects of different announcements that occur
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on the same day. The surprise component is calculated as the dif-
ference between the released number and the consensus expectation
for the release. This surprise is standardized to have unit variance
for the sake of comparability of different releases. The releases I con-
sider are the thirteen data releases that BW include in their analysis.
The dependent variables are changes, in basis points, in nominal
rates, real rates, and inflation compensation. Hence each element of
β has the interpretation of representing the basis-point response of
an interest rate to a one-standard-deviation surprise in the corre-
sponding announcement. As in BW, I report results for the five-year
yield, the ten-year yield, and the five-to-ten-year forward rate.

Table 2 shows the estimated responses for the TIPS data. The
sample period is chosen to exclude the financial crisis, and extends
from January 2, 2003, to July 31, 2007. The results show that both
real rates and inflation compensation are very sensitive to macro-
economic news. The regression R2 is quite similar, the surprises
are highly jointly significant in both cases, and there are about as
many significant coefficients for real rates as there are for inflation
compensation. This holds for yields as well as forward rates.

For news about the price level—core CPI, core PPI, and employ-
ment cost index (ECI)—the responsiveness is concentrated in BEI
rates, consistent with the findings of BW. For real-side macroeco-
nomic news, the results here show that in most cases both real
rates and BEI rates contribute significantly to the response of nom-
inal rates. This is true for yields as well as for far-ahead forward
rates. This contrasts with the conclusion of BW, who find almost
no response of far-ahead forward rates to real-side news, whereas I
find that real-side news matters for far-ahead forward inflation com-
pensation. In the specific case of payroll news, the most important
economic data release, the sensitivity of forward inflation compen-
sation is highly significant and only slightly smaller than the sensi-
tivity of real forward rates. A few other real-side data releases also
significantly affect far-ahead forward inflation compensation.

Table 3 presents the same results for the inflation swap data set,
based on a sample period from January 2, 2005, to December 31,
2013. For this later sample, which includes the financial crisis, the
nominal rate responses look quite different than for the TIPS BEI
sample. R2 is much smaller, and so are several of the response coef-
ficients, including the one for payroll news. Regarding the relative



Vol. 11 No. 2 Inflation Expectations and the News 19

T
ab

le
2.

M
ar

ke
t

R
es

p
on

se
s

to
M

ac
ro

ec
on

om
ic

N
ew

s—
T

IP
S

T
en

-Y
ea

r
Y

ie
ld

F
iv

e-
Y

ea
r

Y
ie

ld
F
iv

e-
b
y
-F

iv
e-

Y
ea

r
F
o
rw

ar
d

R
at

e

N
o
m

in
al

R
ea

l
IC

N
o
m

in
al

R
ea

l
IC

N
o
m

in
al

R
ea

l
IC

C
ap

ac
it
y

0.
12

0.
24

−
0.

11
0.

07
0.

33
−

0.
26

0.
20

0.
14

0.
06

(0
.4

7)
(0

.3
9)

(0
.3

0)
(0

.5
4)

(0
.4

7)
(0

.3
8)

(0
.4

5)
(0

.4
0)

(0
.3

1)
C

on
fid

en
ce

0.
47

0.
11

0.
36

0.
62

0.
37

0.
25

0.
33

−
0.

15
0.

47
(0

.7
8)

(0
.7

2)
(0

.2
4)

(0
.8

1)
(0

.7
6)

(0
.2

6)
(0

.8
0)

(0
.7

2)
(0

.3
0)

C
or

e
C

P
I

1.
29

∗∗
−

0.
42

1.
71

∗∗
∗

1.
73

∗∗
−

0.
88

2.
61

∗∗
∗

0.
82

0.
06

0.
76

∗

(0
.6

4)
(0

.6
1)

(0
.4

1)
(0

.7
3)

(0
.6

9)
(0

.4
8)

(0
.6

2)
(0

.6
1)

(0
.4

2)
D

ur
ab

le
G

oo
ds

0.
99

1.
03

−
0.

04
1.

33
1.

68
∗∗

−
0.

35
0.

64
0.

37
0.

27
(0

.7
7)

(0
.6

8)
(0

.3
7)

(0
.9

3)
(0

.8
2)

(0
.4

9)
(0

.6
3)

(0
.5

8)
(0

.3
1)

E
C

I
0.

04
1.

02
−

0.
98

∗∗
−

0.
03

0.
89

−
0.

93
∗∗

0.
09

1.
15

−
1.

06
∗

(1
.2

1)
(1

.0
4)

(0
.4

6)
(1

.1
9)

(1
.2

4)
(0

.4
2)

(1
.3

3)
(0

.9
2)

(0
.6

3)
R

ea
l
G

D
P

A
dv

.
1.

77
1.

15
0.

62
1.

50
1.

76
−

0.
26

2.
05

0.
53

1.
52

∗∗

(1
.4

7)
(1

.2
0)

(0
.4

5)
(1

.3
0)

(1
.2

9)
(0

.4
8)

(1
.7

3)
(1

.1
8)

(0
.7

7)
In

it
ia

l
C

la
im

s
−

1.
02

∗∗
∗

−
0.

70
∗∗

∗
−

0.
31

∗∗
−

1.
17

∗∗
∗

−
0.

77
∗∗

∗
−

0.
40

∗∗
−

0.
87

∗∗
∗

−
0.

64
∗∗

−
0.

23
(0

.3
1)

(0
.2

5)
(0

.1
6)

(0
.3

1)
(0

.2
7)

(0
.1

8)
(0

.3
3)

(0
.2

7)
(0

.1
9)

N
A

P
M

1.
74

∗∗
∗

1.
85

∗∗
∗

−
0.

11
2.

06
∗∗

∗
2.

17
∗∗

∗
−

0.
11

1.
36

∗∗
∗

1.
55

∗∗
∗

−
0.

19
(0

.4
8)

(0
.3

7)
(0

.4
4)

(0
.5

9)
(0

.4
7)

(0
.5

4)
(0

.5
2)

(0
.4

3)
(0

.4
1)

N
on

-F
ar

m
5.

61
∗∗

∗
3.

85
∗∗

∗
1.

76
∗∗

∗
6.

91
∗∗

∗
5.

22
∗∗

∗
1.

70
∗∗

∗
4.

27
∗∗

∗
2.

46
∗∗

∗
1.

81
∗∗

∗

P
ay

ro
lls

(1
.4

6)
(1

.0
5)

(0
.4

6)
(1

.7
8)

(1
.3

4)
(0

.5
0)

(1
.1

6)
(0

.8
1)

(0
.4

7)
N

ew
H

om
e

1.
13

∗∗
0.

59
0.

54
∗

1.
21

∗
0.

96
∗

0.
25

1.
06

∗∗
0.

23
0.

83
∗∗

∗

Sa
le

s
(0

.5
7)

(0
.4

7)
(0

.3
1)

(0
.6

4)
(0

.5
7)

(0
.3

8)
(0

.5
4)

(0
.4

5)
(0

.2
9)

C
or

e
P

P
I

1.
18

∗∗
0.

19
0.

99
∗∗

0.
92

−
0.

21
1.

13
∗

1.
47

∗∗
∗

0.
60

∗
0.

87
∗∗

(0
.5

1)
(0

.4
4)

(0
.4

2)
(0

.6
1)

(0
.6

2)
(0

.6
0)

(0
.4

9)
(0

.3
6)

(0
.4

1)
R

et
ai

l
Sa

le
s

1.
12

1.
31

∗∗
−

0.
19

1.
35

1.
40

∗
−

0.
05

0.
90

1.
22

∗∗
−

0.
32

(0
.9

2)
(0

.6
6)

(0
.3

6)
(1

.0
0)

(0
.8

4)
(0

.3
4)

(0
.8

9)
(0

.5
3)

(0
.4

9)
U

ne
m

pl
oy

m
en

t
−

0.
50

−
0.

06
−

0.
44

−
0.

91
−

0.
54

−
0.

37
−

0.
07

0.
44

−
0.

52
(1

.0
5)

(0
.7

7)
(0

.3
8)

(1
.2

0)
(0

.9
1)

(0
.3

7)
(0

.9
7)

(0
.7

7)
(0

.4
8)

R
2

0.
14

8
0.

11
8

0.
10

5
0.

17
4

0.
14

6
0.

11
6

0.
10

3
0.

07
0

0.
06

7
p
-v

al
ue

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0

N
o
te

s:
T

h
e

ta
b
le

sh
ow

s
re

sp
on

se
s

to
on

e-
st

an
d
ar

d
-d

ev
ia

ti
on

su
rp

ri
se

s
in

m
ac

ro
ec

on
om

ic
d
at

a
re

le
as

es
of

n
om

in
al

ra
te

s,
T

IP
S
-b

as
ed

re
al

ra
te

s,
an

d
B

E
I

ra
te

s,
fo

r
fi
ve

-
an

d
te

n
-y

ea
r

yi
el

d
s

an
d

th
e

fi
ve

-b
y-

fi
ve

-y
ea

r
fo

rw
ar

d
ra

te
.
W

h
it

e
st

an
d
ar

d
er

ro
rs

ar
e

sh
ow

n
in

p
ar

en
th

es
es

.
p
-v

al
u
es

ar
e

fo
r

th
e

hy
p
ot

h
es

is
th

at
al

l
co

effi
ci

en
ts

ar
e

jo
in

tl
y

ze
ro

.
S
am

p
le

:
D

ay
s

w
it

h
T

IP
S

B
E
I

ra
te

s
fr

om
Ja

nu
ar

y
2,

20
03

,
to

Ju
ly

31
,
20

07
.



20 International Journal of Central Banking March 2015

T
ab

le
3.

M
ar

ke
t

R
es

p
on

se
s

to
M

ac
ro

ec
on

om
ic

N
ew

s—
In

fl
at

io
n

S
w

ap
s

T
en

-Y
ea

r
Y

ie
ld

F
iv

e-
Y

ea
r

Y
ie

ld
F
iv

e-
b
y
-F

iv
e-

Y
ea

r
F
o
rw

ar
d

R
at

e

N
o
m

in
al

R
ea

l
IC

N
o
m

in
al

R
ea

l
IC

N
o
m

in
al

R
ea

l
IC

C
ap

ac
it
y

0.
51

0.
02

0.
49

1.
43

1.
28

∗
0.

15
−

0.
39

−
1.

22
0.

83
(0

.8
2)

(0
.6

3)
(0

.8
0)

(0
.9

6)
(0

.7
3)

(1
.0

8)
(0

.8
0)

(0
.8

5)
(0

.8
1)

C
on

fid
en

ce
0.

59
1.

22
∗

−
0.

63
0.

37
1.

99
∗∗

∗
−

1.
62

0.
79

0.
42

0.
37

(0
.7

6)
(0

.6
9)

(0
.8

1)
(0

.6
9)

(0
.7

2)
(1

.0
2)

(0
.8

9)
(1

.1
4)

(1
.0

0)
C

or
e

C
P

I
0.

07
−

1.
80

∗∗
1.

86
∗

0.
04

−
1.

79
∗∗

1.
83

∗∗
0.

08
−

1.
81

1.
89

(0
.8

7)
(0

.8
8)

(0
.9

8)
(0

.8
2)

(0
.8

7)
(0

.8
0)

(1
.0

1)
(1

.1
5)

(1
.3

3)
D

ur
ab

le
G

oo
ds

0.
68

0.
48

0.
19

0.
74

1.
45

∗∗
−

0.
71

0.
62

−
0.

47
1.

10
(0

.5
6)

(0
.4

4)
(0

.3
9)

(0
.6

1)
(0

.6
9)

(0
.7

6)
(0

.5
9)

(0
.8

4)
(0

.6
8)

E
C

I
0.

35
1.

57
−

1.
23

−
0.

07
0.

80
−

0.
87

0.
76

2.
35

−
1.

58
(1

.0
6)

(1
.2

3)
(0

.7
8)

(1
.0

8)
(1

.2
9)

(0
.7

7)
(1

.1
4)

(1
.5

8)
(1

.1
7)

R
ea

l
G

D
P

A
dv

.
−

1.
67

0.
15

−
1.

81
∗∗

−
0.

67
1.

64
−

2.
31

∗
−

2.
65

∗
−

1.
34

−
1.

31
(1

.1
6)

(1
.0

7)
(0

.8
2)

(0
.9

8)
(1

.1
2)

(1
.2

3)
(1

.3
8)

(1
.9

4)
(1

.4
6)

In
it

ia
l
C

la
im

s
−

1.
43

∗∗
∗

−
0.

62
−

0.
81

∗∗
∗

−
1.

51
∗∗

∗
−

1.
03

∗∗
∗

−
0.

47
−

1.
37

∗∗
∗

−
0.

23
−

1.
15

∗∗

(0
.3

4)
(0

.3
9)

(0
.2

8)
(0

.3
2)

(0
.3

7)
(0

.3
8)

(0
.4

0)
(0

.6
7)

(0
.4

8)
N

A
P

M
2.

41
∗∗

∗
1.

70
∗∗

∗
0.

71
∗

2.
13

∗∗
∗

0.
10

2.
03

∗∗
∗

2.
67

∗∗
∗

3.
29

∗∗
∗

−
0.

61
(0

.5
9)

(0
.6

0)
(0

.3
9)

(0
.5

5)
(0

.7
5)

(0
.6

2)
(0

.7
5)

(0
.7

7)
(0

.6
6)

N
on

-F
ar

m
2.

79
∗∗

∗
1.

37
1.

42
∗∗

2.
89

∗∗
1.

11
1.

78
∗

2.
71

∗∗
1.

64
1.

06
∗

P
ay

ro
lls

(1
.0

1)
(1

.2
7)

(0
.5

7)
(1

.2
1)

(1
.8

2)
(0

.9
6)

(1
.0

8)
(1

.0
9)

(0
.5

6)
N

ew
H

om
e

0.
80

∗
0.

76
0.

04
0.

77
0.

96
−

0.
19

0.
84

∗
0.

56
0.

28
Sa

le
s

(0
.4

4)
(0

.4
9)

(0
.3

4)
(0

.4
8)

(0
.5

9)
(0

.5
5)

(0
.4

5)
(0

.6
1)

(0
.4

2)
C

or
e

P
P

I
1.

83
∗∗

∗
0.

74
∗∗

1.
09

∗∗
∗

1.
46

∗∗
∗

0.
12

1.
35

∗∗
∗

2.
20

∗∗
∗

1.
37

∗∗
0.

83
∗

(0
.5

2)
(0

.3
8)

(0
.3

7)
(0

.5
0)

(0
.4

3)
(0

.4
6)

(0
.6

4)
(0

.6
4)

(0
.4

9)
R

et
ai

l
Sa

le
s

2.
28

∗∗
∗

1.
60

∗∗
∗

0.
68

2.
03

∗∗
∗

0.
23

1.
80

∗∗
∗

2.
54

∗∗
∗

2.
98

∗∗
∗

−
0.

44
(0

.6
4)

(0
.6

2)
(0

.4
4)

(0
.5

8)
(0

.7
0)

(0
.7

0)
(0

.7
7)

(1
.0

8)
(0

.7
4)

U
ne

m
pl

oy
m

en
t

−
0.

88
−

0.
96

0.
08

−
0.

98
−

1.
68

∗∗
0.

70
−

0.
79

−
0.

25
−

0.
54

(0
.6

9)
(0

.6
7)

(0
.4

8)
(0

.7
3)

(0
.6

8)
(0

.6
2)

(0
.7

8)
(0

.9
5)

(0
.6

0)

R
2

0.
07

1
0.

03
7

0.
05

9
0.

07
3

0.
03

9
0.

06
1

0.
05

9
0.

03
6

0.
03

1
p
-v

al
ue

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

1

N
o
te

s:
T

h
e

ta
b
le

sh
ow

s
re

sp
on

se
s

to
on

e-
st

an
d
ar

d
-d

ev
ia

ti
on

su
rp

ri
se

s
in

m
ac

ro
ec

on
om

ic
d
at

a
re

le
as

es
of

n
om

in
al

ra
te

s,
sw

ap
s-

b
as

ed
re

al
ra

te
s,

an
d

in
fl
at

io
n

co
m

p
en

sa
ti

on
(I

C
)

b
as

ed
on

in
fl
at

io
n

sw
ap

ra
te

s,
fo

r
fi
ve

-
an

d
te

n
-y

ea
r

yi
el

d
s

an
d

th
e

fi
ve

-b
y-

fi
ve

-y
ea

r
fo

rw
ar

d
ra

te
.
W

h
it

e
st

an
d
ar

d
er

ro
rs

ar
e

sh
ow

n
in

p
ar

en
th

es
es

.
p
-v

al
u
es

ar
e

fo
r

th
e

hy
p
ot

h
es

is
th

at
al

l
co

effi
ci

en
ts

ar
e

jo
in

tl
y

ze
ro

.
S
am

p
le

:
D

ay
s

w
it

h
in

fl
at

io
n

sw
ap

ra
te

s
fr

om
Ja

nu
ar

y
2,

20
05

,
to

D
ec

em
b
er

31
,
20

13
.



Vol. 11 No. 2 Inflation Expectations and the News 21

contribution of real rates and inflation compensation to the sensi-
tivity of nominal rates, however, the same results hold. The sensi-
tivity of IS rates is about as high as or, in the case of yields, higher
than for real rates, as indicated by R2. For price-level news, IS rates
account for most of the nominal rate response. For the real-side
news, both real rates and inflation compensation show significant
responses. Inflation compensation is sensitive to employment news,
which contributes importantly to the sensitivity of nominal rates.

Table 4 reports results for a decomposition of nominal rates based
on filtered inflation compensation, using the same sample period
as for inflation swaps.7 The sensitivity of filtered inflation compen-
sation to macro news is similar to the sensitivity of real rates, as
measured by R2. Responses to price-level news are significant for
the five- and ten-year inflation compensation. Forward inflation com-
pensation responds particularly strongly to employment news, where
forward real rates do not show a significant response.

The evidence across all three measures of inflation compensation
is consistent in that it suggests a high sensitivity of inflation compen-
sation to macroeconomic news, comparable to the response of real
rates. Inflation compensation is sensitive to both price-level news
and real-side news, and, like nominal rate and real rates, typically
responds in a procyclical manner. The sensitivity is evident for both
long-term yields and far-ahead forward rates. This is an important
component for explaining the strong responses of nominal interest
rates to macroeconomic news.

2.4 The Evidence of Beechey and Wright (2009)

While these results are in line with the evidence in Gürkaynak,
Levin, and Swanson (2010), they contrast with the conclusions of
BW. Based on their analysis of daily and intradaily response of
nominal, TIPS, and BEI rates to macro news, they conclude that
the response of nominal rates to real-side economic data surprises
is concentrated almost exclusively in real rates, and that inflation
compensation does not contribute noticeably to the sensitivity of
nominal rates. Here I investigate the reasons for the differences in

7The sample only includes days with observations on both inflation swap rates
and TIPS break-even inflation rates, and so is not identical to the sample used
for table 2.
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results. There are three main factors that can possibly explain the
differences in results: (i) the different sample periods, (ii) the use
of smoothed vs. unsmoothed yields, and (iii) the length of the sam-
pling windows around the announcements (daily vs. intradaily). I
will discuss each of these in turn.

The first difference that drives a wedge between the TIPS results
in my table 2 and the results in BW is the sample period. BW include
part of the financial crisis period in their data, which lowers the
response of break-even inflation to macro news. I have carried out
my analysis for the exact same sample period as in BW and generally
find smaller sensitivities of inflation compensation, due to the inclu-
sion of the financial crisis period. TIPS spreads have behaved abnor-
mally during the crisis, due to significant flight-to-safety pressures
on prices of non-indexed Treasury securities prices. The liquidity
premium in the TIPS market increased markedly during the cri-
sis period (Lehnert, Andonov, and Bardong 2009; Christensen and
Gillan 2011). I argue that using a sample period that ends before
the onset of the crisis, as I do here, gives a cleaner picture of the
response of inflation compensation to macroeconomic data surprises.

The second difference is that BW use unsmoothed yields, that is,
yields based on quoted prices of nominal and indexed Treasury secu-
rities, whereas I use the smoothed nominal and real term structures
from Gürkaynak, Sack, and Wright (2007, 2010). The differences in
results for smoothed vs. unsmoothed yields are small, as shown by
BW in their online appendix, but the sensitivity of inflation compen-
sation to real-side news is slightly larger when using the smoothed
data sample. One might argue that smoothing through the idiosyn-
cracies of movements in individual securities promises to give more
reliable estimates of shifts in the nominal and real yield curves.

The third and main difference is that I focus on regressions
using daily changes, whereas BW also use intradaily changes over
thirty-minute windows around announcements. While in their intra-
day results inflation compensation is largely insensitive to real-side
news, the responses are slightly larger and in some cases significant
in their daily results. It is worthwhile investigating more carefully
the difference between daily and intradaily sensitivities.8

8I thank Meredith Beechey and Jonathan Wright for providing me with their
intraday TIPS data.
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Table 5 shows estimated sensitivities payroll surprises for nomi-
nal rates, real (TIPS) rates, and BEI rates, for the same maturities as
before. The sample corresponds to the one used in BW, the only dif-
ference being that it only includes days with an employment report.
The table shows the sensitivities when using a thirty-minute interval
around the announcement, as in BW, and the results are comparable
to the ones in BW’s table 3.9 The table also shows sensitivities for
longer intraday windows, spanning four hours, and for daily windows
(as in BW’s table 4). For far-ahead forward rates, which BW focus
on, the sensitivity of inflation compensation is insignificant when
using a short intradaily window, and becomes larger and significant
when using longer sampling windows.

This difference warrants closer investigation of the adjustment
over the course of the day. Figure 4 shows the response of the nom-
inal forward rate (top row), the real forward rate (middle row),
and the forward inflation compensation (bottom row) for different
intradaily windows. The left panel shows the response coefficients
and 95 percent confidence intervals for windows that start fifteen
minutes before the release and end fifteen minutes to four hours after
the release, that is, cumulative responses (similar to BW’s figures 2
and 3). The right panel shows estimates of the responses (with 95
percent confidence intervals) for non-overlapping windows: the first
error bar is for the thirty-minute window around the release; the fol-
lowing ones are for the subsequent fifteen-minute windows. While at
first sight the top-left and middle-left panels seem to indicate that all
new information is incorporated immediately into nominal and real
rates and no further adjustments occur after the first thirty minutes
(the conclusion of BW), this is not the whole story. The top panels in
fact show that the nominal forward rate exhibits a small but signif-
icant response in the two following fifteen-minute intervals. This is
not the case for the real forward rate (middle panels), and thus this
delayed response occurs in the forward inflation compensation, as is
evident in the bottom panels: The forward inflation compensation
does not respond at all during the thirty-minute window around the
announcement, but over the subsequent periods adjusts upward.

9The magnitude of the coefficients also differs from the ones in BW because
the standard deviations that they use to standardize differ from mine, for an
unknown reason. This, however, does not affect the relative contribution of real
and break-even rates in explaining the nominal rate response.
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Figure 4. Intraday Responses of Nominal Rates,
Real Rates, and IC to Payroll Surprises

Notes: The left panel shows cumulative responses to a one-standard-deviation
surprise in non-farm payrolls from 15 minutes before the release until 15 to 240
minutes after the release. The right panel shows responses during non-overlapping
windows, the first one spanning 30 minutes around the release and the following
each spanning subsequent 15-minute windows. Top row: nominal yield. Middle
row: TIPS/real yield. Bottom row: break-even inflation (BEI) rate. Also shown
are 95 percent confidence intervals based on White standard errors.
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One can only speculate as to the reasons for the delay of this
response. It seems that a delayed adjustment should be arbitraged
away, since such a predictable pattern would in principle generate
a profitable trading opportunity: after observing a positive payroll
surprise, a trader could enter into a long five-to-ten-year inflation
compensation position, which would on average generate a positive
payoff. However, this is not necessarily an arbitrage opportunity for
at least two reasons: First, the expected payoff might be too small
to warrant the riskiness of such a trade. Second, the expected move-
ment of about 1 basis point could be practically irrelevant given the
prevailing bid-ask spreads in Treasury and TIPS markets—Fleming
and Remolona (1999) show that after announcements, the spreads in
the Treasury market significantly widen. There is evidence that even
in highly liquid markets, delayed adjustment of prices to macroeco-
nomic announcements is not always arbitraged away. For example,
Taylor (2010) shows that federal funds futures adjust even until two
hours after the announcement.

So should we be using tight intradaily windows or daily changes
to assess the impact of macro surprises? If the effect of macro news
on asset prices is processed quickly, say within minutes, and no more
processing takes place over the rest of the day, then “sizeable effi-
ciency gains can be obtained from running these regressions with
intradaily data, rather than data at the daily frequency” (Beechey
and Wright 2009, p. 536). In this case the daily change is equal
to the intradaily change plus noise that is unrelated to the surprise,
and tight windows around the announcements are clearly preferable.
However, for certain asset prices, the information processing may
take longer than several minutes. Estimates based on a tight win-
dow may then miss part or all of the announcement effect, whereas
estimates using longer windows recover it correctly. In general, it
seems desirable to carry out event studies of announcement effects
using different window lengths. This ensures that one will pick up
the sensitivities to surprises, even if there is a delayed adjustment,
as in the case of the response of forward BEI rates to payroll news.

3. Survey-Based Measures of Inflation Expectations

The previous section has shown that at high frequencies, inflation
compensation is an important factor driving the volatility of nominal
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interest rates. The main concern is that this result may be partly
driven by movements in the inflation risk premium. This concern
can be alleviated by arguing that inflation risk premia likely move
primarily at lower frequency, as discussed above. Another important
point, made by Gürkaynak, Levin, and Swanson (2010), is that it
would be difficult to attribute the procyclical response of inflation
compensation to movements in risk premia, because there is ample
evidence that risk premia move in a countercyclical fashion. While
these arguments suggest that inflation expectations are the driving
force between the evidence documented in the previous section, it
is desirable to use more direct measures of inflation expectations.
To this end, the analysis in this section uses inflation expecta-
tions from surveys of professional forecasters. Such survey forecasts
have been found by several studies to predict future inflation quite
well, and in particular better than model-based or market-based
inflation forecasts (Ang, Bekaert, and Wei 2007; Faust and Wright
2013).

3.1 Survey Data

For the analysis of survey expectations of future inflation, I use data
from the Blue Chip Economic Indicators survey, as well as from the
Survey of Professional Forecasters (SPF). Throughout the analysis
in this section, the focus will be on revisions to inflation expecta-
tions, that is, changes in expectations between two successive survey
observations.

3.1.1 Blue Chip Economic Indicators

Blue Chip Economic Indicators has conducted monthly surveys of
business economists since 1976, which ask about respondents’ price-
level expectations for each future quarter up until the end of the
year following the survey. The survey includes questions about both
the consumer price index (CPI) and the GDP price index (PGDP).
I focus on one-year forecasts, the longest available horizon that is
available in every survey. The survey responses are collected around
the turn of each month, and the results are released in the second
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week of each month. To line up the survey data with yields and
macroeconomic news, I associate the last day of the preceding month
with each survey, which closely corresponds to the actual timing of
the forecasters’ information set.

In March and October of each year, Blue Chip also surveys
respondents about their long-term inflation forecasts for the next
ten years.10 I include in the analysis the long-term forecasts of CPI
and PGDP over the next five years and over the next ten years.

3.1.2 Survey of Professional Forecasters

The Survey of Professional Forecasters (SPF) has been conducted
on a quarterly basis since 1968. Since 1990 it has been managed
by the Federal Reserve Bank of Philadelphia. Like the Blue Chip
survey, it also targets business and market economists. The survey
asks about both short-term and long-term inflation forecasts. One-
year-ahead forecasts are available for CPI and PGDP inflation, and
ten-year forecasts are available for CPI inflation. The survey results
are released early in the middle month of each quarter, and I time
the SPF survey data using the last day of the first month of each
quarter, a reasonably good approximation for the information set of
the respondents.

3.2 Correlation of Survey Expectations with Nominal Interest
Rates

As in the case of inflation compensation, I first investigate uncon-
ditional correlations with nominal interest rates. Table 6 displays
the correlations of changes in nominal Treasury yields with the dif-
ferent survey-based measures of inflation expectations. The yield
maturity is matched to the horizon of the inflation forecasts. For
example, the five-year yield is used to calculate the correlation with
the long-term Blue Chip forecasts of inflation over the next five
years. The frequency of the changes is monthly for short-term Blue
Chip forecasts, semi-annual11 for long-term Blue Chip forecasts, and

10These long-term forecasts are available back to 1979.
11The long-term Blue Chip forecasts are released in March and October, so the

changes are over intervals of five and seven months.
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Table 6. Correlations of Survey-Based Inflation
Expectations with Nominal Rates

Long Sample Short Sample

Survey Mat. CPI PGDP CPI PGDP BEI IS

Blue Chip:
Short-Term 1y 0.13 0.28 −0.04 0.27 0.34 0.31

[0.03] [0.00] [0.67] [0.00] [0.00] [0.00]
Long-Term 5y 0.28 0.23 0.21 0.25 0.30 0.40

[0.06] [0.12] [0.41] [0.31] [0.23] [0.10]
Long-Term 10y 0.27 0.10 0.21 0.20 0.42 0.39

[0.07] [0.48] [0.41] [0.42] [0.08] [0.11]
SPF:

Short-Term 1y 0.36 0.33 0.26 0.30 0.20 0.30
[0.00] [0.00] [0.11] [0.07] [0.23] [0.07]

Long-Term 10y 0.16 — 0.17 — 0.13 0.20
[0.14] — [0.33] — [0.44] [0.22]

Notes: The table shows correlations between changes in nominal Treasury yields
and survey-based inflation expectations. Changes are monthly for short-term Blue
Chip expectations, semi-annual for long-term Blue Chip expectations, and quarterly
for SPF expectations. Also shown are correlations with changes in inflation com-
pensation, measured by TIPS break-even inflation (BEI) and inflation swap (IS)
rates, over the same intervals. Numbers in squared brackets are p-values based on
Student-t approximations. The long sample starts with the first observation in 1990
for Blue Chip and short-term SPF data, and in October 1991 for long-term SPF
data. The short sample starts July 2004, when both swap and short-term break-even
data becomes available. All samples end with the last survey in 2013.

quarterly for SPF forecasts. In addition to the estimated corre-
lation coefficients, the table shows p-values based on a Student-t
approximation.12

In the first two columns, table 6 shows correlations between sur-
vey expectations and nominal rates over a long sample starting with
the first survey in 1990 and ending with the last survey in 2013.13

12Significance of the estimated correlation coefficient ρ can be tested using
t = ρ/

√
(1 − ρ2)/(n − 2), where n is the number of observations, which approxi-

mately has a Student-t distribution with n − 2 degrees of freedom.
13The long-term SPF forecasts first become available in 1991.
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The correlations are moderately high, typically around 0.30, even
for some of the long-term forecasts. The correlation coefficients are
strongly significant for the one-year forecast horizon. For the long-
term forecasts, only the correlations for Blue Chip CPI forecasts are
(marginally) significant.

To put these numbers into perspective, the table also reports
correlations of yields with survey expectations for a shorter sample,
starting in July 2004, where data on inflation compensation is avail-
able. Over this shorter sample, these correlations can be compared
with the correlations of nominal yields with inflation compensation,
measured by BEI and IS rates. This comparison shows that the asso-
ciation of nominal rates with survey-based inflation expectations is,
in most cases, similarly strong as the association with inflation com-
pensation. This is certainly true for the one-year horizon; however,
for long-term forecasts the correlation coefficients are estimated to
be insignificant over these short samples.

Overall this evidence suggests that even at these lower frequen-
cies, a fair share of the variation in nominal yields, both at short and
long maturities, is related to movements in inflation expectations.
It therefore appears that the co-movement of inflation compensa-
tion and nominal rates is not driven by changes in inflation risk
or liquidity premia, but that movements in inflation expectations
play an important role. The evidence is stronger at short forecast
horizons.

3.3 Sensitivity of Survey Expectations to Macroeconomic
News

A key question of this paper is whether macroeconomic data sur-
prises systematically affect inflation expectations. Here, I address
it using survey expectations of future inflation. Since surveys are
conducted at monthly or lower frequencies, we cannot estimate
the response of expectations over tight windows around the news
announcements. In addition, economic agents receive a host of new
information over the course of the period between surveys, many of
which may affect inflation expectations. This makes the sensitivity
estimates in the macro news regression imprecise, and works against
finding any significant relationships. However, the results below show
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that, in fact, inflation expectations do show significant responses to
macro news.14

In the following regressions, the dependent variable is the change
in expectations over the month or quarter. The independent vari-
ables are the surprise component in each macroeconomic data
release, first standardized to have unit variance, and then cumu-
lated over the month or quarter. That is, the data surprises are
constructed exactly as before, except for the fact that they are added
up over longer intervals.

Table 7 shows the estimated sensitivities of Blue Chip inflation
expectations to macro news, together with White standard errors.
Also shown are the sensitivities of the one-year nominal yield, using
monthly changes as well. These results are based on 288 monthly
observations, starting in January 1990 and ending in December 2013.

Blue Chip expectations for PGDP inflation exhibit significant
responses to macro news. The response coefficients are strongly
jointly significant, with a p-value below 0.1 percent. For six out
of the thirteen releases, the response coefficients are significantly
different from zero, and they almost all show the expected procycli-
cal responses. The regression R2 of 12.4 percent is sizable, in light
of the wide (monthly) observation intervals. Expectations of CPI
inflation are much less sensitive to macro news, and in this case
we cannot reject the null hypothesis that all coefficients are jointly
zero. A comparison of the results for PGDP inflation expectations
with those for nominal yield reveals that, overall, the survey expec-
tations show an almost similarly large response. The R2 for survey
expectations is only slightly smaller than that for the nominal yield.
For non-farm payrolls, both yield and survey expectations show a
significant response, and the latter accounts for a fraction of about
0.3 of the former. For capacity utilization, the expectations response
accounts for about one-half of the yield response.

Table 8 reports the results for the SPF data. It shows responses
for one-year inflation expectations for CPI and PGDP, and expec-
tations for ten-year CPI inflation, together with responses of the
one-year and ten-year nominal yield. All coefficients measure the
response of quarterly changes to the macro news cumulated over

14Since the long-term Blue Chip forecasts are only released twice a year, I do
not include these data in this analysis.
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Table 7. Sensitivity of Blue Chip Inflation Expectations
to Macroeconomic News

Yield BC-CPI BC-PGDP

Capacity 2.39∗∗ 0.16 1.23∗∗∗

(1.21) (0.46) (0.47)
Confidence 4.42∗∗∗ 0.46 0.57

(1.52) (0.54) (0.56)
Core CPI −0.34 1.00∗ 0.89∗

(1.23) (0.52) (0.51)
Durable Goods 0.51 0.24 0.83∗

(1.40) (0.53) (0.48)
ECI 1.70 0.02 1.07∗

(2.79) (0.89) (0.64)
Real GDP Adv. −2.12 −0.37 −1.56∗∗

(2.04) (0.84) (0.77)
Initial Claims −1.46 −0.26 −0.32

(0.91) (0.28) (0.27)
NAPM 1.88 0.66 −0.09

(1.48) (0.49) (0.48)
Non-Farm Payrolls 5.52∗∗∗ 0.40 1.54∗∗∗

(1.27) (0.43) (0.39)
New Home Sales 0.59 0.69∗ 0.47

(1.22) (0.40) (0.52)
Core PPI −0.68 0.49 0.28

(1.10) (0.44) (0.43)
Retail Sales 3.98∗∗∗ −0.40 −0.08

(1.47) (0.59) (0.54)
Unemployment −3.36∗∗ 0.71 0.64

(1.46) (0.60) (0.53)

R2 0.194 0.049 0.124
p-value 0.000 0.359 0.000

Notes: The table shows response coefficients and White standard errors (in paren-
theses) for changes in the one-year nominal yield and one-year inflation expectations
in CPI and PGDP from the Blue Chip Economic Indicators survey. Significance at
the 10 percent, 5 percent, and 1 percent levels are denoted by *, **, and ***, respec-
tively. p-values are for the hypothesis that all coefficients are jointly zero. Sample:
Monthly observations from January 1990 to December 2013.
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Table 8. Sensitivity of SPF Inflation Expectations to
Macroeconomic News

One-Year One-Year One-Year Ten-Year Ten-Year
Yield CPI PGDP Yield CPI

Capacity 5.51∗∗ 3.10∗ 3.02∗∗ 0.21 −1.87∗∗∗

(2.37) (1.85) (1.32) (2.65) (0.66)
Confidence 10.51∗∗∗ 3.32∗∗∗ 1.62 6.60∗∗ −0.29

(3.30) (1.26) (1.32) (2.86) (0.64)
Core CPI −1.77 1.61∗∗ 0.54 1.53 2.02∗∗∗

(2.33) (0.69) (0.87) (2.15) (0.74)
Durable Goods −2.93 0.15 0.38 −3.43 −1.26

(2.86) (1.26) (1.31) (3.41) (0.89)
ECI 1.78 1.64 4.45∗∗ −1.98 0.09

(5.24) (1.62) (1.84) (4.89) (0.97)
Real GDP Adv. −5.55 −3.38∗ −1.06 0.20 0.33

(3.72) (1.77) (1.71) (4.36) (0.88)
Initial Claims −1.51 −0.10 0.42 1.04 0.47

(1.82) (0.56) (0.58) (1.76) (0.32)
NAPM 2.49 1.67 2.10 4.11∗ 1.66∗∗∗

(2.44) (1.65) (1.34) (2.12) (0.56)
Non-Farm 9.86∗∗∗ −1.27 0.41 9.68∗∗∗ 0.25

Payrolls (2.66) (1.47) (1.68) (2.62) (0.68)
New Home 1.84 1.21 1.61 2.01 −0.60

Sales (3.05) (0.99) (1.23) (2.11) (0.40)
Core PPI 0.28 2.23∗∗ 1.26 −0.70 −1.14∗

(2.25) (1.06) (1.13) (2.75) (0.58)
Retail Sales 5.14∗∗ 0.93 −0.09 8.87∗∗∗ 0.83

(2.60) (1.42) (1.85) (2.70) (0.76)
Unemployment −0.53 −0.86 −0.77 4.26∗∗ −0.65

(2.04) (1.16) (1.15) (2.15) (0.69)

R2 0.379 0.235 0.241 0.324 0.281
p-value 0.000 0.035 0.029 0.001 0.015

Notes: The table shows response coefficients and White standard errors (in paren-
theses) for changes in nominal yields and in SPF forecasts of future CPI and PGDP
inflation. Significance at the 10 percent, 5 percent, and 1 percent levels are denoted
by *, **, and ***, respectively. p-values are for the hypothesis that all coefficients
are jointly zero. Sample: Quarterly observations from 1990:Q1 to 2013:Q4.
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the course of the quarter. The sample period is from 1990:Q1 to
2013:Q4.

Quarterly changes in SPF inflation expectations show a close
relationship with macroeconomic data surprises. This holds for both
short-term and long-term expectations. For all three expectations
measures, the coefficients are jointly significant at the 5 percent level.
Several coefficients are strongly significant, and most of these have
the expected sign, indicating a procyclical response. While non-farm
payroll news does not lead to a significant response of SPF inflation
expectations, other real-side news does.15 The regression R2 is on
the order of 24–28 percent, which comes quite close to the R2 for
the nominal yields.

To find a significant relationship between macroeconomic news
and changes in inflation expectations over monthly intervals is sur-
prising, given the host of other news that economic agents and fore-
casters receive which we cannot control for. It is therefore impor-
tant to investigate the robustness of these results. I have estimated
these regressions over different sub-samples, using different tim-
ing assumptions, and including different sets of data releases. The
results are robust and remain unchanged from my baseline specifi-
cation.16 As an example that the results are not driven by a few
high-leverage outliers, figure 5 shows a scatter plot of non-farm pay-
roll news against changes in Blue Chip PGDP expectations. In a
univariate regression, payroll news is highly significant, as in the
multivariate regression, and this significant relationship is evident
in the figure. Leaving out the one or two most influential obser-
vations does not change this result. I have also studied bivariate
relationships in various other cases, and checked the sensitivity to
outliers. The sensitivity of survey expectations to macro news is a
robust finding.

The overall picture that emerges here is that several survey-
based measures of inflation expectations show significant responses

15Additional analysis shows that payroll news leads to significant and sizable
(about 4 basis points) revisions of one-year SPF inflation expectations with a
one-period delay.

16The baseline specification uses the same data releases as in section 2 (which
are the ones used in BW), employs the full sample of available data, and uses
straightforward and plausible timing assumptions, based on the information set
of survey respondents when data are collected.
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Figure 5. Response of Inflation Expectations
to Payroll News
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Notes: Monthly changes in Blue Chip PGDP expectations, in basis points,
against surprises in non-farm payroll employment. Sample: January 1990 to
December 2013. Solid line represents univariate regression equation. R2 = 4.1
percent.

to macroeconomic news. This is true for both price-level and real-side
news. The magnitude of the responses to the major price and
real-side news differs depending on the survey measure and hori-
zon, but is generally comparable in magnitude to the estimates
based on inflation compensation. This suggests that the sensitivity
of inflation expectations likely plays an important role in explaining
the sensitivity of inflation compensation to macroeconomic news.
The evidence is stronger for short-term inflation expectations, but
also present for long-term expectations for inflation over a ten-year
horizon. Taken together, this evidence supports the view that infla-
tion expectations have been quite variable in the United States and
played an important role in explaining movements in nominal inter-
est rates.
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4. Conclusion

This paper addresses the question of how important movements in
inflation expectations are for explaining variation in nominal inter-
est rates. An analysis of market-based inflation measures documents
that estimates of inflation compensation are closely related to move-
ments in nominal rates, and that they are quite sensitive to macro-
economic data surprises. News about the price level as well as news
about the real side of the economy, such as surprises in non-farm
payroll employment, causes significant responses of inflation com-
pensation. To address the concern that this result might be driven
by movements in risk premia or liquidity factors, I also investi-
gate the behavior of survey-based inflation expectations. These are
found to display significant responses to macroeconomic news as
well.

Taken together, this evidence suggests that inflation expecta-
tions change in response to incoming news, and that these responses
are an important source of variation for movements in long-term
nominal interest rates. A possible explanation for the volatility and
sensitivity of inflation expectations, in line with Gürkaynak, Levin,
and Swanson (2010) and Beechey, Johanssen, and Levin (2011), is
that inflation expectations might not have been very well anchored
in the United States. For most of the sample period considered
here, U.S. monetary policy did not have an explicit inflation tar-
get. Presumably, the introduction of such a target by the Federal
Reserve in 2012 would reduce the variability of inflation expecta-
tions and hence of long-term nominal interest rates. This additional
stability in financial markets would have potentially important eco-
nomic benefits: More stable long-term interest rates would reduce
the uncertainty that investors and, more generally, economic agents
face, and in this way would have important positive welfare implica-
tions. The Federal Reserve explicitly announced an inflation target
in January 2012. Whether this has started to reduce the variabil-
ity of inflation expectations and consequently of nominal rates is
an important question. The decreasing correlations I have reported
tentatively suggest that variation in inflation expectations is start-
ing to become less important. However, we do not yet have sufficient
data on this new regime to obtain conclusive evidence to answer this
question.
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Explaining Interest Rate Decisions when the
MPC Members Believe in Different Stories∗
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Most central banks explain interest rate decisions, i.e., they
provide a story. With committee decisions, it can be difficult
to find a story that is both consistent with the decision and
representative for the committee. We consider two alternative
procedures: (i) vote on the interest rate and let the winner
decide the story, or (ii) vote on the elements of the story and let
the interest rate follow from the story. The two procedures tend
to result in different outcomes due to an aggregation inconsis-
tency called the discursive dilemma. We find that (ii) tends to
yield better stories.

JEL Codes: E52, E58, D71.

1. Introduction

Modern central banks are transparent. One feature of this trans-
parency is that central banks not only announce the interest rate
decision, but they also explain why they reached this decision. Thus,
modern central banks communicate actual monetary policy deci-
sions and the “story” explaining the decisions. However, finding a
story that both represents the view of a majority of the monetary
policy committee (MPC) and explains the decision is not straight-
forward. Kohn (2001), who assessed the transparency of the policy-
making process at the Bank of England MPC, puts it this way: “To
achieve at least rough alignment between policy and the forecast,
whatever is published should reflect the ‘center of gravity’ of the
Committee that made itself felt in the most recent policy decision.

∗Author contact: Claussen: Sveriges Riksbank, 103 37 Stockholm, Sweden
(carl-andreas.claussen@riksbank.se). Roisland: Norges Bank, Box 1179, Sentrum,
0107 Oslo, Norway (oistein.roisland@norges-bank.no).

41



42 International Journal of Central Banking March 2015

Table 1. The Discursive Dilemma: An Example

Story Interest Rate

rr∗
t y t r t

Members 1–3 2.0 1.0 4.5
Members 4–6 2.5 0.0 4.5
Members 7–9 2.0 0.0 4.0
Majority 2.0 0.0 4.5

However, determining and presenting a view that would explain
actions and shape expectations constructively is difficult in the con-
text of a Committee, especially one with emphasis on individual
accountability.”

This paper explores how the “discursive dilemma” can influence
the clarity and quality of communication when monetary policy deci-
sions are explained to the public. The discursive dilemma can arise
in monetary policy if several policymakers jointly decide on the level
of the policy rate based on their views of underlying macroeco-
nomic variables, economic relationships, and preferences, i.e., the
“premises” for the decision. If the median view of the policy rate
deviates from the policy rate that is implied by the median view of
the premises, there is a discursive dilemma. The following example
gives an illustration of the dilemma and how it influences the clarity
with which monetary policy decisions can be explained to the public.

Suppose that the MPC members’ reaction functions are repre-
sented by the Taylor rule

rt = rr∗
t + π∗ + 1.5(πt − π∗) + 0.5yt, (1)

where rt is the nominal interest rate (the decision variable), rr∗
t is the

neutral real interest rate, π∗ is the desired rate of inflation (inflation
target), πt is actual inflation, and yt is the output gap. The neutral
real interest rate rr∗

t and the output gap yt are uncertain, particu-
larly in real time. Suppose that πt can be perfectly observed, and
assume for simplicity that inflation is on target, i.e., πt = π∗ = 2.
Suppose that the MPC members’ individual estimates of r∗

t and yt

are as in table 1.
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Then voting directly on the interest rate (a conclusion-based
procedure, or CBP) gives rt = 4.5. However, the majority view of
the premise variables together with the Taylor rule (a premise-based
procedure, or PBP) gives rt = 4.0, and there is a discursive dilemma.

Suppose now that the MPC uses CBP to decide on the interest
rate. What should then be the story explaining this decision? The
majority story cannot be used, as there is a discursive dilemma.
Nor can the average story be used, as that story is also inconsistent
with rt = 4.5. The strategy that seems closest at hand is therefore
to take the story of the winner of the vote on the interest rate. If
amended with a rule that says which story to choose if there are
several stories consistent with the median interest rate, this strat-
egy will always provide one story that is consistent with the decision.
It is, however, arguable whether this story represents the “center of
gravity” of the committee. Furthermore, the estimates (judgments)
in that story can be inefficient and biased. There is no aggregation
of information behind the story, and hence no reason to expect that
it will be a good one.1 For instance, the winner of the vote on the
interest rate may have an extreme view on inflation, but the effect of
this view on his preferred interest rate may be offset by an equally
extreme view on unemployment, putting his view on the interest
rate close to the average view. The communication of such extreme
views is bound to be cumbersome.

We therefore argue that from a communication point of view,
PBP is better. First, explaining the level of the interest rate chosen is
always easy because it can be inferred directly from the committee’s
median view on the underlying variables, and the story will always
represent the center of gravity in the committee. Second, PBP results
in more precise stories, because the central bank’s views on the
underlying variables are then median (noisy) observations of the true
values of the macro variables. These views are close to the true values
of the variables, as there is aggregation of information behind them.

The analysis in the paper proceeds in three steps. In section 2
we define some useful terminology and present a general proposition
on the existence of the discursive dilemma. In section 3 we discuss

1When discussing information aggregation in committees, it is useful to dis-
tinguish between “pooling by talking” and “pooling by voting” (Claussen et al.
2012). In this paper we consider pooling by voting.
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different alternatives for finding a story under CBP. In section 4 we
analyze the quality of the stories under CBP and PBP. Using simu-
lations, we show that PBP clearly yields a better story. In section 5
we discuss some of the assumptions behind our analysis.

1.1 Literature

In an earlier paper (Claussen and Røisland 2014), we study the qual-
ity of the policy decision under PBP and CBP. In this paper we ask
how well the decisions can be explained to the public and study the
quality of the story explaining the decision under the two decision-
making procedures. The paper is related to the literature on central
bank communication (see, e.g., Blinder et al. 2008) and the recent
literature on the discursive dilemma.

There is by now a growing literature on the discursive dilemma.
An important finding is that the dilemma is not just an artifact
of majority decisions and special examples, but represents a gen-
eral challenge for groups making decisions on the basis of judgments
on a set of issues. See, e.g., List and Puppe (2009) and List and
Polak (2010) for overviews of the literature on binary judgment
aggregation, and Claussen and Røisland (2010) for some general
characterization results for non-binary aggregation.

There are only a few papers on the merits of PBP versus CBP.
Pettit (2001) and Chapman (2003) apply a procedural perspective
and argue that decisions should be made for the right reasons, which,
in their view, favors PBP. The second perspective, suggested by
Bovens and Rabinowicz (2004), is epistemic: The best procedure is
the one that is most likely to give the correct decision, irrespective
of the underlying reasons. From this perspective, it does not mat-
ter whether a decision is reached through incorrect judgments of
the premises, as long as the decision itself is correct. In our pre-
vious paper, Claussen and Røisland (2014), we apply an epistemic
perspective and analyze which of the two alternative decision pro-
cedures result in better monetary policy decisions in terms of the
smallest mean squared error for the interest rate. In the current
paper we take the procedural perspective and look at which pro-
cedure gives the best aggregate judgment on the reasons for the
decision. These two papers are the only studies in the literature
that investigate the merits of the two procedures when judgments
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are non-binary. List (2005) looks at dichotomous (yes/no) judgments
from both the procedural and the epistemic approach. His simula-
tion results, where the group aggregates by majority voting, show
that PBP tends to be better than CBP from both a procedural
and epistemic perspective. Our simulation results give the same
results for non-binary judgments. We even find that in situations
when PBP and CBP are equal in terms of interest rate decisions
(epistemic perspective), PBP produces better stories (procedural
perspective).

2. Analytical Framework

We consider an MPC that consists of n members, where n is an odd
number.

A reaction function,

r = R(x1, x2, . . . , xm), (2)

is a function that gives the interest rate as a function of a set of
input variables x1, x2, . . . , xm. Reaction functions can be the result
of optimizing an objective (loss) function, or they can represent sim-
ple policy rules. The input variables in the reaction function could
be measures of underlying inflation, the output gap, financial condi-
tions, etc. MPC members may have different estimates or judgments
of the input variables x1, x2, . . . , xm.

We assume that individual MPC members’ reaction functions
share the common general functional form R(·) but allow for
individual-specific values of the parameters in the function. MPC
members may have different parameter values, as they have differ-
ent policy preferences, different estimates, and different judgments
on economic mechanisms.

Following Claussen and Røisland (2014), we call parameters and
variables in R to which members may have different judgments or
estimates premise variables. The relation between r and the premise
variables is given by a dependence function,

rj = D(p1,j,p2,j , . . . , pk,j) j = 1, . . . , n, (3)

where rj is MPC member j’s judgment of the appropriate interest
rate, pi,j is member j’s judgment or estimate of premise variable i,
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and k is the number of premise variables. Variables and parameters
that are relevant for r, but which the members of the MPC always
agree on, may be represented by the functional form of D. Suppose,
for instance, that r = αx is a reaction function, x is the rate of
underlying inflation, and α is a parameter for how much a change
in x should affect r. Then, the dependence function is the reaction
function if MPC members always agree on the value of α. Other-
wise, the dependence function has two arguments: x and α. Note
that in the latter case the dependence function will be non-linear
even though the reaction function is linear. Note also that the MPC
members agree by construction on D(·). The dependence function
is just an analytical device, and the assumption that all members
agree on the dependence function should be uncontroversial as long
as one assumes that all members’ reaction functions share the same
functional form. We discuss the assumption of a common functional
form for the reaction function in section 5.

A story S is a vector of estimates or judgments on the (sequence
of) premise variables p1, p2, . . . , pk. We say that a story S explains
an interest rate r if

r = D(S). (4)

We assume that members of the MPC are rational such that indi-
vidual stories explain individual interest rate judgments, i.e.,

rj = D(Sj), (5)

for all j ∈ {1, 2, . . . , n} and where Sj is the story of MPC member j.
We assume that the MPC uses majority voting, since this is most

frequently used by MPCs in practice.2 Furthermore, we assume that
members’ preferences over each variable are single-peaked around
each member’s best estimate or best judgment of the variable.3 By
the median voter theorem, the outcome of a pairwise majority vote

2Majority voting has the advantage that it is robust to strategic behavior
(Black 1948). This property, together with its simplicity, probably explains its
popularity.

3By “preferences” over variable j (or the policy variable) we mean a complete,
transitive, and weak order on Pj where Pj ⊆ R is the set of alternative values for
premise variable j (or on a set Y ⊆ R of alternatives for r). The term “prefer-
ence” should not be taken literally. All we assume is that each member can, for
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over the alternative values for a variable is then the median of the
individual estimates or judgments for the variable. These medians
are denoted pm

j and rm, i.e.,

pm
i = median(pi,1, . . . , pi,n), i = 1, . . . , k

and

rm = median(r1, . . . , rn).

We call the story that follows from a vote over each of the premise
variables the median story and denote it Sm, i.e.,

Sm = (pm
1 , . . . , pm

k ) .

There is a discursive dilemma if the median story does not
explain the median interest rate, i.e., if

rm �= D(Sm).

Situations where the discursive dilemma may occur are then char-
acterized by the following proposition.

Proposition 1. The MPC may face a discursive dilemma if and
only if (i) there is more than one premise variable, or (ii) the depen-
dence function D(·) is (weakly) non-monotonic.

Proof. See Claussen and Røisland (2014).

3. Consistent Communication

3.1 Conclusion-Based Procedure

The conclusion-based procedure (CBP) is a procedure where the
MPC’s interest decision is the outcome of a direct vote on the interest
rate, such that the interest rate decision is given by rm.

any two distinct alternatives x, z ∈ Pj (or Y ), say that she weakly “prefers” x
to z (or z to x). The definition does not say anything about why she “prefers” x
to z. Member i could, for instance, prefer x to z because she finds that x gives
her higher utility than z, she could prefer x to z because she believes that x is
closer to the true value of the variable than z (it is a “better estimate”), or—if
variable j is a policy variable—she could prefer x to z because she finds that x
gives higher social welfare than z.
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When there is no discursive dilemma, the median story explains
the decision as rm = D(Sm). Suppose now that there is a discursive
dilemma, i.e., that rm �= D(Sm). How can the committee arrive at
a story that explains the decision and that is representative of the
committee view?

In the United States, the Federal Open Market Committee
(FOMC) publishes the “central tendency” of the individual esti-
mates and forecasts. In the example in table 1 in the Introduction,
the midway between the highest and lowest estimates, rr∗ = 2.25
and y = 0.5, can be interpreted as some kind of central tendency.
Interestingly, this central tendency story is consistent with r = 4.5.
However, this is generally not the case. It is easy to make exam-
ples where this definition of the central tendency does not produce
a consistent story.4 The same holds for other central tendency rules,
such as “average rules” based on linear combinations of individual
judgments.5

In the numerical analysis below, we assume that the story com-
municated under CBP is the story of the winner of the vote on the
interest rate. This strategy will always result in a consistent story
if it is amended by a lottery, seniority rule, or some other rule that
picks one story if there are several stories behind the median interest
rate. However, it is sometimes arguable whether this story represents
the center of gravity within the committee. Furthermore, the com-
munication of this story can be very cumbersome, as the median
interest rate may follow from extreme views on the premise vari-
ables. We could, for instance, have a situation where the winner of
the vote on the interest rate has an extreme view of the inflation
outlook, which in isolation calls for a high interest rate, but also has
an extreme view of the outlook for unemployment, which calls for
a low interest rate, making his (net) judgment of the interest rate
the median. Thus, the communication of stories can be difficult if
there is a discursive dilemma and the interest rate decision is based
on a direct vote on the interest rate. Furthermore, the estimates and

4Let, for instance, three individual judgments on rr∗ and y be (2.1), (2.5), and
(3.2), which gives rm = 4.5. The central tendency is then (2.5, 1), which gives
r = 5.0.

5In the example in the Introduction, the average story is (2.17, 0.33), which
gives r = 4.32.
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forecasts in that story do not necessarily represent efficient judgment
aggregation, as it is only the story of one member. If we have to
pick one member to find the story, the median interest rate member
would usually be the best one to pick, but there is no aggregation
of information behind that story, and hence no reason to expect
that it will be a good one. We return to this point in section 4
below.

3.2 Premise-Based Procedure

Under the premise-based procedure (PBP), the interest rate decision
is the interest rate that follows from the outcome of a vote on the
premise variables together with the dependence function,

rP = D (Sm) .

With this procedure, explaining the level of the chosen interest rate is
always easy, as the decision is always explained by the median story.
Furthermore, as the story is the median story, it also represents the
“center of gravity” of the MPC.

4. The Quality of the Story

In addition to explaining the decision and reflecting the “cen-
ter of gravity” of the MPC, a desirable property for the story is
that it should be precise in the sense that it is close to the true
story, i.e., the story that consists of the true (but unobservable)
values of the premise variables. Although there are examples in
the theoretical literature where precise communication could be
counterproductive—e.g., as shown by Morris and Shin (2002)—we
believe that in practice, central banks want their published judg-
ments and estimates to be as precise as possible. Having precise
estimates and making good judgments enhances the credibility of
the central bank.

To assess the relative performance of CBP and PBP, we conduct
a simulation exercise to evaluate the precision of the judgments of the
premise variables implied by each procedure. We assume that each
individual’s noisy observation (“judgment”) of premise variable i is
drawn independently from a given distribution to be specified below.
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We assume that the individual judgments are unbiased, so that the
mean of the distribution of the individual judgments is the true
(but unobservable) value of the premise variable. For each realiza-
tion of the individual judgments, we construct the median premise
and, using a dependence function described below, we derive the
median interest rate that would be chosen under CBP and the rate
implied by the median premises under PBP. Since the distribution
of the median does not have an analytical expression for small sam-
ples, we base our analysis on Monte Carlo simulations, where we
use 10,000 draws of individual judgments. In this section we use the
terms “judgment” and “estimate” synonymously, but since we do
not specify how they are formed, we treat them as noisy observa-
tions. We measure the precision of a story by the root mean squared
error (RMSE) of the judgments of premise variables. In order to
obtain a measure that is independent of the degree of noise in the
individual judgments, we divide this measure by the RMSE of the
distribution for pi, i.e., the standard deviation of the distribution,
denoted σpi . Denote this relative RMSE under PBP relRMSE(pm

i ),
i.e.,

relRMSE(pm
i ) =

√
1

10000

∑10000
t=1 (pm

i,t − pi)2

σpi

,

where pi is the true value of premise variable i and pm
i is the median

noisy observation (judgment) of pi. Similarly, denote the relative
RMSE under CBP relRMSE(prm

i ), where

relRMSE(prm

i ) =

√
1

10000

∑10000
t=1 (prm

i,t − pi)2

σpi

,

and where prm

i is the judgment of premise variable i of the win-
ner on the vote on r. Thus, if the premise variable in the story
communicated by the MPC is just as (in-)accurate as the individual
judgments on the premise variable, then relRMSE = 1. If the MPC’s
aggregate story provides value added relative to a random individ-
ual’s story, then relRMSE < 1. We say that the smaller relRMSE is,
the more precise are members’ judgments on pi.
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4.1 Linear Dependence Functions

Consider first the general linear dependence function, i.e.,6

r = p1 + p2 + · · · + pk. (6)

We assume that the individual judgments ph,j of each premise vari-
able ph are normally distributed with the mean equal to the true
value of ph, i.e., ph,j ∼ N(ph, σ2

h) for all j = 1, 2, . . . , n and all
h = 1, 2, . . . , k. We will treat premise variables symmetrically. It
therefore suffices to report the relRMSE for one of the premise vari-
ables to evaluate the informational value of the story. Note also that
with a linear dependence function, PBP and CBP are normatively
equal if we only look at the precision of the interest rate decision,
c.f. Claussen and Røisland (2014). The results of the simulations are
summarized in table 2. Recall that for linear dependence functions,
there can only be a discursive dilemma if k ≥ 2, c.f. proposition 1.

We see that relRMSE is considerably smaller when each premise
variable is voted on than when we let the median voter on the inter-
est rate dictate the story, i.e., relRMSE(pm

i ) < relRMSE(prm

i ). Gen-
erally, we see that relRMSE decreases with the number of MPC
members. This is akin to the Condorcet jury theorem, which fol-
lows from the law of large numbers. This gain from committees
has been launched as an explanation of why we have monetary
policy committees (see, e.g., Gerlach-Kristen 2006). When the indi-
vidual judgment errors are unbiased and not perfectly correlated,
relRMSE(pm

i ) −→ 0, as n −→ ∞ when the MPC votes on each
premise variable. However, if the MPC’s story is the story chosen
by the median voter on the interest rate, the gain from increasing
the number of members becomes smaller and, interestingly, does
not converge to zero. Actually, in our simulations relRMSE(prm

i )
never falls below 0.70 irrespective of how large n is. We also see that
relRMSE(prm

i ) increases with the number of premise variables. Thus,
with CBP, the quality of the story decreases when the story becomes
more complex. This is in contrast to PBP, where the quality of the
story is independent of the number of premise variables.

6The lack of coefficients on the premise variables does not limit the generality,
as we may define a given premise variable as the product of the coefficient and
the underlying premise variable, i.e., pj = αp̃j . Equation (6) is linear as long as
there is disagreement about either the coefficient or the variable, but not both.
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To summarize the results, we find that a story based on a
premise-based procedure represents a better collective judgment
on the premise variables than a story that is consistent with a
conclusion-based procedure. Thus, even though CBP and PBP result
on average in equally good decisions when the dependence function
is linear, the stories that are consistent with each procedure do not
have equal quality. To the extent that the quality of the communi-
cated story has positive welfare effects, our results give support to
a premise-based procedure over a conclusion-based procedure.

4.2 A Non-Monotonic Dependence Function

Above we found that voting on each premise variable produces bet-
ter stories when there is more than one premise variable. However,
as shown by Claussen and Røisland (2014), CBP and PBP may
also result in different decisions if there is only one premise vari-
able, and this enters non-monotonically in the dependence func-
tion. This might be seen as a special case, but policymakers may
in fact often face this situation, as we shall see in the following
application.

Suppose that the MPC’s objectives can be represented by a
(per-period) loss function

Lt = π2
t + λy2

t , (7)

and that the MPC members’ view on the economy can be summa-
rized by a simple New Keynesian model, i.e.,

πt = βEtπt+1 + κyt + ut, (8)

yt = Etyt+1 − (rt − Etπt+1). (9)

Equation (8) is the New Keynesian Phillips curve, where ut is a
cost-push shock, for instance, stemming from stochastic variations
in firms’ market power. We assume that Et−1ut = 0. Equation (9) is
a dynamic IS curve, which can be derived from the Euler equation
for an optimal consumption path. We assume for simplicity a unit
coefficient on the interest rate, and disregard stochastic fluctuations
in the neutral real interest rate (or “demand shocks”).
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Figure 1. The Discursive Dilemma
under Disagreement on κ

The first-order condition for optimal time-consistent policy is7

κπt + λyt = 0. (10)

Since the shock is not autocorrelated, a discretionary policy is char-
acterized by Etπt+1 = Etyt+1 = 0. The optimal interest rate is then
given by

rt =
κ

κ2 + λ
ut. (11)

Assume that the MPC members agree on the size of ut and λ,
but disagree on the size of κ. The only premise variable in the depen-
dence function is then κ. This dependence function is illustrated in
figure 1, where we see that D(κ) is non-monotonic.

Suppose that n = 3, and that the members have judgments on κ
as in the figure. If the winner of the interest rate vote (CBP leading
to r1) decides the story, the story becomes S = κ1, while if the MPC
votes on κ (PBP), the story becomes S = κ2.

7Under commitment to the timeless perspective, the level of the output gap is
replaced by the change in the output gap; see Clarida, Gali, and Gertler (1999).
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Table 3. Relative RMSE of a Premise Variable
in a Story under CBP and PBP and a
Non-Monotonic Dependence Function

n = 3 n = 5 n = 7 n = 9 n = 11 n = 1,001

CBP 0.94 0.92 0.91 0.91 0.91 0.97
PBP 0.78 0.66 0.57 0.52 0.48 0.05

To investigate which story is most precise, we perform similar
Monte Carlo simulations as above. Specifically, we assume that the
individual judgments on κ have a beta(1, 1) distribution. The moti-
vation for assuming a beta distribution rather than a normal dis-
tribution is that we want to avoid negative judgments of κ. It is
reasonable to assume that although the members disagree about the
size of κ, they agree about its sign, i.e., that a higher output gap
gives rise to higher and not lower inflation. We then conduct 10,000
draws to compute the relRMSE for each procedure and for different
sizes of the MPC. Table 3 shows the simulation results for the case
where λ = 0.5.8

As in the previous simulations, we see that voting on κ results
in a far more precise story than letting the median voter on the
interest rate decide the story. While PBP takes advantage of the
committee gain (Condorcet theorem), so that the noise in the MPC’s
story disappears as n becomes large, this is not the case with
CBP.

Figure 2 shows the relRMSE for the two approaches as a func-
tion of λ in the case where n = 5. The two approaches are equal
if λ is close to zero or close to one or above. The reason is that in
these cases, virtually all of the judgments fall on the monotonic part
of D(κ), such that there will be no discursive dilemma. An inter-
esting observation is that relRMSE(prm

i ) > 1 for some values of λ.
This means that letting the winner of the interest rate vote decide
the story results in a worse story than letting a completely random
member decide (in which case relRMSE = 1). The intuition for this
can be seen in figure 1 above. If the true value of κ is in an area near

8The qualitative results are independent of the choice of λ, but the magnitude
of the difference between the two approaches depends on λ.
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Figure 2. relRMSE under CBP and PBP as a Function of
the Relative Weight on Output in the Loss Function
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the maximum of D(κ), members who have judgments of κ close to
the true value will very rarely be the median voter on the interest
rate. Members who have very low or very high judgments of κ will
often become the median voter on the interest rate, which gives a
bias towards more noisy stories.

In the model above, we have implicitly assumed that the MPC
members are certain about their own judgments, such that they do
not take parameter uncertainty into account. If they did so, certainty
equivalence would not hold, and there would be an additional term
σ2

κ in the denominator in equation (11), which is the variance of
the judgment errors.9 However, this would not change the results as
regards the quality of the story, since we can take this into account
simply by replacing λ in equation (11) with λ̃ = λ + σ2

κ. Taking
parameter uncertainty into account would only make our results
more general, as this would also make the dependence function fol-
lowing from disagreement about the coefficient on the interest rate in
the IS curve (9) non-monotonic, as shown in Claussen and Røisland
(2014).

9See Claussen and Røisland (2014).
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To summarize, we find that PBP results in a story which tends
to be considerably closer to the (unobservable) truth than a story
consistent with CBP. In Claussen and Røisland (2014) we found
that unless the MPC members are sufficiently overconfident, PBP
tends to yield better interest rate decisions than CBP. Here, we have
shown another argument in favor of premise-based decision making
that is robust to the degree of overconfidence, and which also applies
to linear dependence functions.

5. Discussion

5.1 Model Disagreement

In the above analysis, we assumed that the MPC members shared
the same general model. This could be a relevant assumption for
central banks that have dedicated a particular model in their suite
of models as their core model for forecasting and policy analysis,
such as the Bank of England, Bank of Canada, and Norges Bank.
Without a particular core model, MPC members’ policy views might
to a larger degree reflect different model beliefs. However, the dis-
cursive dilemma is a general phenomenon, and it is likely to be even
more prevalent when there is disagreement over models. To see this,
consider the following example with an MPC with three members
who only care about inflation (i.e., λ = 0 in (7)). Member 1 believes
in the New Keynesian model outlined in sub-section 3.2. Member
2 believes in backward-looking expectations and uses the following
equations for inflation and the output gap:

πt+1 = πt + αyyt

yt = ρyyt−1 − γ(rt − Etπt+1).

The third member is a monetarist and believes

πt+1 = αm(mt − mt−1),

mt = pt + yt − δrt,

yt = τyt−1 − ϕ(rt − Etπt+1),
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Table 4. Individual Judgments and Preferences
over Models

Pref. over Models ut rt

Member 1 M1 	 M2 	 M3 1 1/κ
Member 2 M2 	 M1 	 M3 1 0
Member 3 M3 	 M1 	 M2 0 0
Majority M1 	 M2 	 M3 1 0

where mt is the money stock and pt is the price level. The reaction
functions for the three members then become

New Keynesian model (M 1): rt =
1
κ

ut (12)

Backward-looking model (M 2): rt =
1

αyγ
πt +

ρy

γ
yt−1 (13)

Monetarist model (M 3): rt =
1

δ + ϕ
(pt − mt−1 + τyt−1). (14)

Suppose now that members are able and willing to rank and
vote over the alternative models, and then use the winning
model/reaction function as the basis for the premise-based decision.
Suppose that all historical values, πt, and pt are observable and put
yt−1 = (pt − mt−1) = πt = 0. Let the preferences over models and
judgments of ut be as in table 4. Then PBP gives rt = 1/κ while
CBP gives rt = 0, and there is a discursive dilemma. Note also that
in this case there would not have been a discursive dilemma if all
three members believed in the same model. This illustrates how the
discursive dilemma is reinforced with model disagreement.

The communicational challenges under CBP are even more
severe when there is model disagreement. Finding a story that
explains the majority interest rate decision and represents the center
of gravity of views in the committee is difficult, if not impossible, if
there is disagreement about the model. Furthermore, if the commit-
tee decides to communicate the story of the winner of the vote on
the interest rate, the model in the story that explains the decision
may change from decision to decision even if members’ preferences
over models stay the same: At one meeting it might be the New Key-
nesian that wins the vote over r. At the next meeting it might be
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the monetarist, and so on. Monetary policy might therefore appear
random and inconsistent over time.

But also PBP becomes more difficult. One problem is that now
we might also get a “traditional” voting paradox. If, for instance,
member 3 has the preferences M2 	 M3 	 M1, there is no (Con-
dorcet) winner when voting over models, i.e., no model beats all
other models in a pairwise vote over models. Furthermore, PBP
might be implausible, as a fundamental disagreement over models
simply entails that MPC members are unwilling to base their judg-
ment of the interest rate on any model other than their own. Under
fundamental disagreement, the committee might therefore consider
alternative communication strategies. We discuss two of these below.

5.2 Partially Premise-Based Decisions

We have so far considered the fully conclusion-based versus the
fully premise-based decisions. The motivation was that assuming
the alternative procedures in their clean forms facilitates a clean
comparison between the two. However, while fully conclusion-based
decisions are obviously realistic, it is arguable whether truly
premise-based decisions are possible in practice. First, full PBP
could be cumbersome and time consuming. Second, as discussed
above, full PBP can be difficult, if not impossible, if there is dis-
agreement about models. Third, some members may have a more
intuition-based approach to monetary policy and are not able or
willing to formulate their models in a precise way.

To consider the more realistic intermediate case of partial PBP,
assume that member j’s preferred interest rate is given by

rj = D(Sj
A, Sj

B),

where SA = (p1, . . . , ph) is a vector of premise variables that are
subject to aggregation of judgments within the MPC, and SB =
(ph+1,...,pk) is a vector of premise variables that are not subject to
such aggregation. These could, for instance, be premise variables
that are not judged to be crucial for the central bank’s story, or
variables that are too difficult to formulate in a sufficiently precise
way. This may, for instance, capture the case where members believe
in different models, so that the parameters and variables describing
the models are embedded in SB. Note that we do not require the
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elements in SB to be observable. In fact, if the subset of Sj
B repre-

sents parameters and variables representing member j’s view of the
economic mechanisms (his “model”), but the member is not able to
formulate his model precisely, the elements of Sj

B could be unobserv-
able also to member j. We assume, however, that it is in principle
possible to formulate his model precisely, although the member is
not able to do so.

In this setting it is not possible to perform full PBP, but a partial
procedure is still viable as a two-step decision procedure. The first
step is that the MPC votes over each premise variable in SA. The
outcome of the vote, given our assumptions outlined in section 2,
will then be the median of each element in SA. Denote the vector
of median judgments Sm

A . The individually preferred interest rates
conditional on the aggregate judgments of SA are

rj = D(Sm
A , Sj

B), j = 1, . . . , n.

In the second step, the MPC votes over the alternative preferred
interest rates conditional on SA = Sm

A . The decision will then be the
median of the conditional preferred rates:

rm|P m
A

≡ median[D(Sm
A , S1

B), D(Sm
A , S2

B), . . . , D(Sm
A , Sn

B)].

To explain the story, the central bank may now communicate the
story S = (Sm

A , S
m|P m

A

B ), where m|Pm
A denotes the member who holds

the median preferred interest rate conditional on Pm
A . In practice,

central banks do not convey a complete story, i.e., a set of informa-
tion sufficient for the public to make a perfect mapping between S
and r. Instead, they may communicate elements of the story that
are considered key arguments for the decision. One possibility is to
communicate only the elements of the story that have been sub-
ject to aggregation, i.e., Sm

A . Then, the (incomplete) story reflects
by construction the “center of gravity” of the MPC. The story is
also consistent with the decision. It does not, however, explain the
decision, as defined in equation (4), without communicating S

m|P m
A

B .
Still, the elements of the story that are communicated—i.e., Sm

A —
hold the same precision as under full PBP, as analyzed in section
4. Thus, even if full PBP may not always be possible or desirable,
the central bank does not necessarily have to resign to full CBP.
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A partial procedure will still give better communication than CBP
if one wants the story to be precise and represent the center of gravity
of the MPC.

5.3 Why Not Communicate All the Individual Stories?

In the above analysis, we have assumed that the central bank pub-
lishes only one story. Why not communicate all the individual sto-
ries?

Generally, one might view more information as better than less.
If members’ individual judgments have informational value to pri-
vate agents, publishing all the members’ individual stories would,
arguably, be beneficial. However, in reality central banks seem to
focus on one story in their communication. The Bank of England and
the Riksbank, for instance, publish minutes from the interest rate
meetings where individual judgments are provided.10 These minutes
could be regarded as publishing parts of the individual stories. But,
nevertheless, the forecasts and analyses in the inflation or monetary
policy reports of these two central banks represent one story which is
supposed to be the central tendency view of the MPC. Some central
banks, such as Norges Bank, do not publish minutes but provide one
story in the monetary policy report that is supposed to fully explain
the interest rate decision. The Federal Reserve publishes the distri-
bution of individual forecasts from the FOMC members but does
not provide the details and the assumptions behind the individual
forecasts. In the press release immediately after the FOMC meeting
there is one story. Thus, there appears to be a strong tendency for
central banks to focus on one story in their communication.

Our analysis does not provide any answer as to why central banks
tend to focus on one story. But, one reason could be what Blinder
(2007) called the “cacophony problem”: “A central bank that speaks
with a cacophony of voices may, in effect, have no voice at all.” While
Blinder did not provide a theoretical rationale for the cacophony
problem, Moscarini (2007) shows that a central bank can gain cred-
ibility and increase its ability to affect expectations if it appears
competent. He argues that publishing conflicting views among MPC

10At the Bank of England, the minutes are not attributed, as opposed to at
the Riksbank.
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members can make the central bank appear less competent in the
view of the public and thereby less credible.

We have also assumed that central banks want the communicated
story to be consistent with the decision and as precise as possible.
Although we do not model the relationship between communication,
competence, and credibility, it seems reasonable to think that a cen-
tral bank that publishes a story that is inconsistent with the decision
will hardly appear competent and credible. We therefore find it rea-
sonable to assume that the central bank would like the story to be
consistent with the decision, and that the quality of the story should
be as high as possible.

5.4 Strategic Voting

We have implicitly assumed that the MPC members report their
true judgments. The assumption is important, as PBP will not work
if members act strategically. To see this, consider member 1’s judg-
ment on κ in figure 1. Under PBP, the interest rate will be r2 if
members do not act strategically. But, if member 1 instead reported
a judgment of κ which lies between κ2 and κ3, member 1 would
become the median voter and dictate r. The other members would
then not have any incentives to deviate, i.e., we would have a Nash
equilibrium, and PBP would yield the same result as CBP.

We nevertheless think it is useful to assume that MPC members
do not act strategically. One reason is that it is necessary to know
how things work when people do not act strategically before ana-
lyzing how things work under strategic behavior. Another reason is
that it seems, arguably, somewhat odd to assume that MPC mem-
bers will behave strategically in this way. First, the Nash equilibrium
above requires that members know each other’s true preferences and
accept that they do not vote according to these. It does not seem
reasonable to assume that MPC members will exploit the voting
system and openly behave strategically in this way. Second, and
related to the first point, there are social norms in MPCs that prob-
ably limit such strategic behavior. Third, MPC members also care
about making good judgments of the premises for the decision. In
the example above, the median judgment of κ is closer to member
1’s best judgment on κ than the κ that will be in the story if member
1 behaves strategically. Thus, if members care not only about the
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interest rate decision but also about the quality of the story, they
will have incentives not to behave strategically.11

References

Black, D. 1948. “On the Rationale of Group Decision-making.” Jour-
nal of Political Economy 56 (1): 23–34.

Blinder, A. S. 2007. “Monetary Policy by Committee: Why and
How?” European Journal of Political Economy 23 (1): 106–23.

Blinder, A. S., M. Ehrmann, M. Fratzscher, J. De Haan, and D.
J. Jansen. 2008. “Central Bank Communication and Monetary
Policy: A Survey of Theory and Evidence.” Journal of Economic
Literature 46 (4): 910–45.

Bovens, L., and W. Rabinowicz. 2004. “Democracy and Argument:
Tracking Truth in Complex Social Decisions.” In Deliberation
and Decision, ed. A. Van Aaken, C. List, and C. Luetge. Alder-
shot: Ashgate Publishing.

Chapman, B. 2003. “Rational Choice and Categorical Reason.” Uni-
versity of Pennsylvania Law Review 151 (3): 1169–1210.

Clarida, R., J. Gali, and M. Gertler. 1999. “The Science of Mone-
tary Policy: A New Keynesian Perspective.” Journal of Economic
Literature 37 (4): 1661–1707.

Claussen, C. A., E. Matsen, Ø. Røisland, and R. Torvik. 2012. “Over-
confidence, Monetary Policy Committees and Chairman Domi-
nance.” Journal of Economic Behavior and Organization 81 (2):
699–711.

Claussen, C. A., and Ø. Røisland. 2010. “A Quantitative Discursive
Dilemma.” Social Choice and Welfare 35 (1): 49–64.

———. 2014. “The Discursive Dilemma in Monetary Policy.” Scan-
dinavian Journal of Economics 116 (3): 702–33.

Gerlach-Kristen, P. 2006. “Monetary Policy Committees and Inter-
est Rate Setting.” European Economic Review 50 (2): 487–507.

11We may distinguish between “reason-oriented” and “outcome-oriented” MPC
members. The distinction is closely related to the distinction between a proce-
dural and an epistemic perspective on decision making mentioned in the Intro-
duction. Outcome-oriented members behave strategically under the PBP, while
reason-oriented members do not.



64 International Journal of Central Banking March 2015

Kohn, D. L. 2001. “The Kohn Report on MPC Procedures.” Quar-
terly Bulletin (Bank of England) 41 (1): 35–50.

List, C. 2005. “The Probability of Inconsistencies in Complex Col-
lective Decisions.” Social Choice and Welfare 24 (1): 3–32.

List, C., and B. Polak. 2010. “Introduction to Judgment Aggrega-
tion.” Journal of Economic Theory 145 (2): 441–66.

List, C., and C. Puppe. 2009. “Judgment Aggregation: A Survey.”
In The Handbook of Rational and Social Choice, ed. P. Anand,
P. Pattanaik, and C. Puppe. Oxford: Oxford University Press.

Morris, S., and H. S. Shin. 2002. “Social Value of Public Informa-
tion.” American Economic Review 92 (5): 1521–34.

Moscarini, G. 2007. “Competence Implies Credibility.” American
Economic Review 97 (1): 37–63.

Pettit, P. 2001. “Deliberative Democracy and the Discursive
Dilemma.” Philosophical Issues (a supplement to NOÛS ) 11 (1):
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This paper investigates the lending pattern of state-owned
banks over the business cycle. I take the endogeneity of pub-
lic banking into account by including records on both pri-
vatizations and nationalizations during banking crises. I find
that public bank lending is (i) significantly less cyclical except
for low-income countries, (ii) asymmetric along the business
cycle, (iii) heterogeneous across stages of economic develop-
ment, and (iv) related to banks’ vulnerability on their funding
side. Public banks reduce their lending less during economic
downturns, but their ability to absorb negative shocks is mar-
ginally decreasing as the size of the shock increases.

JEL Codes: G21, G28, G32, H44.

1. Introduction

Since the seminal paper by La Porta, Lopez-de-Silanes, and Shleifer
(2002),1 which accompanied the wave of privatizations in the 1990s,
it has been widely accepted that state-owned banks (hereafter public
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1See also, for instance, Barth, Caprio, and Levine (2004) or Galindo and Micco
(2004).
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banks) are a source of long-term inefficiency.2 However, little is
known about the role of public bank lending in the short run over
the business cycle, especially in times of crisis when the access to
bank loans is more difficult.

In this context, using individual bank balance sheet data over
1990–2010 for eighty-three countries covering at most 366 public
banks, the present paper shows that public banking is associated
with less cyclical lending policies, especially in the case of economic
downturn. However, this effect is reversed for less developed coun-
tries, where public banks tend to have a more vulnerable funding
structure.

Only a handful of papers have focused on this issue by analyzing
short-term variations in credit supply to the economy. First, using a
cross-country data set over the period 1995–2002, Micco and Panizza
(2006) find that lending by state-owned banks is less correlated with
the business cycle. Two case studies provide similar results (Ger-
many from 1987 until 2005: see Foos 2009; South Korea around the
2008 recession: see Leonya and Romeub 2011). Cull and Martinez
Peria (2013) present a before/after 2008 analysis and find that public
banks reacted in a countercyclical fashion in Latin America, but not
in Europe. The present paper is more closely related to the contem-
poraneous analysis by Bertay, Demirgüç-Kunt, and Huizinga (2015),
where they conclude that lending by state banks is less procyclical
than lending by private banks, especially in countries with good
governance and a high level of economic development. To deal with
the endogeneity of public banking, they use a generalized method of
moments (GMM) methodology to instrument the public ownership
dummy, which becomes time varying as they reconstruct ownership
changes from the successive updates of the Bankscope database over
the last ten years. In addition, they use indices of governance quality
to track the heterogeneity in lending cyclicality across their panel.

The present paper adopts a different but complementary strat-
egy and contributes to the literature in three ways. First, I combine
the public bank ownership dummy with records of individual bank

2This is partly because public banks fail to screen out good projects, which
squeezes interest margins (Sapienza 2004; Allen et al. 2005; Mian 2006; Micco and
Panizza 2006; Iannotta, Nocera, and Sironi 2007) and fails to ensure an efficient
allocation of credit (Megginson 2005).
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privatization events and also with an indicator on bank national-
izations during crises. However, I ignore the intensity of the gov-
ernment’s involvement in the bank around privatization events, and
I can only single out nationalizations during crises at the country
level, without identifying each nationalized bank. Nevertheless, fail-
ing to take the endogeneity of public banking into account could bias
the results. The real impact of public ownership may be blurred by
capturing the negative effect of newly rescued or bailed-out banks
appearing as state owned. Likewise, newly privatized banks appear
as private but may still be in the process of adjusting their lending
behavior.

A second novelty is the focus on asymmetric reactions over the
business cycle and heterogeneity across the stages of economic devel-
opment. Overall, public banks tend to reduce their aggregate lending
volumes less during economic downturns, but this stabilizing effect
is marginally decreasing as the size of the negative shock increases.
This is especially true for middle-income countries, while public
banks can be even more procyclical in low-income countries. How-
ever, the lower procyclicality of public bank lending in high-income
countries is rather the consequence of banks increasing their lending
less during phases of expansion. Thus the results show a non-linear
relation between economic development and public banks’ ability to
absorb negative shocks. This finding may appear in contradiction
with both the development and political views of public banking,3

which suggest more countercyclical lending by the public banking
sector for countries with lower economic or institutional develop-
ment. But these studies focus more on either long-term develop-
ment or short-term fluctuations over the political cycle, not over the
business cycle.

Last, I show that this asymmetric and heterogeneous lending
pattern of public banks is consistent with the variation in their lia-
bilities. The funding sources of public banks are less procyclical in
medium- to high-income countries, with a lower reliance on short-
term funds, as well as a lower volatility of wholesale funds in the case

3For the development view see, for instance, Gerschenkron 1962 and Barth,
Caprio, and Levine 2000. For the political view, see Shleifer and Vishny 1994;
Sapienza 2004; Dinc 2005; Khwaja and Mian 2005; and Micco, Panizza, and
Yanez 2007.
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of a negative macroeconomic shock. Conversely, public banks have
a more vulnerable funding structure in low-income countries. How-
ever, the different cyclicality of public bank lending could also have
other sources, which are beyond the scope of the present paper, such
as corporate governance issues, lending relationship management, or
loan maturity extensions.

The next section describes the data set, especially the way public
banking is handled, and the methodology. Section 3 presents the key
results of the paper about the lower cyclicality of public bank lend-
ing. Then section 4 investigates the asymmetric and heterogeneous
cyclical reactions of public bank lending across the phases of the
economic cycle and the stages of economic development. Section 5
shows that funding sources of public banks display similar cyclical
properties. Section 6 concludes.

2. Data Set and Methodology

2.1 Data Set Construction

I use Bankscope4 for bank-specific variables, as well as data from
the United Nations Statistics Division (UNSTAT), the World Bank,
and Standard & Poor’s (S&P) for country-wide variables. I cover
the period 1990–2010, but it should be noted that the coverage of
the Bankscope data set increased over time and stabilized somewhat
in 1999. Even if a single bank rarely remains in the data set over
twenty years,5 I prefer to keep the largest time span of each bank
and to start in 1990, which allows me to include many privatization
events that took place in the 1990s. I stop in 2010, as this is the
last date of my public ownership dummy and I do not have data
on public ownership changes after 2009. Tables 1 and 2 describe the
variables used.

I focus on the main types of banking institutions (excluding bank
holdings), namely commercial, real estate, savings, and investment
banks. When banks report multiple balance sheet statements, I use

4For a description of issues specific to the Bankscope database and the codes
associated with it, see Duprey and Lé (2014).

5For instance, due to increased coverage, merger, divestiture, accounting
change, or bankruptcy.
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the unconsolidated ones to obtain the most disaggregated infor-
mation, and when they publish their results with different clos-
ing dates, I use those that are closest to the end of the fourth
quarter.6

Nevertheless, duplicated assets potentially remain if included in
different balance sheets—for instance, after a merger7—or when
banks are subsidiaries of others. This is a common issue in the
Bankscope database, which does not allow to track the evolution
of cross-ownership over time. But this is not of major concern here,
as I do not focus on country aggregates of banking variables. When
needed as control variables, I keep only consolidated publications of
the top 20 banks to compute aggregate assets at the country level,
so that I am more likely to capture the actual size of the banking
sector.

I focus only on countries with at least two banks, since I some-
times have only a single pair of public/private banks for the same
year. Additionally, I restrict the study to banks that are among the
largest 100 banks ranked yearly by country8 and drop banks with less
than five observations, to prevent my data set from being excessively
unbalanced.

Eventually, the sample size is further reduced as I use growth
rates as well as lagged variables. I define growth rates above 100 per-
cent as missing, except for asset size, so that I can approximately
control for mergers and acquisitions that create spikes in growth
rates.

I am left with a panel-stationary9 data set including eighty-three
countries over the 1990–2010 period.

6Some countries (such as Canada or Japan) usually publish their financial
statements in March and have to be recoded as belonging to the year t− 1. I dis-
card releases made from April until September which cannot really be attributed
to either year t or year t − 1.

7I ran all regressions by excluding all banks that did not appear in my data
set in 2008, which almost completely removes the risk of a bank merged in the
1990s or early 2000s of being still recorded as a separate entity in 2008. All results
remain unchanged.

8This is not very restrictive, as I want to keep most public and privatized bank
observations. Results are not sensitive to this threshold and remain unchanged
if, for instance, I only focus on the top 20 banks.

9The Fisher stationarity statistic for panel data tests for the hypothesis that
at least one series is stationary against the null of all series being non-stationary.
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2.2 Public Ownership Definition

I use five data sources: Bankscope, the World Bank privatization
database, the World Bank database of banking crises, the Interna-
tional Monetary Fund (IMF) systemic banking crises database, and
the data set compiled by La Porta, Lopez-de-Silanes, and Shleifer
(2002) in their seminal work. Table 3 summarizes the composition
of the data set.

The benchmark for the construction of the public ownership
dummies are three variables of government ownership of banks
(GOB) from Bankscope. This database provides data on the inten-
sity in the government-bank relation, namely banks directly owned
by the government (as controlling shareholder, CSH) or possibly
indirectly owned (ultimate owner, UO). The share of public owner-
ship is also included: when more than 50 percent is owned by the
government (my variables GOB CSH50 or GOB UO50 ) or when
more than 25 percent of the bank is owned by the government
(my variable GOB UO25 ). When compiling the different govern-
ment ownership dummies, I focus only on public banks owned by
the public authorities of the country in which they operate and I
discard government-owned banks operating abroad. This is because
I want to focus only on public banks that are likely to respond dif-
ferently to the national economic cycle due to the involvement of the
government. From the Bankscope data set, I obtain records for at
most 280 public banks, possibly indirectly owned at the 25 percent
threshold by the national public authorities.

But the Bankscope database does not provide bank ownership
over time, so that the public ownership information in the raw data
reflects the ownership structure at the date of the last update (in
my data set, somewhere between 2007 and 2010, depending on the
bank). Note that due to the large wave of privatizations in the 1980s
and 1990s, banks that are not owned by the public authorities at
the end of my sample may have been privatized earlier, perhaps still
impacting their subsequent lending policies.

I therefore proxy for this time variation in government ownership
of banks by matching individual banks with the record of priva-
tizations of the World Bank10 that covers privatization events of

10Banks from the World Bank privatization database are matched with the
Bankscope database using either the current or previous name of the bank.
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Table 3. Composition of the Panel of Banks

SavingsBank, InvestBank, RealEstBank, CommercialBank, and GvtCredit-
Instit are dummy variables for, respectively, savings banks, investment
banks and trust corporations, real estate and mortgage banks, commercial
and credit card banks, and finally government credit institutions. Privatized
and BeforePrivatized are two dummy variables for banks privatized dur-
ing the sample period (sometimes the first year available is the year of the
privatization) and the years before the privatization took place. Variable
GOB CSH50 is the direct public ownership dummy when the government
is the controlling shareholder of more than 50 percent of a bank. Variables
GOB UO50 and GOB UO25 are indirect public ownership dummies when
the government is the ultimate owner of, respectively, more than 50 or 25
percent of a bank. Foreign is a dummy variable for banks ultimately owned
by a foreign entity at a minimum of 25 percent. NatCrisis and NatIn2008
are two dummy variables, respectively, for banks of countries that nation-
alized part of their banking system during a banking crisis and for banks
nationalized over the 2008 systemic banking crisis. The precise definition
of variables is given in table 1.

No. of No. of
Variable Obs. Banks Countries Percent

SavingsBank 2226 311 30 9.54
InvestBank 1533 198 48 6.57
RealEstBank 867 128 25 3.71
CommercialBank 17213 2057 83 70.49
GvtCreditInstit 1500 158 51 6.43
Privatized 752 86 30 3.22
BeforePrivatized 246 49 22 1.05
GOB CSH50 1821 244 58 7.80
GOB UO50 2678 327 64 11.47
GOB UO25 3049 366 68 13.06
Foreign 6150 763 81 26.35
NatCrisis 6874 721 18 29.45
NatIn2008 96 21 12 0.41
All 23339 2852 83 100
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at least 1 million USD during the period 1988–2008. This method
allows me to identify eighty-six additional government-owned banks
in thirty countries11 that were privatized during my reference
period. Privatization events that took place before the first available
observation in Bankscope are captured by bank fixed effects. How-
ever, some privatization events cannot be dealt with, if they con-
cerned smaller deals or took the form of divestitures in which none
of the privatized entities kept the name of the previous public bank.
Another limitation is that I only know the date on which a privatiza-
tion occurred, with the public authorities selling part of their shares
for a certain amount; but I do not know the initial level of public
ownership, which prevents me from computing the post-privatization
share of public ownership. Therefore, I only consider the last round
of privatization events of each bank as the cut-off date at which the
bank is no longer considered public. Henceforth, when the ownership
dummy signals the bank as being private, it has no more than 50
or 25 percent of public ownership. But when the ownership dummy
signals the bank as being public only at the beginning of my sam-
ple, I cannot be sure that the public authorities owned more than
a specific fraction of the bank. If my public bank dummies do not
take into account all privatized banks, the bias should be towards
a smaller difference in the lending cycle between what I consider as
public and private banks.

Ideally, I would also like to capture the nationalization events
in order to get a better proxy of the time variation of my public
ownership dummies. However, such a record does not exist across
countries, except for banks nationalized after the outbreak of the
2008 crisis, some of which are listed in the IMF database on systemic
banking crises. Therefore, I can only track countries that national-
ized some banks (which I am unable to identify precisely) during
specific periods of stress. This is the relevant piece of information

11Out of 703 privatization episodes for financial institutions, I obtain 195 indi-
vidual matches. A large number of privatization events are not matched, as the
categories recorded are much broader than banks (financial services, insurance,
industrial groups, pension funds, real estate, social security), and privatization
of banks may have occurred before they started being recorded by Bankscope.
Conversely, the number of banks matched is smaller than the number of individ-
ual matches, as several banks went through multiple waves of privatization over
time.
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for the purpose at hand, as banks nationalized during a banking
crisis may introduce a selection bias in the public/private ownership
dummy: public banks include the banks that once failed and had
to be restructured, which probably limited their lending abilities
and thus darkened the case for public banking. I account for bank
nationalizations at the country level using two data sets: the World
Bank database on banking crises, which reports countries where
the state took over troubled financial institutions over the period
1980–2003,12 and the nationalization-during-crisis dummy used by
La Porta, Lopez-de-Silanes, and Shleifer (2002). Banks rescued but
without transfer of ownership are not considered nationalized; hence,
if they were able to lend more or reduce their lending activities less
over the crisis, these banks that are coded as private would appear
less procyclical, and the bias would go against the results presented
here. However, the effect of banks rescued without ownership trans-
fer is likely to be captured when controlling for the evolution of the
country rating.

The data set includes at most 366 public banks in sixty-eight
countries, of which 86 banks in thirty countries were privatized, out
of a total of 2,852 distinct banks. Among the eighty-three countries
I cover, sixty-five did not experience nationalizations during a crisis
before 2008.

2.3 Methodology

2.3.1 Baseline Specification

I focus on the role of the economic cycle and ownership status
in determining the evolution of credit distributed by banks (loan
growth, gLoan13) by estimating the following model as a benchmark:

gLoani,t = MacroShockc,t · {β1 + β2 · Pui + β3 · Savi + β4 · Esti

+ β5 · Invi + β6 · Fori} + β7 · Pui + β8 · Savi + β9 · Esti

+ β10 · Invi + β11 · Fori + β12 · Xi/c,t−1 + υi,t, (1)

12I use the “Comments” column of this database, which describes the evolution
of each banking crisis and reports nationalizations as they occurred.

13The results are indifferent to choosing gross or net loan growth as the
explained variable.



78 International Journal of Central Banking March 2015

where i stands for the bank, t for the year, and c for the country. Pu

(respectively, Sav , Est, Inv, For) is a dummy variable that takes
the value 1 if the bank is considered public (respectively, savings,
real estate, investment bank, or foreign).

I use several alternative variables to proxy for the economic cycle,
which I here call MacroShock; as a benchmark, I use GDP growth,14

but also the deviation from the HP-filtered output trend. Hence β1

represents the systematic relationship between private bank loan
growth and the cycle when the proxy for macro shocks increases by
1 percentage point, while β1 +β2 is the specific co-movement of pub-
lic bank lending with macroeconomic fluctuations. I am interested
in the sign and significance of β2, which gives the additional effect
on lending growth due to public ownership.

Moreover, to ensure that the cyclicality of public bank lending
does not capture the distinction between domestic and foreign own-
ership, I need to include the foreign dummy15 and its interaction
with the macro shock. Failing to take the larger volatility of foreign
bank lending into account would artificially increase the aggregate
lending cyclicality of private banks and widen the gap with public
bank lending fluctuations.

Likewise, in order not to confuse the effect of specific banking
models with the ownership feature, I control for each bank type and
its interaction with the macro shock variable. Commercial banks
are taken as the benchmark, so that the dummy and the interaction
term do not appear in the regression. It is worth noting that banks

14I use GDP growth rather than the growth rate of GDP per capita; the latter
is useful if one is focused on development issues related to public banking, but I
prefer the former, as I want the evolution over the cycle, in response to shocks:
what matters is the aggregate size of bank lending in relation to the expansion
of GDP, rather than the actual availability of loans to each individual and its
interaction with individual wealth.

15The foreign ownership dummy is limited to the extent that it only reflects
end-of-period ownership, as of 2007–10. Consequently, I might capture banks that
were sold to a foreign institution and were not foreign at an earlier date, but this
would only dilute the specific lending cyclicality properties of foreign banks; what
really matters here is to capture away the foreign banks to avoid misinterpreting
the impact of public banking.
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classified by Bankscope as special government credit institutions16

de facto have no private counterparts in their sub-category. As a
robustness check, I consider only public and private commercial
banks without special credit institutions.

2.3.2 Controls

I control for macroeconomic country-wide variables, banking-sector
specificities, and individual bank features.

First, I control for country rating changes17 over the previous
year. My concern is to ensure that the interaction between public
bailout and implicit guarantees does not blur the picture: an increase
in the support of ailing banks by public authorities is likely to boost
their lending, but as it increases the fiscal burden on the government,
it may reduce the implicit guarantees enjoyed by private banks and
thus increase the rate at which they refinance themselves. In turn,
this would limit their lending abilities in the following period and
induce them to lend more procyclically in the case of a bad shock. I
also control for the lagged logarithm of GDP per capita in order to
proxy for economic development, which might not be orthogonal to
the use of public banking as a way of boosting lending, if one takes
a development approach to public banking.18 I also include lagged
GDP growth, lagged inflation, the real interest rate, and the average
change in national lending rate, which capture the evolution of the
demand side in a specific country and the ability of banks to make
profitable lending decisions. As a matter of fact, public ownership

16This group of banks includes major public banks, such as the Landesbanken
in Germany or the Banques Cantonales in Switzerland, that are commercial/retail
banks, or export-import banks in many countries providing corporate loans.

17S&P ratings and outlooks for long-term ratings in foreign currency are con-
verted to a numerical scale from 1 (“D” and negative outlook) to 69 (“AAA” and
positive outlook), so that a downgrade decreases the rating by several notches
while a mere change in the outlook is equivalent to a one-notch decrease. How-
ever, a shortcoming of this approach is that the effect of a change in country
ratings is linear and, as a result, the effect does not depend on the initial grade
of the country.

18The alternative would be to consider indices of financial and institutional
development, which are unlikely to be time varying and available for all countries.
Also, some of those indices include government intervention in the banking sector
as an input, which de facto makes them useless here. See Bertay, Demirgüç-Kunt,
and Huizinga (2015) for a similar paper taking this route.
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can be understood as a rent in a protected market, so that it should
be distinguished from the overall macroeconomic conditions that
provide more or less profit opportunities for the banking sector as a
whole. And when required, I include crisis years and nationalizations
in crisis dummies.

Second, I control for banking-sector specificities,19 namely lagged
banking concentration (concentration ratio of the top 4 banks) as
well as previous period market size and its evolution over time. The
level of competition within a banking sector is important, as banks
tend to increase their leverage when the intensity of competition
increases; also deeper markets can have access to cheaper financing
sources, while smaller markets can have a stronger growth potential.
In addition, by including the growth rate of market size, I can to
some extent capture breaks in the reporting of bank balance sheets
by Bankscope.

Third, I control for bank-specific balance sheet variables. I focus
mainly on size variables20 (the absolute size with the log of assets
and the relative size with the business share of each bank) without
retaining liquidity, capital positions, or profitability in the baseline,
as these variables may actually reflect the difference between public
and private banks. Including these controls would reduce the num-
ber of public banks in the data set that may not be subject to the
same market disclosure rules, and would therefore restrict cyclical
differences in lending growth to banks having similar balance sheet
composition and similar profitability. On the contrary, I prefer in a
second step to study the extent to which balance sheet composition
impacts lending cyclicality differently for public or private banks. In
addition, by controlling for the growth rate of the relative size of the
bank, I intend to grasp post-merger situations, which are character-
ized by spikes in relative bank size. If mergers and acquisitions are
procyclical, this would tend to increase the loan cyclicality of pri-
vate banks more than that of public banks. When required, I include

19For market-wide aggregates, I use figures of the banking sector based on the
same Bankscope data set but with only consolidated data, so that I am sure to
avoid double-counting assets when working with the larger, unconsolidated, data
set.

20There is some evidence that smaller banks invest more in the collection of
“soft” information (Berger et al. 2005), which may induce more stable credit
policies and less cyclical long-term relationships.
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dummies for privatized banks (possibly before/after) and/or 2008–9
bank bailout packages.

2.3.3 Lending through the Cycle Regression

To analyze the behavior of public banks during the upswing or the
downturn, I now distinguish between expansionary and recession-
ary phases as well as the intensity of the positive or negative shock.
First, I cannot use the same reference point (e.g., positive or nega-
tive growth rates) across countries, or else I would blur the effects in
a cross-country analysis that includes fast-growing developing coun-
tries and slow-growing developed countries. I can instead consider
observations above or below the mean growth rate of GDP by coun-
try over the whole period, so that I have roughly the same number
of observations above or below. But in this particular case I would
implicitly assume that the correct country-specific reference point
is time invariant, and the interpretation of the coefficient would be
difficult. In fact, I would only observe the cyclicality of bank lending
clustered by above/below mean GDP growth, but would not be able
to say, for instance, that public banks reduced their loans less in the
case of bad economic conditions.21

Ideally, one would rather focus on the positive or negative devi-
ation from the country-specific potential output.22 But this output
gap is only available for OECD member states. Instead, to keep the
largest cross-section, I use the deviation from the HP-filtered out-
put trend,23 so that the expansionary phase corresponds to GDP
growing faster than its trend.

21Above/below country average growth rates might combine both positive
and negative growth rates so that sign interpretation would not be possible.
Hence, results are not reported but support the results presented thereafter,
with government-owned banks featuring less cyclical lending mostly in the below-
average cluster.

22Potential output is defined as the level of output that an economy can in prin-
ciple produce at a constant inflation rate, in the absence of temporary shocks.
It depends on the capital stock, the potential labor force, the non-accelerating
inflation rate of unemployment (NAIRU), and the level of labor efficiency.

23The output trend is calculated using a Hodrick-Prescott filter with smoothing
parameter of 6.25 on the data set of yearly GDP from 1970 to 2010, as suggested
by Ravn and Uhlig (2002).
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Thus, I estimate equation (1), but by considering positive or neg-
ative macroeconomic shocks (β2 is broken down into β2,1 and β2,2)
as well as square terms (the α terms) to see whether the impact
intensifies when the shock is more or less positive or negative. Pos
(Neg) is a dummy variable which takes the value 1 if the variable
MacroShock is positive (negative).

gLoani,t = MacroShockc,t ·
{
β1 + β21 · Pui · Posc,t + β22 · Pui

·Negc,t + . . .
}

+MacroShock2
c,t ·

{
α1 +α21 ·Pui ·Posc,t

+ α22 · Pui · Negc,t

}
+ α3 · Posc,t + · · · + υi,t (2)

Alternatively, I test the asymmetric behavior of public banks over
the business cycle and the differential effect depending on the magni-
tude of the shock by splitting the sample into four categories (Cat).
Large (small) positive shocks correspond to the observations above
(below) the median positive shocks for each country, and likewise
for large and small negative shocks. Hence, the estimated equation
is

gLoani,t = MacroShockc,t ·
{

β1 +
∑

Cat

βCat · Pui · Catc,t + . . .

}

+
∑

Cat

μCat · Catc,t + · · · + υi,t. (3)

2.3.4 Estimation Choice

As a baseline, I use the within estimator24 and I consider the fol-
lowing structure for the error term:

υi,t = αi + αc + αt + αc,t + εi,t.

When using the within estimator, time-invariant bank (αi) and
country (αc) fixed effects are taken care of while controlling for
the time trend. When the panel is reduced to 1999–2010 so that it
is better balanced, the interaction between country and year dum-
mies (αc,t) is included; then I can compare public and private bank

24As the results of Haussman tests suggest, I reject the hypothesis of uncorre-
lated individual effects.
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lending variations within each country for each year. As a result
of my specification, I discard all country-specific and time-invariant
institutional arrangements.

To make sure the results are not driven by the over-
representation of some countries, which is a common problem in
Bankscope, I give each country an equal weight.25

3. Public Bank Lending Is Less Cyclical than Private
Bank Lending

3.1 Graphical Analysis

Figure 1 displays the evolution in bank loan growth in percentage
points associated with a 1 percent change in GDP, using an eight-
year rolling window.26 The graph on the left pictures a lending boom
by private banks where each additional percentage point of GDP
tends to be associated with at least a 1 percent growth in gross
loans. As far as public banks are concerned, the graph on the right
illustrates acyclical loan growth, with a deviation associated with a
1 percent increase in GDP not significantly different from zero, at
least until 2004. But from 2004 onwards, on average, public bank
lending starts to be procyclical, even if less procyclical than private
banks, suggesting that they both increased their lending to bene-
fit from the boom and/or that, when hit by the crisis, they had to
readjust their lending policy.

3.2 Regression Analysis

The main results are presented in table 4. Public bank lending
appears to be significantly less cyclical than private bank lending,
whether public ownership is direct (columns 1 and 2) or not (columns
3–6).

25For that purpose, I use the frequency weights option which is directly pro-
vided by Stata; thus, the weight of an observation is inversely proportional to the
number of observations within a given country. In other words, an observation in
an over-represented country like Germany or the United States will be assigned
a smaller importance, so that ultimately each country has the same contribution
to the average effect.

26The graph is similar whether I keep or drop countries with nationalizations
during a crisis and banks nationalized over the 2008–9 financial crisis.
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Figure 1. Evolution of Lending Cyclicality for Private
(Left) and Public (Right) Banks
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Notes: For private (respectively, public) banks, the estimates correspond to the
coefficient β1 (respectively, β1 + β2) of equation (1). Each point of the graph
reports the estimates of the benchmark model, with a rolling window over the
past eight years. Public ownership is defined as ultimate ownership (GOB UO50 ),
that is to say the indirect public ownership of more than 50 percent of a bank. The
solid line is the movement of loan growth (in percentage points) associated with
a 1 percent change of GDP. The shaded area displays the 95 percent confidence
bands.

Nevertheless, two complementary remarks call for a more careful
look at ownership change. First, some ailing banks may have been
nationalized during a crisis, either after 2008 or since 1970, precisely
to avoid a lending freeze, which could be captured by the public bank
dummy and could artificially increase the difference in lending cycli-
cality. This effect seems to be present for banks directly controlled by
the government. As a matter of fact, when I remove banks national-
ized during the 2008 crisis and drop the countries that nationalized
banks during a banking crisis between 1970 and 2004, the lower
cyclicality of public bank lending is somewhat weaker (column 2).

Second, failing private banks nationalized during a crisis are
unlikely to feature countercyclical lending; hence, this correlation
between public ownership and asset restructuring blurs the possible
“lending against the wind” ability of public banks. And this effect
seems to prevail for indirect public ownership of banks. The gap
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between public and private banks in terms of lending fluctuations
is significantly different from zero only when I drop nationalizations
during a banking crisis (columns 4 and 6). In short, by excluding
nationalizations, when I combine the coefficients to obtain the total
effect, public bank lending becomes acyclical.

In addition, the feedback loop of reduced implicit public guaran-
tees of private banks as a result of costly bank bailouts does indeed
limit the ability of private banks to issue new loans; this specific
effect, captured by the change in long-term country rating, is such
that a downgrade during the previous period reduces private bank
loan growth.

Moreover, foreign-owned banks tend to feature a somewhat
stronger reaction to macroeconomic fluctuations, probably due to
their ability to attract international flows in the expansion phase
and to reallocate funds in areas with less correlated business cycles
in case of downturn.

3.3 Robustness Checks

I now display alternative strategies to identify the effect of public
bank ownership on lending cyclicality, first using different specifi-
cations, then a sub-sample of commercial banks only, and last a
sub-sample of countries that privatized part of their public banking
sector.

3.3.1 Alternative Specifications
A set of robustness checks is displayed in table 5. First, regression
1 includes the lag dependant variable (lagged loan growth), which
turns out not to be significant, as I already control for variables such
as the lag of GDP growth or the lag of absolute and relative asset
size.

Second, in regression 2, I use the subset of corporate loans,
although it reduces the sample size by one-fourth. The lower lend-
ing cyclicality could be driven by forced loans to the government,
not business or housing loans, but this is no longer an issue when
restricted to corporate loans.

Third, I use the output gap as an alternative metric for the size
of the macroeconomic shock with consistent results (column 3).



88 International Journal of Central Banking March 2015
T
ab

le
5.

R
ob

u
st

n
es

s
C

h
ec

k
:
A

lt
er

n
at

iv
e

S
p
ec

ifi
ca

ti
on

s

R
es

ul
ts

of
th

e
lo

an
gr

ow
th

eq
ua

ti
on

(1
).

T
he

le
ft

-s
id

e
va

ri
ab

le
is

to
ta

l
gr

os
s

lo
an

gr
ow

th
(g

L
oa

n
)

or
co

rp
or

at
e

lo
an

gr
ow

th
(g

L
oa

nC
or

p)
.

T
he

pr
ox

y
of

th
e

m
ac

ro
ec

on
om

ic
sh

oc
k

is
G

D
P

gr
ow

th
or

th
e

H
P

-fi
lt

er
ed

ou
tp

ut
ga

p.
P

ub
lic

ow
ne

rs
hi

p
is

de
fin

ed
as

ul
ti

m
at

e
ow

ne
rs

hi
p

(G
O

B
U

O
50

),
i.e

.,
th

e
in

di
re

ct
pu

bl
ic

ow
ne

rs
hi

p
of

m
or

e
th

an
50

%
of

a
ba

nk
.

T
he

ad
di

ti
on

al
eff

ec
t

of
b
ei

ng
pu

bl
ic

ly
ow

ne
d

on
th

e
co

-m
ov

em
en

t
b
et

w
ee

n
le

nd
in

g
gr

ow
th

an
d

m
ac

ro
ec

on
om

ic
sh

oc
ks

is
ca

pt
ur

ed
by

th
e

in
te

ra
ct

io
n

b
et

w
ee

n
th

e
pr

ox
y

fo
r

th
e

m
ac

ro
sh

oc
k

an
d

th
e

pu
bl

ic
ow

ne
rs

hi
p

du
m

m
y.

E
st

im
at

ed
ei

th
er

us
in

g
th

e
w

it
hi

n
es

ti
m

at
or

or
a

G
M

M
sp

ec
ifi

ca
ti

on
us

in
g

th
e

fo
rw

ar
d

or
th

og
on

al
de

vi
at

io
n

tr
an

sf
or

m
as

w
el

l
as

co
lla

ps
ed

in
st

ru
m

en
ts

.
W

he
n

us
in

g
th

e
G

M
M

es
ti

m
at

io
n

w
it

h
th

e
xt

ab
on

d2
co

m
m

an
d

(t
ha

t
do

es
no

t
re

p
or

t
R

2
),

th
e

sa
m

pl
e

is
re

du
ce

d
to

co
un

tr
ie

s
w

it
h

at
le

as
t

on
e

pu
bl

ic
ba

nk
af

te
r

19
97

;
al

l
av

ai
la

bl
e

la
gs

ar
e

us
ed

as
in

st
ru

m
en

t
of

th
e

m
ac

ro
sh

oc
k.

C
ou

nt
ry

-y
ea

r
in

te
ra

ct
io

n
fix

ed
eff

ec
ts

re
qu

ir
e

a
m

or
e

ba
la

nc
ed

sa
m

pl
e

st
ar

ti
ng

in
19

99
;
in

th
is

ca
se

,
ti

m
e-

va
ry

in
g

va
ri

ab
le

s
at

th
e

co
un

tr
y

le
ve

l
ar

e
no

t
es

ti
m

at
ed

.
T

he
us

ua
l
se

t
of

co
va

ri
at

es
is

us
ed

bu
t

no
t

re
p
or

te
d.

C
ou

nt
ry

cl
us

te
re

d
ro

bu
st

st
an

da
rd

er
ro

rs
ar

e
in

pa
re

nt
he

se
s.

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

S
am

p
le

A
ll

A
ll

A
ll

R
es

tr
ic

te
d

S
in

ce
1
9
9
9

E
st

im
at

o
r

W
it

h
in

W
it

h
in

W
it

h
in

G
M

M
W

it
h
in

D
ep

en
d
en

t
V

ar
ia

b
le

gL
oa

n
gL

oa
n
C
or

p
gL

oa
n

gL
oa

n
gL

oa
n

G
D

P
G

D
P

O
u
tp

u
t

G
D

P
G

D
P

O
u
tp

u
t

M
ac

ro
S
h
o
ck

G
ro

w
th

G
ro

w
th

G
ap

G
ro

w
th

G
ro

w
th

G
ap

G
D

P
G

ro
w

th
0.

93
3∗

∗∗
0.

61
3∗

∗
1.

00
7∗

∗∗
−

1.
25

0
(0

.1
73

)
(0

.3
00

)
(0

.1
72

)
(1

.6
44

)
L
ag

G
D

P
G

ro
w

th
0.

56
7∗

∗∗
0.

97
6∗

∗∗
0.

59
1∗

∗∗

(0
.1

49
)

(0
.2

10
)

(0
.1

60
)

O
ut

pu
t

G
ap

−
0.

21
9

(0
.3

28
)

L
ag

D
ep

en
de

nt
V

ar
ia

bl
e

−
0.

01
1

(0
.0

24
)

M
ac

ro
Sh

oc
k*

P
ub

lic
D

um
m

y
−

0.
90

3∗
∗∗

−
1.

38
1∗

∗∗
−

0.
80

5∗
∗

−
2.

68
1∗

∗
−

0.
62

7∗
∗

−
0.

65
7∗

∗

(0
.2

75
)

(0
.4

87
)

(0
.3

42
)

(1
.2

26
)

(0
.2

98
)

(0
.3

24
)

M
ac

ro
Sh

oc
k*

Fo
re

ig
n

D
um

m
y

0.
20

2
0.

34
9

0.
33

8
0.

41
1

0.
17

5
0.

41
2

(0
.1

44
)

(0
.2

42
)

(0
.3

47
)

(0
.7

79
)

(0
.1

46
)

(0
.2

66
)

(c
on

ti
nu

ed
)



Vol. 11 No. 2 Do Publicly Owned Banks Lend 89

T
ab

le
5.

(C
on

ti
n
u
ed

)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

S
am

p
le

A
ll

A
ll

A
ll

R
es

tr
ic

te
d

S
in

ce
1
9
9
9

E
st

im
at

o
r

W
it

h
in

W
it

h
in

W
it

h
in

G
M

M
W

it
h
in

D
ep

en
d
en

t
V

ar
ia

b
le

gL
oa

n
gL

oa
n
C
or

p
gL

oa
n

gL
oa

n
gL

oa
n

G
D

P
G

D
P

O
u
tp

u
t

G
D

P
G

D
P

O
u
tp

u
t

M
ac

ro
S
h
o
ck

G
ro

w
th

G
ro

w
th

G
ap

G
ro

w
th

G
ro

w
th

G
ap

M
ac

ro
Sh

oc
k*

Sa
vi

ng
s

B
an

k
0.

64
5

1.
63

8∗
∗∗

0.
01

2
2.

21
6

0.
52

1
−

0.
30

2
(0

.5
84

)
(0

.3
44

)
(0

.9
32

)
(1

.4
02

)
(0

.5
96

)
(0

.9
61

)
M

ac
ro

Sh
oc

k*
In

ve
st

m
en

t
B

an
k

0.
25

7
0.

96
0∗

∗
−

0.
32

6
0.

97
8

0.
24

8
−

0.
25

3
(0

.5
19

)
(0

.4
33

)
(1

.0
55

)
(0

.9
64

)
(0

.2
88

)
(0

.8
04

)
M

ac
ro

Sh
oc

k*
R

ea
l
E

st
at

e
B

an
k

0.
80

8
2.

33
4∗

∗∗
0.

94
5

1.
87

3
0.

06
1

0.
54

7
(0

.5
88

)
(0

.5
11

)
(0

.9
75

)
(1

.1
33

)
(0

.3
79

)
(0

.8
44

)

R
2

0.
14

8
0.

06
5

0.
14

7
0.

26
2

0.
26

1
N

o.
C

ou
nt

ri
es

65
76

65
60

64
64

N
o.

P
ub

lic
B

an
k

O
bs

.
23

10
14

84
23

10
26

56
19

45
19

45
N

o.
P

ri
va

te
B

an
k

O
bs

.
14

13
0

16
60

4
14

13
0

14
34

7
10

43
1

10
43

1
B

an
k

an
d

C
ou

nt
ry

F
ix

ed
E

ff
ec

ts
Y

es
Y

es
Y

es
N

o
Y

es
Y

es
Y

ea
r

F
ix

ed
E

ff
ec

ts
Y

es
Y

es
Y

es
Y

es
Y

es
Y

es
C

ou
nt

ry
*Y

ea
r

F
ix

ed
E

ff
ec

ts
N

o
N

o
N

o
N

o
Y

es
Y

es
D

ro
p

N
at

io
na

liz
at

io
n

in
C

ri
si

s
Y

es
N

o
Y

es
N

o
Y

es
Y

es
D

ro
p

N
at

io
na

liz
at

io
ns

20
08

–1
0

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

F
ir

st
-O

rd
er

A
R

T
es

t
0

Se
co

nd
-O

rd
er

A
R

T
es

t
.9

70
H

an
se

n
T
es

t
.3

02

*p
<

0.
10

,
**

p
<

0.
05

,
**

*p
<

0.
01

.



90 International Journal of Central Banking March 2015

Fourth, regression 4 estimates a system-GMM specification27 in
order to be able to instrument GDP growth and all relevant interac-
tion terms that include the macroeconomic shock.28 Even though I
am mostly interested in the co-movement of bank lending with eco-
nomic fluctuations, I want to make sure that my parameter estima-
tion does not suffer from the possibility of reverse causality, whereby
loan growth fosters current GDP growth or vice versa. Consistent
results are obtained.29

Last, in order to fully account for macroeconomic conditions at
the country level, I include country-year fixed effects, at the cost of
a more balanced sample starting in 1999 (columns 5 and 6). Thus all
time-varying country-specific factors are netted out; that is to say,
I compare public and private bank lending within the same country
for the same year.

3.3.2 Sub-Sample of Commercial Banks Only

At the cost of a smaller set of public banks, instead of controlling for
banks’ business models as in the benchmark case, I can compare loan
growth by public versus private banks with the same business model
so that results are less likely to be driven by the heterogeneity in

27I use the xtabond2 command in Stata which allows me, first, to limit the num-
ber of missing observations by using the forward orthogonal deviation transform
instead of the first-difference transformation, and second, to use the collapsed
option in order to avoid the proliferation of instruments, as I am using all avail-
able lags as internal instruments. Moreover, I reduce my data set to countries
with at least one public bank in order to avoid estimation problems when a
dummy, here the public bank ownership dummy, has only a limited number of
ones (Roodman 2009). In addition, in order to include country clustered stan-
dard errors, I need a more balanced data set, and for that reason I drop the years
before 1997, for which I have fewer observations. Last, when several lags were
used in the benchmark within regression, the additional lags are removed from
the GMM, as the variables are precisely instrumented by their lags.

28Nevertheless, my focus here is not to instrument the public ownership dummy
as in Bertay, Demirgüç-Kunt, and Huizinga (2015), which is a slow and rarely
moving dummy unlikely to be well instrumented; I control instead for national-
izations in crisis.

29It successfully passes the Hansen J-statistic and difference-in-Hansen statis-
tic tests. The former tests for the joint validity of all the internal instruments
and is robust to heteroskedasticity; the latter tests for the validity of the lagged
loan growth, GDP growth, and relevant interaction terms as instruments for
the transformed equation and their first differences as instruments in the level
equation.
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corporate governance structures. Table 6 displays results restricted
to the sub-sample of commercial banks for countries with at least
one pair of public/private banks for some years. I am left with 111
public commercial banks for indirect public control at the 50 percent
threshold.

When restricted to the 1999–2010 period to get a more balanced
coverage, I can even compare public commercial banks with pri-
vately owned commercial banks of the same country in the same
year (column 2), while column 1 uses more observations but instead
captures the time variation in country-wide variables using a set of
macro controls.

The same lower sensitivity of public bank lending is obtained if I
now consider the output gap as an alternative proxy for macroeco-
nomic shocks (columns 3 and 4). Last, it is interesting to note that
only the subset of public commercial banks in high-income coun-
tries is less sensitive to macroeconomic shocks (GDP growth or out-
put gap) once nationalizations during crises are taken into account
and all the country-specific time variation is netted out (columns 5
and 6).

3.3.3 Before and After Privatization Events

I now make use of the time variation in my definition of public bank
dummies: I focus on the same bank in a given country before and
after the round of privatization30 compared with the evolution of the
banks that remained private or public during the whole period. Even
if I ignore the magnitude of public ownership before the privatiza-
tion event,31 these events correspond to a dilution of the intensity
of the public ownership of the bank which should be associated with
a change in lending variations if bank ownership matters.

Results are displayed in table 7. When restricted to the thirty
countries in which the eighty-six privatization events occurred, I
observe that privatized banks are less cyclical before their privatiza-
tion, whether the macroeconomic shock is proxied by GDP growth

30Whether I consider the largest or the latest privatization event in the case of
multiple rounds of privatization, results are very similar.

31After the privatization event, I know by construction that the bank is not
public if it is still in my database in 2008–10. If the bank drops out of my data
set before, I also ignore the magnitude of the public ownership for the years after
the last privatization round.
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(column 1) or by the output gap (column 2). This result is robust to
the profile of the buyer of the stakes relinquished by the government
or to a placebo analysis concerning the year of privatization.32

The result remains unchanged if I focus only on privatized
commercial banks before and after the last wave of privatization
(columns 3 and 4).

4. The Lower Lending Cyclicality of Public Banks Is
Heterogeneous

4.1 Heterogeneity across the Stages of the Business Cycle

I now concentrate on the evolution of public bank lending over the
stages of the business cycle. Thus I investigate the extent to which
the lower cyclicality of public bank lending occurs mainly in reaction
to negative shocks, when additional lending is particularly needed.
Table 8 displays the results.

First, this asymmetric pattern can be tested using square terms
for the negative macro shock. Column 1 shows that public banks
reduce their lending less after a negative shock. But when the out-
put deviates further from its trend, this effect weakens: the tendency
of direct public ownership of banks to favor lending against the wind
decreases when the economy deteriorates.

Second, I distinguish four categories, namely large and small,
positive and negative macro shocks, defined as deviation from the
output trend. I observe that public banks reduce significantly less
their lending in the case of small negative shocks compared with sim-
ilar private banks, whether countries with bank nationalizations are
included or not (columns 2 and 4). But public banks fail to absorb
larger negative shocks. As expected, when including bank national-
izations during a crisis, public banks cannot smooth credit relative
to private banks in the case of a large negative macro shock (col-
umn 2). But even after dropping countries that experienced bank

32Regardless of who bought the stakes relinquished by the government (national
or foreign block holding after privatizations), I find no additional effect. Also,
when I do a placebo analysis, results do not vary if I take the year t– 1 as the
year of the privatization, but results are no longer significant when I take t+ 1.
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nationalizations during a crisis, the ability of public banks to absorb
negative shocks is significantly reduced during periods of large out-
put losses compared with its trend (column 4). Conversely, in the
case of a positive macro shock with a GDP above its trend, pub-
lic banks do not show a different pattern in the variation of their
lending compared with the other banks. With a more balanced data
set, the same results survive the inclusion of country-year interac-
tion dummies, so that all time-varying country-specific effects are
captured out (columns 5 and 6).

4.2 Heterogeneity across the Stages of Economic Development

I now turn to the interaction between ownership and lending cyclical-
ity and economic development, in order to assess the extent to which
the development view of public banking in the long run can be rec-
onciled with an analysis of short-term variations. I split my data set
into three sub-groups—low-, middle-, and high-income countries—
roughly following the classification of the World Bank.33 Table 9
displays the results of this operation.

The middle-income group is the one closest to the aggregate
results presented above, with lower lending cyclicality of public
banking, whether I consider GDP growth or the output gap as a
proxy for macroeconomic shocks with or without country-year inter-
action dummies (columns 5 and 6). This lower cyclicality of public
bank lending is especially significant in the case of a negative shock
but at a decreasing pace as the size of the negative shock increases
(column 7).

The high-income group also tends to show a lower lending cycli-
cality of public bank lending34 (column 9, but this does not survive
the inclusion of country-year effects in column 10), but this may be
driven rather by a slower expansion of the activities of public bank

33Low-income countries are defined as countries with GDP per capita below
4,000 USD and high-income countries above 12,000 USD; if some countries have
observations both above and below the threshold, they are included in the upper
group. Compared with the grouping of the World Bank, the low-income group
here corresponds to the low- and middle-low income groups of the World Bank.

34This is particularly the case for commercial banks, as shown in table 6,
columns 5 and 6.
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lending when the economy expands35 (column 11). It is also worth
noting that as the magnitude of the positive shock increases, public
banks become more similar to private banks in their lending pattern
(columns 11 and 12).

As for the public banks in the low-income group, they have
the opposite characteristic in terms of lending variations over the
cycle.36 Overall, it is not significantly different from privately owned
banks, whatever the proxy or restrictions used (columns 1 and 2).
Then regressions 3 and 4, with or without country-year interaction
fixed effects, reveal that public banks are less likely to benefit from
the boom phase, but this effect marginally decreases when the size
of the positive shock increases (as in the case of the high-income
group). And they are more affected during the periods of below-
trend growth: in fact, this effect increases as the size of the negative
shock increases. As the public banks in less developed countries are
rather less procyclical in periods of boom, but more procyclical in
periods of bust, it is logical to observe that when the two effects
are pooled, as in columns 1 and 2, the average lending cyclicality of
public banks is not significantly different from their private coun-
terparts. So failing to distinguish the different stages of the business
cycle would wrongly support the view that there is little difference in
behavior between public and private banks, while public banks, even
after excluding the countries that nationalized ailing banks during a
crisis, tend to reduce their lending relatively more during economic
downturns.

In short, I find a non-linear relation between economic develop-
ment and public banks’ ability to absorb shocks, whereas one might
have expected low-income countries to be keener on using public
banking as a political tool to smooth out economic fluctuations.
However, the cycle that matters most for low-income countries, with
potentially weaker institutions, may not be the economic cycle but
rather the political cycle (Dinc 2005; Khwaja and Mian 2005).

35On the sub-sample of OECD member countries, the deviation from poten-
tial output of the economy (instead of output trend) can be used and similar
results are obtained, i.e., overall lower cyclicality, especially during phases of
expansion. However, in the European case, public banks still reduce their lending
significantly less when facing negative shocks.

36Likewise, foreign banks in the low-income group are more procyclical, while
the effect becomes not statistically significant for the high-income group.
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5. The Lending Cyclicality of Public Banks and Their
Funding Sources

If public banks lend in a less procyclical manner, especially in times
of economic stress, this pattern should be reflected in either their
liability structure or the provisions left on the asset side to absorb
potential shocks. In other words, the less cyclical lending policy of
public banks may be associated with a less volatile funding structure
(for instance, linked with explicit government support or a different
business model) or with more procyclical loan loss provisioning.

5.1 Middle- and High-Income Countries Have Less Volatile
Funding Sources in Bad Times

The evolution of the liability side of public banks in middle- and
high-income countries is displayed in table 10.

If public banks in middle-income countries benefit from the
upside by increasing both their wholesale (columns 1–3) and their
long-term funding (columns 4–6), wholesale funding is less subject
to a sudden dry-up in the case of a bad macro shock, which can
sustain less cyclical lending practices (column 3).

In high-income countries, public banks appear to rely less on
short-term funding captured by the growth rate of money-market
funding37 during expansionary phases (columns 7–9), so that their
reliance on wholesale funding is less cyclical, which is consistent
with the lower procyclicality of public bank lending, especially dur-
ing booms. Public bank lending growth in developed countries is also
restricted by a more limited expansion of their longer-term funding
maturities (column 12).

These two complementary effects are in line with the “dark side”
view of wholesale funding, which posits that wholesale markets cre-
ate severe liquidity risks in the case of negative news (Huang and
Ratnovski 2010). As a matter of fact, during a downturn, public
ownership may act as a guarantee against possible losses and, for

37The same results are obtained by looking at the share of short-term fund-
ing broadly defined as total liabilities net of deposits, other liabilities, long-term
funding, and total reserves.



104 International Journal of Central Banking March 2015

T
ab

le
10

.
B

an
k

F
u
n
d
in

g
as

a
P
ot

en
ti
al

S
ou

rc
e

of
B

al
an

ce
S
h
ee

t
C

y
cl

ic
al

it
y
:

M
id

d
le

-
an

d
H

ig
h
-I

n
co

m
e

C
ou

n
tr

ie
s

T
h
e

su
b
-s

a
m

p
le

o
f
co

u
n
tr

ie
s

b
y

le
v
el

o
f
d
ev

el
o
p
m

en
t

ro
u
g
h
ly

fo
ll
ow

s
th

e
cl

a
ss

ifi
ca

ti
o
n

o
f
th

e
W

o
rl

d
B

a
n
k
.
T

h
e

le
ft

-s
id

e
va

ri
a
b
le

is
th

e
g
ro

w
th

ra
te

o
f
a

b
a
la

n
ce

sh
ee

t
va

ri
a
b
le

.
T

h
e

p
ro

x
y

o
f

th
e

m
a
cr

o
ec

o
n
o
m

ic
sh

o
ck

is
G

D
P

g
ro

w
th

o
r

th
e

H
P
-fi

lt
er

ed
o
u
tp

u
t

g
a
p
.

P
u
b
li
c

ow
n
er

sh
ip

is
d
efi

n
ed

a
s

u
lt

im
a
te

ow
n
er

sh
ip

(G
O

B
U

O
50

),
i.
e.

,
th

e
in

d
ir

ec
t

p
u
b
li
c

ow
n
er

sh
ip

o
f

m
o
re

th
a
n

5
0
%

o
f

a
b
a
n
k
.

W
h
en

lo
o
k
in

g
a
t

th
e

h
o
m

o
g
en

eo
u
s

re
a
ct

io
n

o
f

th
e

g
ro

w
th

ra
te

o
f

a
b
a
la

n
ce

sh
ee

t
va

ri
a
b
le

a
cr

o
ss

th
e

b
u
si

n
es

s
cy

cl
e,

th
e

eq
u
a
ti

o
n

es
ti

m
a
te

d
w

it
h

th
e

w
it

h
in

es
ti

m
a
to

r
is

si
m

il
a
r

to
eq

u
a
ti

o
n

(1
).

T
h
e

a
d
d
it

io
n
a
l
eff

ec
t

o
f
b
ei

n
g

p
u
b
li
cl

y
ow

n
ed

o
n

th
e

co
-m

ov
em

en
t

b
et

w
ee

n
th

e
b
a
la

n
ce

sh
ee

t
va

ri
a
b
le

a
n
d

m
a
cr

o
ec

o
n
o
m

ic
sh

o
ck

s
is

ca
p
tu

re
d

b
y

th
e

in
te

ra
ct

io
n

b
et

w
ee

n
th

e
p
ro

x
y

fo
r

th
e

m
a
cr

o
sh

o
ck

a
n
d

th
e

p
u
b
li
c

ow
n
er

sh
ip

d
u
m

m
y.

W
it

h
tw

o
b
u
ck

et
s,

p
o
si

ti
v
e

o
r

n
eg

a
ti

v
e

m
a
cr

o
sh

o
ck

s,
th

e
eq

u
a
ti

o
n

es
ti

m
a
te

d
u
si

n
g

th
e

w
it

h
in

es
ti

m
a
to

r
is

si
m

il
a
r

to
eq

u
a
ti

o
n

(2
).

T
h
e

a
d
d
it

io
n
a
l
eff

ec
t

o
f
b
ei

n
g

p
u
b
li
cl

y
ow

n
ed

d
u
ri

n
g

a
cr

is
is

is
ca

p
tu

re
d

b
y

th
e

in
te

ra
ct

io
n

b
et

w
ee

n
th

e
p
ro

x
y

fo
r

th
e

m
a
cr

o
sh

o
ck

,
th

e
d
u
m

m
y

fo
r

th
e

n
eg

a
ti

v
e

m
a
cr

o
sh

o
ck

,
a
n
d

th
e

p
u
b
li
c

ow
n
er

sh
ip

d
u
m

m
y.

T
h
e

u
su

a
l

se
t

o
f

co
va

ri
a
te

s
is

u
se

d
b
u
t

n
o
t

re
p
o
rt

ed
.

T
h
e

u
se

o
f

co
u
n
tr

y
-y

ea
r

in
te

ra
ct

io
n

fi
x
ed

eff
ec

ts
re

q
u
ir

es
a

m
o
re

b
a
la

n
ce

d
sa

m
p
le

st
a
rt

in
g

in
1
9
9
9
;
in

th
is

ca
se

,
ti

m
e-

va
ry

in
g

va
ri

a
b
le

s
a
t

th
e

co
u
n
tr

y
le

v
el

a
re

n
o
t

es
ti

m
a
te

d
.
C

o
u
n
tr

y
cl

u
st

er
ed

ro
b
u
st

st
a
n
d
a
rd

er
ro

rs
a
re

in
p
a
re

n
th

es
es

.

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0
)

(1
1
)

(1
2
)

S
a
m

p
le

M
id

d
le

-I
n
c
o
m

e
C

o
u
n
tr

ie
s

H
ig

h
-I

n
c
o
m

e
C

o
u
n
tr

ie
s

D
e
p
e
n
d
e
n
t

G
ro

w
th

o
f

G
ro

w
th

o
f

G
ro

w
th

o
f

G
ro

w
th

o
f

V
a
ri

a
b
le

M
o
n
e
y
-M

a
rk

e
t

F
u
n
d
in

g
L
o
n
g
-T

e
rm

F
u
n
d
in

g
M

o
n
e
y
-M

a
rk

e
t

F
u
n
d
in

g
L
o
n
g
-T

e
rm

F
u
n
d
in

g

G
D

P
G

D
P

G
D

P
G

D
P

M
a
c
ro

S
h
o
ck

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

O
u
tp

u
t

G
a
p

6
.8

2
2

∗
∗

∗
−

4
.7

7
7

−
4
.6

0
∗

∗
∗

−
4
.7

8
9

∗
∗

∗
1
.3

4
4

−
1
3
.0

4
∗

∗
∗

1
2
.5

2
5

∗
∗

∗
−

0
.5

0
9

(1
.9

1
6
)

(3
.0

4
9
)

(1
.5

0
2
)

(0
.7

0
1
)

(1
.2

7
5
)

(1
.3

6
1
)

(0
.6

1
0
)

(1
.7

5
3
)

G
D

P
G

ro
w

th
−

1
.2

7
4

∗
∗

∗
−

3
.4

8
4

∗
∗

∗
−

4
.9

2
3

∗
∗

∗
0
.1

1
4

3
.3

3
4

∗
∗

∗
−

0
.9

8
2

∗
5
.0

5
1

∗
∗

∗
1
.3

2
9

4
.0

7
6

∗
∗

∗
3
.0

9
5

∗
∗

∗
−

1
.8

4
5

∗
∗

∗
2
.7

1
0

∗
∗

∗

(0
.3

4
2
)

(0
.9

2
5
)

(1
.2

9
7
)

(0
.7

7
1
)

(0
.3

1
0
)

(0
.5

5
2
)

(1
.1

7
5
)

(0
.9

1
9
)

(0
.4

3
9
)

(0
.5

6
7
)

(0
.3

0
6
)

(0
.1

7
5
)

P
o
si

ti
v
e

S
h
o
ck

*
1
0
.9

4
∗

∗
∗

6
.3

0
7

∗
∗

∗
−

7
.2

0
4

∗
∗

−
7
.3

6
8

∗
∗

P
u
b
li
c

D
u
m

m
y

(2
.2

6
5
)

(1
.6

7
4
)

(3
.2

7
5
)

(3
.5

7
8
)

N
eg

a
ti

v
e

S
h
o
ck

*
−

6
.9

3
9

∗
∗

−
0
.4

5
2

−
4
.8

5
1

5
.0

2
6

∗
∗

P
u
b
li
c

D
u
m

m
y

(2
.9

2
1
)

(1
.9

7
0
)

(2
.9

1
4
)

(2
.4

2
3
)

M
a
cr

o
S
h
o
ck

*
−

0
.4

4
7

2
.3

2
3

∗
0
.1

7
9

3
.1

3
7

∗
∗

∗
−

3
.6

6
5

∗
∗

−
5
.6

5
7

∗
∗

∗
−

2
.2

9
9

∗
∗

∗
−

0
.9

5
1

P
u
b
li
c

D
u
m

m
y

(1
.0

4
1
)

(1
.2

7
9
)

(0
.5

0
8
)

(0
.8

9
4
)

(1
.4

6
5
)

(1
.9

3
0
)

(0
.5

2
0
)

(2
.1

7
0
) (c

on
ti
nu

ed
)



Vol. 11 No. 2 Do Publicly Owned Banks Lend 105

T
ab

le
10

.
(C

on
ti
n
u
ed

)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0
)

(1
1
)

(1
2
)

S
a
m

p
le

M
id

d
le

-I
n
c
o
m

e
C

o
u
n
tr

ie
s

H
ig

h
-I

n
c
o
m

e
C

o
u
n
tr

ie
s

D
e
p
e
n
d
e
n
t

G
ro

w
th

o
f

G
ro

w
th

o
f

G
ro

w
th

o
f

G
ro

w
th

o
f

V
a
ri

a
b
le

M
o
n
e
y
-M

a
rk

e
t

F
u
n
d
in

g
L
o
n
g
-T

e
rm

F
u
n
d
in

g
M

o
n
e
y
-M

a
rk

e
t

F
u
n
d
in

g
L
o
n
g
-T

e
rm

F
u
n
d
in

g

G
D

P
G

D
P

G
D

P
G

D
P

M
a
c
ro

S
h
o
ck

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

G
ro

w
th

O
u
tp

u
t

G
a
p

R
2

0
.2

9
4

0
.2

9
1

0
.3

0
0

0
.2

0
9

0
.2

1
9

0
.2

2
0

0
.2

9
5

0
.2

8
9

0
.2

8
9

0
.2

3
8

0
.2

3
9

0
.2

4
2

N
o
.
C

o
u
n
tr

ie
s

1
9

1
9

1
9

1
9

1
9

1
9

2
5

2
5

2
5

2
9

2
9

2
9

N
o
.
P
ri

va
te

B
a
n
k

O
b
s.

1
5
3
5

1
5
3
5

1
5
3
5

1
7
8
9

1
7
8
9

1
7
8
9

2
1
4
3

2
1
4
3

2
1
4
3

3
0
3
9

3
0
3
9

3
0
3
9

N
o
.
P
u
b
li
c

B
a
n
k

O
b
s.

2
4
8

2
4
8

2
4
8

2
7
3

2
7
3

2
7
3

4
1
5

4
1
5

4
1
5

5
1
2

5
1
2

5
1
2

B
a
n
k

a
n
d

C
o
u
n
tr

y
F
ix

ed
E
ff
ec

ts
Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
ea

r
F
ix

ed
E
ff
ec

ts
Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

C
o
u
n
tr

y
*
Y
ea

r
F
ix

ed
E
ff
ec

ts
Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

D
ro

p
N

a
ti

o
n
a
li
za

ti
o
n

in
C

ri
si

s

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

D
ro

p
N

a
ti

o
n
a
li
za

ti
o
n
s

2
0
0
8
–
1
0

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

*
p

<
0
.1

0
,
*
*
p

<
0
.0

5
,
*
*
*
p

<
0
.0

1
.



106 International Journal of Central Banking March 2015

instance, discourage wholesale withdrawals when economic condi-
tions deteriorate. Moreover, public banks tend to engage more in
relationship lending (Delgado, Salas, and Saurina 2007) and thus
try to acquire more private information; but this activity requires
more monitoring on behalf of investors and the bank has to pay a
premium on outside finance. Thus public banks may have an incen-
tive to rely less on short-term funding, as observed for middle- and
high-income countries, and favor longer-term funding sources.38

5.2 Low-Income Countries Have More Volatile Funding
Sources in Bad Times

The evolution of the liability side of public banks in low-income
countries is displayed in table 11.

The funding structure of public banks in low-income countries
seems to rely less on short-term money-market funds during expan-
sionary phases, but results suggest that both short- and long-term
funding may be more cyclical overall (respectively, columns 1 and 5
for significant results, but insignificant in columns 2 and 4). Thus it
is more appropriate to look at the cyclical behavior of the ratio of
possibly volatile over more stable funding.

As proposed by Hahm, Shin, and Shin (2012), the vulnerability
of a bank on the liabilities side can be measured by the evolution
of the non-core liabilities ratio, i.e., the ratio of less stable funding
sources (non-core liabilities) over customer deposits (core liabilities).
This reflects the growing financing needs that cannot be met with
traditional deposits. The results in columns 7 and 9 show that the
non-core liabilities ratio is more procyclical for public banks and
decreases more in the case of a bad macro shock, whereas it is less
cyclical and mostly non-significant for other income groups. Thus,
the larger procyclicality of public bank lending during downturns

38Customer deposits, another type of short-term finance (as they can be with-
drawn without any restrictions), do not move along the cycle significantly dif-
ferently for public versus private banks. Indeed, customer deposits are usually
considered to be sluggish (see, e.g., Song and Thakor 2007) due to deposit insur-
ance schemes available to all banks, except maybe during periods of extreme
stress with possible “flight to quality” towards banks directly backed by the
government (e.g., in Russia, see Karas, Schoors, and Weill 2008, p. 26).
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observed for low-income countries maps into a less stable funding
structure in the case of a negative shock.

If public banks in low-income countries are constrained on their
liability side during downturns, they make loan loss provisions more
procyclically, which should prevent excessive loan expansion and
limit loan deterioration and, as a consequence, favor more coun-
tercyclical lending (columns 10 and 11). But this could also arise
as a result of lower provisioning in periods of negative shock—for
instance, if public banks prefer to roll over their loan book rather
than write off non-performing loans, an issue which is beyond the
scope of this paper.

6. Conclusion

This paper examines the extent to which public banks display a
different pattern in their lending behavior not only according to
macroeconomic fluctuations but also across the stages of economic
development.

Public bank lending, even when restricted to commercial banks,
is less reactive to economic fluctuations. This is especially true in
periods of economic downturn: public banks are able to cut back on
their new loans less when hit by a negative macroeconomic shock.
But as the size of the negative shock increases, the ability of public
banks to absorb the shock and lean against the wind is more lim-
ited. This asymmetry over the business cycle is particularly relevant
for countries in the middle-income group, while public banks in low-
income countries have a lending policy that does not ease so much
in the case of positive shocks but tightens more in the case of neg-
ative ones. This lending pattern is reflected on the liability side by
a different funding structure, so that the vulnerability of wholesale
funds and non-deposit financing is a consistent explanation for the
heterogeneity of public bank lending cyclicality. Moreover, national-
izations during a banking crisis have a tendency to blur the picture
due to their correlation with public banking: one has to distinguish
public banks which can engage in alternative lending practices from
recently nationalized banks which need restructuring and downsiz-
ing. Conversely, privatized banks are associated with a shift from
low to high lending cyclicality, which is to be expected if ownership
does indeed influence lending policies.
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The underlying question behind the cyclicality of lending by
public banks is their ability to efficiently manage their loan port-
folio and funding structure in such a way that their explicit public
support allows them to lean against the wind without experiencing
any larger default risks (despite larger operational risks; Iannotta,
Nocera, and Sironi 2013). This apparently desirable short-term prop-
erty of public banks calls for more empirical study to investigate
the issues of allocation efficiency and corporate governance. For
instance, if public banks are less efficient in their monitoring, they
can lend in a less procyclical way, but without necessarily ensuring
a good allocation of resources (Duprey 2013). Likewise, a differ-
ent business model may favor more stable lending but may also
be associated with more credit forbearance or delayed loan dete-
rioration, which may make public bank lending look less cycli-
cal. Thus the short-term and long-term views of public banking
could be two sides of the same coin, an inviting avenue for future
research.
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1. Introduction

“We have involved ourselves in a colossal muddle, having blun-
dered in the control of a delicate machine, the working of which
we do not understand.”

— John Maynard Keynes, The Great Slump of 1930
(December 1930)

Over the twenty years since the Taylor (1993) rule was intro-
duced, there has been an explosion of work studying the character-
istics of monetary policy rules in general and simple, interest rate
feedback rules in particular. While considerable insight has come out
of this literature, so has a fundamental critique, namely that results
formulated in this way may not be robust to misspecification of the
underlying model. Keynes’s metaphor of the economy as a “delicate
machine . . . which we do not understand” seems as apt today as it
was in 1930.

It follows from that lack of understanding that a principal con-
cern for policymakers is uncertainty, and how to deal with it. The
fast-growing literature on model uncertainty seeks answers to this
question; see, inter alia, Levin, Wieland, and Williams (1999), Tetlow
and von zur Muehlen (2001), Onatski and Williams (2003), Levin et
al. (2006), Brock, Durlauf, and West (2007), and Taylor and Wieland
(2012).1 This strand often employs the rival models method of analy-
sis wherein the researcher posits two or more alternative models of
the economy and employs statistical or decision-theoretic techniques
to find a policy rule that performs “well” in each of the posited
models; see, e.g., McCallum (1988). While this approach has pro-
duced interesting and useful results, it is hampered by the artificial-
ity of the environment in which it has typically been employed. In
nearly all cases, the models under consideration are highly abstract
and do not fit the data well, useful perhaps for making narrow

1Two other aspects of uncertainty, relevant to monetary policymaking, are
parameter uncertainty (see, e.g., Brainard 1967, Söderström 2002, Walsh 2004,
and Kimura and Kurozumi 2007) and data uncertainty (Aoki 2003, Jääskelä and
Yates 2005). These subject areas should be regarded as complementary to the
study of model uncertainty.
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points, but not to be taken seriously as tools for monetary policy
design.2

Virtually absent from the above characterization of the literature
is the real-time analysis of model uncertainty. At one level, this is not
surprising; after all, while it is easy to conceptualize changing views
about what the true model might be, it is more difficult to imagine
the laboratory in which such an analysis could be conducted. That
is, however, exactly what this paper provides. My laboratory is the
Federal Reserve Board staff and the FRB/US model. I examine time
variation in model properties, and hence model uncertainty, as it was
seen in real time by the Federal Reserve Board staff. I do this using
forty-six vintages of the Board staff’s FRB/US model, or four per
year, that were actually used for forecasting and policy analysis dur-
ing the period from July 1996 to October 2007, examining how the
model specification, coefficients, databases, and stochastic shock sets
changed from vintage to vintage as new and revised data came in.
The advantage provided is that I can focus on those aspects of model
uncertainty that are germane to policy decisions, using a model that
is used to formulate advice for those decisions.

The relevance of the model is unquestionable: since its introduc-
tion in July 1996, the FRB/US model has been used continuously
for communicating ideas to the Board of Governors and the Fed-
eral Open Market Committee (FOMC). All of the staff’s alternative
scenarios focusing on domestic economic issues during this period
were conducted using the model; forecast confidence intervals are
computed using FRB/US, as are optimal policy exercises that are
presented to the FOMC. In his 1998 monograph on his time as Vice
Chairman of the Federal Reserve Board, Alan Blinder notes (p. 12)
the important role that FRB/US simulations played in guiding his
thinking; and Blinder and Yellen (2001) made extensive use of sim-
ulations of the FRB/US models to explain the boom in the U.S.
economy in the 1990s.

2An illuminating exception to this rule is the paper of Levin et al. (2006),
which uses an estimated DSGE model. Comments on this paper by Walsh
(2006) express doubts that the current generation of DSGE models is sufficiently
advanced to be taken seriously for this purpose.
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Armed with these forty-six vintages of the model, I ask whether
the policy rules that have been promoted as robust in one environ-
ment or another are in fact robust in this real-world context.

The first policy rule I study, and the one that serves as my bench-
mark for comparison, is the familiar Taylor (1993) rule, although I
use parameterizations that are optimal for the model vintages that
are interesting. I also consider three rules that take up the argu-
ment of Orphanides (2001), among others, that the inherent diffi-
culty in conditioning policy on unobservable constructed variables
like output gaps means that policy should eschew feedback on latent
variables altogether. Two candidate rules follow Bennett McCallum
(1988) by keying off of nominal output growth. A nominal output
growth rule establishes a nominal anchor but unlike, say, an inflation-
targeting rule, makes no explicit call on whether shocks are real or
nominal; because of this, it is arguably less susceptible to misspec-
ification of the supply side and of the incidence of supply shocks.
Two rules build off of the finding of Levin et al. (2006) to the effect
that policy should respond to nominal wage inflation instead of price
inflation. In this way, the policymaker pays particular attention to
the labor market, arguably the part of the economy that, from a
neoclassical perspective, is the most distorted.

This paper goes a number of steps beyond previous contributions
to the literature. As already noted, it goes beyond the extant rival
models literature through its novel and efficacious focus on models
that are actually used in a policy environment. It also goes beyond
the literature on parameter uncertainty. That literature assumes
that parameters are random but the model is fixed over time: mis-
specification is simply a matter of sampling error. Model uncertainty
is a thornier problem, in large part because it often does not readily
lend itself to statistical methods of analysis. I explicitly allow the
models to change over time in response not just to the data but to
the economic issues of the day.3 Finally, as already noted, this paper

3There have been a number of valuable contributions to the real-time
analysis of monetary policy issues. Most are associated with data and fore-
casting. See, in particular, the work of Croushore and Stark (2001) and
a whole conference on the subject, details of which can be found at
http://www.phil.frb.org/econ/conf/rtdconfpapers.html. An additional, deeper
layer of real-time analysis considers revisions to unobservable state variables,
such as potential output; Athanasios Orphanides, alone or with co-authors, has
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does all this within a class of possible models that is undeniably
realistic.

The analysis presented herein is, of course, based on the U.S.
economy and the FRB/US model. However, uncertainty, in its var-
ious forms, is of concern for monetary authorities the world over
as it is for other decision makers. Real-time data issues and data
uncertainty more generally have garnered a great deal of attention
in the United Kingdom; see, e.g., Garratt and Vahey (2006) and
Garratt et al. (2007) and references therein. In the euro area, Gian-
none, Reichlin, and Sala (2005) study real-time uncertainty for its
implications for monetary policy.4

The rest of this paper proceeds as follows. The second section
begins with a very brief discussion of the FRB/US model in generic
terms, and the model’s historical archives. The third section com-
pares model properties by vintage. To do this, I document changes
in real-time “model multipliers” and compare them with their ex
post counterparts. The fourth section computes optimized Taylor-
type rules and compares these to commonly accepted alternative
policies in a stochastic environment. The fifth section examines the
stochastic performance of candidate rules for two selected vintages,
the December 1998 and October 2007 models. A sixth and final
section sums up and concludes.

2. Forty-Six Vintages of the FRB/US Model

The FRB/US model came into production in July 1996 as a replace-
ment for the venerable MIT-Penn-SSRC (MPS) model. The main
objectives guiding the development of the model were that it be
useful for both forecasting and policy analysis; that expectations

been at the vanguard of this issue; see, e.g., Orphanides et al. (2000). See also
Giannone, Reichlin, and Sala (2005) for a sophisticated, real-time analysis of the
history of FOMC behavior.

4With regard to fiscal policy, Cimadomo (2008) and Giuliodori and Beetsma
(2008) uncover important implications of real-time data uncertainty and, indi-
rectly, model uncertainty for the measurement of fiscal stance and the conduct
of fiscal policy for the OECD countries and the euro area, respectively. Whole
conferences have been organized just on the need for real-time data for the
euro area; e.g., the Center for Economic Policy Research conference “Needed:
A Real Time Database for the Euro-Area,” June 13–14, 2005, in Brussels
(http://www.cepr.org/meets/wkcn/1/1632/papers/).
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be explicit; that important equations represent the decision rules
of optimizing agents; that the model be estimated and have sat-
isfactory statistical properties; and that the full-model simulation
properties match the “established rules of thumb regarding eco-
nomic relationships under appropriate circumstances,” as Brayton
and Tinsley (1996, p. 2) put it. To address these challenges, the staff
included within the model’s structure an expectations block, and
with it, a fundamental distinction between intrinsic model dynamics
and expectational dynamics. Two versions of expectations forma-
tion were envisioned: VAR-based expectations and perfect foresight,
although mixtures of those two classes of expectations formation can
and have been implemented.

The key features influencing the monetary policy transmission
mechanism in the FRB/US model are the effects of changes in the
federal funds rate on asset prices and from there to expenditures.
From this, long-term real interest rates are determined, which in turn
affect stock prices (and hence private wealth) and exchange rates.
The model’s wage-price block has always shared the same basic fea-
tures: sticky wages and prices, expected future excess demand in
the goods and labor markets that influences price and wage setting,
and a channel through which productivity affects real and nomi-
nal wages. That said, as we shall see, there have been substantial
changes over time in both (what we may call) the interest elasticity
of aggregate demand and the effect of excess demand on inflation.

In this paper, I will be working exclusively with the VAR-based
expectations version of the model. Typically it is the multipliers of
this version of the model that are reported to Board members when
they ask “what-if” questions. This is the version that is used for
forecasting and most of the policy analysis by the Federal Reserve
staff, including, as Svensson and Tetlow (2005) demonstrate, policy-
optimization experiments. Thus, the pertinence of using this version
of the model for the question at hand is unquestionable. What could
be questioned, on standard Lucas critique grounds, is the validity of
the simple-rule optimizations, given that expectations are not fully
rational. However, the period under study is one entirely under the
leadership of a single Chairman, and I am aware of no evidence to
suggest that there was a change in regime during this period. So,
as Sims and Zha (2006) have argued, it seems likely that the per-
turbations to policies encompassed by the range of policies studied
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below are not large enough to induce a change in expectations for-
mation.5 Moreover, in an environment such as the one under study,
where changes in the non-monetary part of the economy are likely
to dwarf the monetary policy perturbations, it seems safe to assume
that private agents were no more rational with regard to their
anticipations of policy than the Federal Reserve staff was about
private-sector decision making.6 In their study of the evolution of
the Federal Reserve beliefs over a longer period of time, Romer and
Romer (2002) ascribe no role to the idea of rational expectations.
Moreover, Rudebusch (2002) shows that issues of model uncertainty
are often of second-order importance in linear rational expectations
models. Thus the VAR-based expectations case is arguably the more
quantitatively interesting one.

There is not the space here for a complete description of the
model. The working paper version of this article contains a more
generous description of model features and a more detailed char-
acterization of economic history over the period under study with
reference to how that history affected the construction of various
model vintages; see also Brayton and Tinsley (1996), Brayton et al.
(1997), Reifschneider, Tetlow, and Williams (1999), and Tetlow and
Ironside (2007).

Since its inception in July 1996, the FRB/US model code, the
equation coefficients, the baseline forecast database, and the list of
stochastic shocks with which the model would be stochastically sim-
ulated have all been stored in model archives, one for each of the
eight forecasts the Board staff conducts every year. Because it is
releases of National Income and Product Accounts (NIPA) data
that typically induce reassessments of the model, I use four archives
per year, or forty-six in total, the ones immediately following NIPA
preliminary releases.7

5The model’s VAR-based expectations code does allow for shifting in the pub-
lic’s perceptions of the long-run real federal funds rate and the target rate of
inflation, but not in the elasticities conditional on those beliefs. See Brayton and
Tinsley (1996) for details.

6A complete set of rational expectations vintages of the FRB/US model does
not exist and, in any case, working with those models is computationally infea-
sible.

7The archives are listed by the precise date of the FOMC meeting in which the
forecasts were discussed. For present purposes, such precision is not necessary, so
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In what follows, I experiment with each vintage of the model,
comparing their properties in selected experiments. Consistent with
the real-time philosophy of this endeavor, the experiments I choose
are typical of those used to assess models by policy institutions
in general and the Federal Reserve Board in particular. They fall
into two broad classes. One set of experiments, model multipliers,
attempts to isolate the behavior of particular parts of the model. A
multiplier is the response of a key endogenous variable to an exoge-
nous shock after a fixed period of time. An example is the response
of the level of output after eight quarters to a persistent increase in
the federal funds rate. The other set of experiments judge the sto-
chastic performance of the model and are designed to capture the
full-model properties under fairly general conditions. So, for exam-
ple, I will compute by stochastic simulation the optimal coefficients
and economic performance of simple rules, conditional on a model
vintage, a baseline database, and a set of stochastic shocks.8

Model multipliers have been routinely reported to, and used by,
members of the FOMC. Indeed, the model’s sacrifice ratio—about
which I will have more to say below—was used in the very first
FOMC meeting following the model’s introduction. Similarly, model
simulations of alternative policies have been carried out and reported
to the FOMC in a number of memos and official FOMC documents.

The archives document model changes and provide a unique
record of model uncertainty. As we shall see, the answers to ques-
tions a policymaker might ask differ depending on the vintage of the
model. The seemingly generic issue of the output cost of bringing
down inflation, for example, can be subdivided into several more
precise questions, including (i) what would the model say is the out-
put cost of bringing down inflation today? (ii) what would the model

I shall describe them by month and year. Thus, the forty-six vintages I use are,
in 1996, July and November; then, typically thereafter the months would be Jan-
uary (but often February), May, August (but occasionally July), and November
(but twice October and once December). Nothing of importance is lost from the
analysis by excluding every second vintage from consideration.

8Each vintage has a set of variables that are shocked for stochastic simu-
lations using bootstrap methods. The list of shocks is a subset of the model’s
complete set of residuals because other residuals are treated not as shocks but as
measurement error. The set of shocks varies with the model vintage according to
vintage-specific variable data construction and the period over which the shocks
are drawn.
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of today say the output cost of bringing down inflation would have
been in December 1998? and (iii) what would the model have said
in December 1998 was the output cost of disinflation at that time?
These questions introduce a time dependency to the issue that rarely
appears in other contexts.

3. Model Multipliers in Real Time and Ex Post

In this section, I consider the variation in real time of selected model
multipliers. In the interest of brevity, I devote space to just three
multipliers. The first is the sacrifice ratio; that is, the cumulative
annualized cost measured in terms of increased unemployment over
five years of permanently reducing the inflation rate by 1 percentage
point. The second is the funds rate multiplier, defined here as the
percentage change in the level of real output after eight quarters
that is induced by a persistent 100-basis-point increase in the nomi-
nal federal funds rate.9 In the parlance of an undergraduate textbook
closed-economy model, these two multipliers represent the slope of
the Phillips curve and the slope of the aggregate demand curve,
respectively. To add an international element, I add an exchange rate
multiplier—specifically, the percentage change in real GDP associ-
ated with a 10 percent appreciation of the trade-weighted exchange
value of the U.S. dollar. The sacrifice ratio is the outcome of a five-
year simulation experiment; the other multipliers are measured in
terms of their effects after eight quarters.

It is easiest to show the results graphically. But before turning
to specifics, it is useful to outline how these figures are constructed
and how they should be interpreted. In all cases, I show two lines.
The solid line is the real-time multiplier by vintage. Each point on
the line represents the outcome of the same experiment, conducted
on the model vintage of that date, using the baseline database at
that point in history. Thus at each point shown by the solid line,
the model, its coefficients, and the baseline all differ. The dashed
line shows what I call the ex post multiplier. The ex post multiplier
is computed using the most recent model vintage for each date; the

9These multipliers could have been defined differently; however, the qualitative
conclusions would be no different for any reasonable alternative.
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Figure 1. Real-Time and Ex Post Sacrifice Ratios,
by Model Vintage

only thing that changes for each point on the dashed line is the ini-
tial conditions under which the experiment is conducted. Because
the multipliers for linear models are independent of initial condi-
tions, examining the dashed line gives an indication of how much
of the time variation shown in the solid line arises from the initial
conditions and associated model non-linearities.

Now let us look at figure 1, which shows the sacrifice ratio.10 Let
us focus on the dashed line first. It shows that for the October 2007
model, the sacrifice ratio is essentially constant over time. So if the
staff were asked to assess the sacrifice ratio, or what the sacrifice
ratio would have been in, say, December 1998, the answer based on
the October 2007 model would be the same: about 3-1/4, meaning
it would take that many percentage-point years of unemployment

10The experiment is conducted by simulation, setting the target rate of inflation
in a Taylor rule to 1 percentage point below its baseline level. The sacrifice ratio
is the cumulative annualized change in the unemployment rate, undiscounted,
relative to baseline, divided by the change in personal consumption expenditure
(PCE) inflation after five years. Other rules may produce somewhat different
sacrifice ratios but the same profile over time.
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to bring down inflation by 1 percentage point. Now, however, look
at the solid line. Since each point on the line represents a different
model, and the last point on the far right of the line is the Octo-
ber 2007 model, the dashed line and the solid line must meet at
the right-hand side in this and all other figures in this section. But
notice how much the real-time sacrifice ratio has changed over the
twelve-year period of study. Had the model builders been asked in
December 1998 what the sacrifice ratio was, the answer based on
the February 1997 model would have been about 2-1/2. Prior to a
revision in mid-2007 that was undertaken expressly, in larger part,
to reduce it, the sacrifice ratio for vintages from 2004 to 2006 was
of the order of 5-1/2, or more than double what it was in the 1990s.

The sacrifice ratio is a crucial statistic for any central bank
model. On the one hand, it describes the cost of bringing down infla-
tion, given that one inherits a higher inflation rate than is desired
because of, say, a supply shock. From this perspective, a high sac-
rifice ratio is a bad thing. On the other hand, a high sacrifice ratio
reflects a flat Phillips curve; that is, shocks to aggregate demand
of a given magnitude will elicit smaller changes in inflation than
otherwise. From this perspective, a high sacrifice ratio is a good
thing. Which effect dominates depends on the incidence of supply
and demand shocks.

The primacy of the model’s sacrifice ratio to policy debates is
clear from FOMC transcripts. It was, for example, a topic of dis-
cussion at the first FOMC meeting following the introduction of
the model.11 Similarly, the February 1, 2000 meeting of the FOMC
produced this exchange between Federal Reserve Bank of Minneapo-
lis President Gary Stern and then FOMC Secretary (subsequently
Federal Reserve Board Vice Chairman) Donald Kohn:12

Mr. Stern: Let me ask about the Bluebook [FRB/US model
simulation] sacrifice ratio. I don’t know what your credibility
assumption is, but it seems really high.

11See http://www.federalreserve.gov/monetarypolicy/files/FOMC19960703
meeting.pdf for a transcript of the July 2–3, 1996 meeting of the FOMC, pp.
42–47.

12Transcript, FOMC meeting, February 1, 2000, pp. 41–2. Available at http://
www.federalreserve.gov/monetarypolicy/files/FOMC20000202meeting.pdf.
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Mr. Kohn: It is a little higher than we’ve had in the past, but
not much. It is consistent with the model looking out over the
longer run. It is a fairly high sacrifice ratio, I think, compared
to some other models, but it is not out of the bounds.

Kohn was clearly aware that the model’s sacrifice ratio had
undergone some change and was rightfully cognizant of how it
compares against alternative models. As it happens, the increases
already incurred in the sacrifice ratio were only the beginning.

The climb in the model sacrifice ratio is striking, particularly as it
was incurred over such a short period of time among model vintages
with substantial overlap in their estimation periods. Of particular
note is the sizable jump in the sacrifice ratio in late 2001 which
arose when the staff began estimating the wage and price equations
simultaneously, together with other equations to represent the rest
of the economy, including a Taylor rule for policy. One might be
forgiven for thinking that this phenomenon is idiosyncratic to the
model under study. But other work shows that this result is not a
fluke.13 At the same time, as I have already noted, the model builders
did incorporate shifts in the NAIRU (and in potential output), but
found that leaning exclusively on this one story for macroeconomic
dynamics in the late 1990s was insufficient. Thus, the revealed view
of the model builders contrasts with the idea advanced by Staiger,
Stock, and Watson (2001), among others, that changes in the Phillips
curve are best accounted for entirely by shifts in the natural rate
of unemployment. Toward the end of the decade, a reduction in
the sacrifice ratio became an important objective of the specifica-
tion and estimation of the model’s wage-price block; success on this
front was achieved through respecification of how long-term inflation
expectations evolve over time.

13In particular, the same phenomenon occurs to varying degrees in simple
single-equation Phillips curves of various specifications using both real-time and
ex post data. One paper along these lines is Atkeson and Ohanian (2001). Prim-
iceri (2005) estimates a time-varying VAR model to uncover substantial shifts
in the time-series behavior of inflation. Cogley and Sargent (2005) estimate
three Phillips-curve models simultaneously and apply Bayesian decision theory
to explain why the Federal Reserve did not choose an inflation-stabilizing policy
before the Volcker disinflation; that paper also finds substantial time variation in
the output cost of disinflation.
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Figure 2. Funds Rate Multipliers, by Model Vintage

Figure 2 shows the funds rate multiplier; that is, the percentage
decrease in the level of real GDP after eight quarters in response
to a persistent 100-basis-point increase in the funds rate. In this
instance, the dashed line shows important time variation: the ex
post funds rate multiplier varies with initial conditions; it is largest,
in absolute terms, at about 1.6 percentage point in late 2000, and
lowest at the beginning and at the end of the period, at about 1
percent. The non-linearity stems entirely from the specification of
the model’s stock market equation, which is written in levels, rather
than in logs, a feature that makes the interest elasticity of aggregate
demand an increasing function of the ratio of stock market wealth
to total wealth. The mechanism is that an increase in the funds rate
raises long-term bond rates, which in turn bring about a drop in
stock market valuation operating through the arbitrage relationship
between expected risk-adjusted bond and equity returns. The larger
the stock market, the stronger the effect.14

14The levels relationship of the stock market equation means that the wealth
effect of the stock market on consumption can be measured in the familiar “cents
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The real-time multiplier, shown by the solid line, is harder to
characterize. Two observations stand out. The first is the sheer
volatility of the real-time multiplier. In a large-scale model such
as the FRB/US model, where the transmission of monetary policy
operates through a number of channels, time variation in the interest
elasticity of aggregate demand depends on a variety of parameters.
Second, the real-time multiplier is almost always smaller than the ex
post multiplier. The gap between the two is particularly marked in
2000, when the business cycle reached a peak, as did stock prices. At
the time, concerns about possible stock market bubbles were ram-
pant. One aspect of the debate between proponents and detractors
of the active approach to stock market bubbles concerns the feasi-
bility of policy prescriptions in a world of model uncertainty.15 The
considerable difference between the real-time and ex post multipliers
during this period demonstrates the difficulty in carrying out histor-
ical analyses of the role of monetary policy; today’s assessment of
the strength of those monetary policy actions can differ substantially
from what the FRB/US model implied in real time.

The final multiplier covered here is the effect of a sustained 10
percent appreciation of the real exchange value of the U.S. dollar
on real output in the United States. The striking change in 1998 in
figure 3 corresponds with a shift from a G10 aggregate of trade
weights for foreign indexes to a G29 aggregate. The subsequent
reversal began with a shift to chain weighting of domestic price
indexes in 1999:Q3. In any case, without belaboring the details, the
salient fact to take from this figure and others like it that are not
shown here is first and foremost the variability of the elasticities.16

To summarize this section, real-time multipliers show substantial
variation over time, and differ considerably from what one would

per dollar” form (of incremental stock market wealth). Also playing a role is the
log-linearity (that is, constant elasticity) of the relationship between wealth and
consumption.

15The “active approach” to the presence of stock market bubbles argues that
monetary policy should specifically respond to bubbles. See, e.g., Cecchetti et al.
(2000). The passive approach argues that bubbles should affect monetary policy
only insofar as they affect the forecast for inflation and possibly output. They
should not be a special object of policy. See Bernanke and Gertler (1999).

16The working paper version of this article shows and discusses another open-
economy multiplier, namely the pass-through non-oil import prices into PCE
price inflation. See also Tetlow and Ironside (2007).
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Figure 3. Real Exchange Rate Multipliers,
by Model Vintage

say ex post the multipliers would be. Moreover, the discrepancies
between the two multiplier concepts have often been large at critical
junctures over the period under study from 1996 to 2007. It follows
that real-time model uncertainty is an important problem for pol-
icymakers. The next section quantifies this point by characterizing
optimized policies, and their time variation, conditional on these
model vintages.

4. Monetary Policy in Real Time

4.1 The Rules

I seek rules that are simple, robust, and effective. In the current
context, a monetary policy rule can be described as robust if (i) the
optimized policy coefficients do not differ in important ways across
models or (ii) the performance of the economy does not depend in an
economically important way on rule parameterization. A robust pol-
icy rule can also be described as effective if (iii) it performs “well,”
relative to some benchmark policy rule.
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A popular simple monetary policy rule is the canonical Taylor
(1993) rule. One reason the Taylor rule is advocated for monetary
policy is because of its simplicity in that it calls for feedback on
only those variables that are central in a broad class of models; see,
e.g., Williams (2003) for an argument along these lines. And indeed
many central banks use Taylor rules, or rules much like them, in the
assessment of monetary policy and for formulating policy advice,
including in the Board staff’s presentations of policy options for the
FOMC. In the U.S. case, Giannone, Reichlin, and Sala (2005) show
that the good fit of simple two-parameter Taylor-type rules can be
attributed to the small number of fundamental factors driving the
U.S. economy; that is, the two arguments that appear in Taylor rules
encompass all that one needs to know to summarize monetary policy
in history. In what follows, I will use the Taylor rule, appropriately
parameterized, as my benchmark for comparison.

Taylor rules have their detractors. Much of the earlier work on
robust policy rules has focused on the importance of estimation and
misperception of potential output and the associated mismeasure-
ment of the output gap.17 Accordingly, some of the rules I con-
sider are those that have been suggested as prophylactics for this
problem. In other instances, it is a broader class of latent variables
that have been the object of concern. For example, the productivity
boom in the United States in the second half of the 1990s brought
about misperceptions not just of the level of the output gap but
also of potential output growth going ahead; these concepts in turn
have a bearing on the equilibrium real interest rate since in all but
the smallest of open economies, the equilibrium real interest rate is
determined, in part, by the steady-state growth rate of the economy.
The two problems are related but different. Mismeasurement of the
level of potential output, by itself, induces only a stationary error
process. Missing a shift in the growth rate of potential represents a
more persistent error that affects a wider range of variables, includ-
ing the equilibrium real interest rate. Accordingly, some of the rules I
consider below are intended to address the latter, more complicated,
problem.

17See, e.g., Orphanides et. al. (2000), Orpanides (2001), and Ehrmann and
Smets (2003).
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The simple rules employed for this paper are summarized in table
1. In this section, I provide brief descriptions of their features. Most
of the analysis is restricted to a class of optimized two-parameter
policy rules. This keeps the rules on equal footing in that it is to be
expected that adding extra optimized parameters should improve
performance, at least for a given model. It also keeps computational
costs to a manageable level. Nevertheless, as a check against pos-
sible idiosyncrasies in results, I do consider a limited number of
three-parameter specifications.

4.1.1 Two-Parameter Policy Rules

The first rule is the familiar Taylor rule which, for short, I will often
refer to as “TR.” As indicated in the first row of table 1, and in
the accompanying notes to the table, the rendition used here differs
slightly from Taylor (1993) in that I allow the coefficients to dif-
fer depending on the simple-rule optimization discussed below, and
I permit the “equilibrium” real rate, rr∗, to vary over time rather
than fix it to the constant value of 2 used in the original. Also, in
keeping with FOMC practice, the inflation rate used in the rule is
the (four-quarter) PCE inflation rate rather the GDP deflator.

In my first bow to the output-gap mismeasurement problem, I
also study an inflation-targeting rule (IT); that is, a rule that eschews
feedback on the output gap altogether in order to avoid problems
from the sort of data and conceptual revisions described in section
2 above, as suggested by Orphanides (2001). For this rule and sev-
eral others, I allow for instrument smoothing, with the parameter
αr, and allow the term (1 − αr)(.) to pick up the steady-state level
of the real interest rate.18 In addition to IT, I investigate a price-
level targeting counterpart of the same specification, PLT, where it
should be understood that p∗

t need not be a fixed number; it could
instead be (and, for us, is) a predetermined trending path for the

18In nearly all works on optimized rules, the steady-state terms are omitted for
two reasons: first, the models used are linear, so the steady state can be taken as
zero; and second, no allowance is made for shifting steady states. (An exception
is Orphanides and Williams 2002, who specifically consider rr∗ that shift over
time.) Because I am using real models with real databases, and I am considering
persistent deviations from steady state—indeed arguably this is a large part of
the problem of interest—I need to retain these steady-state terms.
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(log of the) price level such that successful targeting renders a pos-
itive average rate of inflation. The important distinction between a
price-level target and an inflation target is that in the event of an
inflation surprise, a price-level targeting regime is obliged not just
to bring inflation back down to the target level but to bring inflation
below target for a time in order to return the price level to its target
path.

I will also analyze a Taylor-type rule that substitutes the change
in the unemployment rate for the traditional output gap in order
to allow a real variable to enter the rule while still minimizing the
effects of misperceptions of potential output; see, e.g., Orphanides
and Williams (2002). Notice that this rule, designated “DUR,” is
written in the first difference of the funds rate, a configuration that
eliminates the need to condition on the equilibrium real interest
rate. As such, the DUR takes a step towards insulation against per-
sistent shocks to productivity and associated mismeasurements of
rr∗.

Another much-touted rule is the nominal output growth rule,
along the lines suggested by Bennett McCallum (1988) and revisited
by Dennis (2001) and Rudebusch (2002). Its purported advantage is
that it parsimoniously includes both prices and real output growth
but without taking a stand on the split between the two; for this
reason it is said to be able to withstand productivity shocks. Detrac-
tors note that because output typically leads inflation, responding
to the sum of the two is not as obviously beneficial as presumed and
that fluctuations in productivity growth will imply that the infla-
tion rate is not pinned down, even in the long run. I experiment
with two versions. The first is designated with the rubric “YN1,”
follows the formulation of McCallum and Nelson (1999), and nests
the versions studied by Rudebusch (2002). However, because YN1
embodies output growth within its specification, albeit with its coef-
ficient restricted to equal that of GDP price inflation, but not a
term for the level of resources utilization, I augment the analysis
by including a second version, YN2, which has the virtue of being
identical to TR except that nominal output growth substitutes for
inflation.

I also pick up on the finding of Levin et al. (2006) that a policy
that responds to nominal wage inflation (WN1) instead of nominal
price inflation performs well across a range of microfounded models.
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In this way, the policymaker pays particular attention to that part
of the economy that, from a neoclassical perspective, is arguably
the most distorted. Like the nominal output growth targeting rule,
because wage setting is supposed to reflect both price inflation and
labor productivity, the nominal wage growth rule also has the merit
of implicitly incorporating changes in trend productivity. Finally, to
close the summary of two-parameter rules, in parallel fashion to my
nominal output rules, I consider a second version of the nominal
wage growth rule, WN2, that replaces the lagged instrument with
the output gap.

4.1.2 Three-Parameter Policy Rules

As noted, the benchmark against which all my rules are to be com-
pared is the optimized version of the Taylor rule. It is possible,
however, that the two-parameter Taylor rule is too parsimonious to
adequately respond to the myriad economic disturbances to which
the economy is subjected. In order to address this possibility, I also
explore an inertial Taylor rule—let us call it “TRI.” This rule is the
most commonly studied extension on the static Taylor rule; Williams
(2003) argues that the inclusion of the lagged instrument can pro-
vide significant benefits in terms of economic outcomes in linearized
New Keynesian models; see also English, López-Salido, and Tetlow
(2013).

Lastly, acknowledging that persistent shocks to productivity may
shift the equilibrium real interest rate, it seems prudent to consider
conditioning policy specifically on potential output growth. At the
same time, to be realistic, one should use not ex post measures of
potential growth but rather the estimates that modelers were work-
ing with in real time. This can be done using the rule shown in
the penultimate line of the table, called the potential growth rule
(DY*), where Δy∗ is the vintage-consistent estimate of potential
output growth. The terms rr∗ and αY ∗Δy∗ together can be taken
as a reworked estimate of the equilibrium real rate, one that corrects
for changes in potential output growth.

Together, these rules encompass a broad range of the rules that
have been proposed as robust to model misspecification, and do so
in a generic way in that their arguments do not depend on idiosyn-
crasies of the FRB/US model.
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4.2 The Policy Problem

Formally, a policy rule is optimized by choosing the parameters,
Φ, within the policy rule, r = Φ(x), where Φ = {αi, αj , αk}
i, j, k ∈ {π, y, rt−1,Δy∗,Δyn, Δu, Δw}, i �= j �= k, to minimize a
loss function, subject to a given model vintage, x = f(·), and a
given set of stochastic shocks, Σ. In the present case, this is written
in generic terms as

MIN
〈Φ〉

T∑

i=0

βi
[(

πt+i − π∗
t+i

)2 + λy

(
ut+i − u∗

t+i

)2 + λΔr(Δrt+i)2
]

(1)

subject to

xt = f(xt, . . . xt−m, zt, . . . zt−n, rt, . . . rt−p) + vt m, n, p � 0 (2)

and

Σv = v ′v , (3)

where u is the unemployment rate, u∗ is the vintage-consistent esti-
mate of the natural rate of unemployment, r is the federal funds rate,
x is a vector of endogenous variables, and z is a vector of exogenous
variables, both in logs, except for those variables measured in rates.
Note that π, y, y∗, u, r, rr∗, w, yn ∈ x while π∗, u∗ ∈ z.19 In princi-
ple, the loss function, (1), could have been derived as the quadratic
approximation to the true social welfare function for the FRB/US
model. However, it is technically infeasible for a model the size of
FRB/US. That said, with the possible exception of the term penal-
izing the change in the federal funds rate, the arguments to (1) are

19The intercept used in the policy rules, where applicable, designated rr∗, is
a medium-term proxy for the equilibrium real interest rate. It is an endogenous
variable in the model. In particular, rr∗

t = (1 − γ)rr∗
t−1 + γ(rnt − πt), where r is

the federal funds rate, and γ = 0.05. As a robustness check, I experimented with
adding a constant in the optimized rules in addition to rr∗ and found that this
term was virtually zero for every model vintage. Note that relative to the classic
version of the Taylor rule where rr∗ is fixed, this alteration biases results in favor
of good performance by this class of rules.
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standard.20 The penalty on the change in the funds rate may be
thought of as representing either a hedge against model uncertainty
in order to reduce the likelihood of the federal funds rate entering
ranges beyond those for which the model was estimated, or as a pure
preference of the Committee. Whatever the reason for its presence,
the literature confirms that some penalty is needed to explain the
historical persistence of monetary policy; see, e.g., Sack and Wieland
(2000).

The optimal coefficients of a given rule are a function of the
model’s stochastic shocks, as equation (3) indicates.21 The opti-
mized coefficient on the output gap, for example, represents not
only the fact that unemployment rate stabilization—and hence, indi-
rectly, output-gap stabilization—is an objective of monetary policy,
but also that in economies where demand shocks play a significant
role, the output gap will statistically lead changes in inflation in the
data; so the output gap will appear because of its role in forecasting
future inflation. However, if the shocks for which the rule is opti-
mized turn out not to be representative of those that the economy
will ultimately bear, performance will suffer. As we shall see, this
dependence will turn out to be significant for the results.

4.3 Computation

Solving a problem like this is easily done for small, linear models;
FRB/US, however, is a large, non-linear model. Given the size of the
model, and the differences across vintages, I optimized the policy
rule coefficients employing a sophisticated derivative-free optimiza-
tion procedure with distributed processing. Specifically, each vintage
of the model is subjected to bootstrapped shocks from its stochastic
shock archive. Historical shocks from the estimation period of the
key behavioral equations are drawn.22 In all, 1,500 draws of eighty

20Qualitatively speaking, the results are the same if the output gap is substi-
tuted for the unemployment gap in (1), provided the proper normalization of the
weight is taken to account for the relative size of unemployment gaps and output
gaps over the business cycle.

21The rules will be optimal in the relevant class, conditional on the stochastic
shock set, (3), under anticipated utility as defined by Kreps (1998).

22The number of shocks used for stochastic simulations has varied with the
vintage, and generally has grown. For the first vintage, forty-three shocks were
used, while for the November 2003 vintage, seventy-five were used.
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periods each are used for each vintage to evaluate candidate param-
eterizations. The target rate of inflation is taken to be 2 percent
as measured by the annualized rate of change of the personal con-
sumption expenditure price index.23 The algorithm is described in
detail in Gray and Kolda (2004) and Kolda (2004); here I provide
just a thumbnail sketch. In the first step, the rule is initialized with
a starting guess; that guess and some neighboring points are evalu-
ated. In the case of two-parameter rules, I need only investigate four
neighboring points: higher and lower, by some step size, for each of
the two parameters, with the initial guess in the middle. The loss
function is evaluated for each of the five points, and the one with the
lowest loss becomes the center of the next cluster of five points. As
the five points become less and less distinguishable from one another,
the step size is reduced until the convergence criterion is satisfied.

Optimization of a two-parameter policy rule using a single Intel
Xeon 2.8 GHz machine can take over ten hours, depending on the
rule; distributed processing speeds things up. Because this exercise
is computationally intensive, I am limited in the range of preferences
I can investigate. Accordingly, I discuss only one set of preferences:
equal weights on output, inflation, and the change in the federal
funds rate. This is the same set of preferences that have been used in
optimal policy simulations carried out for the FOMC; see Svensson
and Tetlow (2005).

5. Results

5.1 The Taylor Rule

Let us begin with the Taylor rule (TR). In this instance, I provide
a full set of results—that is, optimized parameters for each of the
forty-six vintages; later I will narrow the focus. The results are best
summarized graphically. In figure 4, the solid line is the optimized
coefficient for the TR on inflation, απ, while the dashed line is the
feedback coefficient on the output gap, αY . Perhaps the most note-
worthy observation from figure 4 is the distinct upward creep, on
average, in both parameters. The inflation response coefficient never

23For these experiments, any reasonable target will suffice since the stochastic
simulations effectively randomize over initial conditions.
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Figure 4. Optimized Coefficients of the Taylor Rule,
by Vintage

actually gets very large: it starts out quite low, and only in the new
century does it climb above the 0.5 percent level of the canonical
Taylor (1993) rule. The rise over time in the output-gap coefficient
is more impressive. It too starts out low, with the first vintage in July
1996 at about 0.1, but then rises more or less steadily thereafter—
the late-1999 dip aside—reaching values generally above 1 with the
later vintages.24

The sharp increase in the gap coefficient in 2001 coincides
with the inclusion of a new investment block which, in conjunc-
tion with changes to the supply block, tightened the relation-
ship between supply-side disturbances and subsequent effects on
aggregate demand, particularly over the longer term.25 The new

24There is also a sharp jump in the gap coefficient over the first two quarters of
2001. One might be tempted to think that this is related to the jump in the sacri-
fice ratio, shown in figure 1. In fact, the increase in the optimized gap coefficient
precedes the jump in the sacrifice ratio.

25In essence, the linkage between a disturbance to total factor productivity
(TFP) and the desired capital stock in the future was clarified and strengthened
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investment block, in turn, was driven by two factors: the earlier
inclusion by the Bureau of Economic Analysis of software in the
definition of equipment spending and the capital stock, and associ-
ated enhanced appreciation on the part of the staff of the impor-
tance of the ongoing productivity and investment boom. In any
case, while the upward jump in the gap coefficient stands out, it
bears recognizing that the rise in the gap coefficient was a continual
process.

The point to be taken from figure 4 is that the time variation
in model properties, described in section 3, carries over into sub-
stantial variation in the optimized TR policy parameters. At the
same time, it is clear that time variation in the multipliers is not the
sole reason why optimized TR coefficients change. In fact, changes
in the stochastic structure of the economy are also in play. To the
extent these differences in optimized parameters, conditional on the
stochastic shocks, imply significant differences in economic perfor-
mance, I can say that model uncertainty is a significant problem.
I can examine this question by comparing the performance of the
optimized TR against other plausible parameterizations. For this
exercise and nearly all that follow, I narrow the focus to just two
vintages: the December 1998 vintage and the October 2007 vintage.
(The optimized Taylor-rule coefficients associated with these vin-
tages are indicated in the figure by the gray bars.) These particular
vintages were chosen because they were far apart in time, thereby
reflecting as many different views of the world as this environment
allows, and because their properties are among the most different of
any in the set.

In the next section I examine the implications for economic per-
formance of the TR and the other optimized simple rules for two
selected model vintages.

5.2 Optimized Rules and Performance

5.2.1 Two-Parameter Rules

To this point, I have compared model properties and optimized poli-
cies but have had nothing directly to say about performance. This

so that an increase in TFP that may produce excess supply in the very short run
can be expected to produce an investment-led period of excess demand later on.
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section fills this void. I consider the performance, on average, of
the model economies under stochastic simulation. I also expand the
study to encompass the wider range of simple rules introduced in
sections 4.1.1 and 4.1.2. At the same time, in order to make the
computational costs feasible, I focus on results for the two selected
vintages. Table 2 shows the performance for the complete set of two-
parameter rules. The table is divided into two sections, one for each
of the December 1998 and October 2007 vintages. In both sections,
losses have been normalized on the performance of the optimized
Taylor rule so that the efficacy of other rules can be interpreted as
multiples of the TR loss.

Before delving into the numbers, it is useful to recall that the
results in this table pertain to monetary authorities that under-
stand the nature of the economy they control, including the shocks
to which the economy is subject. That is, I am setting aside, for
the moment, the issue of model uncertainty, which I take up in the
next section. With this in mind, let us focus for the moment on the
optimized parameters and normalized losses for the December 1998
vintage shown in table 2. The results show, first, why the TR has
been a popular specification for policy design: it renders a very good
performance with losses that are lower than nearly all of the alter-
natives. The one rule that outperforms TR is WN2, shown on line 8,
which is identical to the Taylor rule but replaces price inflation with
wage inflation. This rule is a version of the rule championed by Levin
et al. (2006) on the grounds that in many models, it is wages that
are the source of most nominal stickiness. It is not simply feedback
on wages that is important to this result, however; the performance
of WN1, on line 7, shows that a rule that replaces price inflation
with wage inflation as the nominal anchor, but omits direct feed-
back on the output gap in favor of persistence in funds rate setting
through the presence of a lagged funds rate, is the worst rule among
those shown. There are other rules that are not far behind the TR
in terms of performance, including the (change in) unemployment
rate rule, DUR, line 4, with a loss only of 19 percent more than the
Taylor rule, and the price-level targeting rule, line 3, which carries
a loss only slightly above that of the Taylor rule. This latter result
may seem familiar to results seen elsewhere that show strong perfor-
mance of price-level targets. However, to the best of my knowledge,
prior results have been exclusively for linear rational expectations
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models where the powerful role of expectations in strengthening the
error-correcting properties of such rules is paramount. That good
performance arises from a price-level target under the VAR-based
expectations approach is remarkable. Of related interest is the fact
that the price-level rule significantly outperforms the IT rule. Infla-
tion targeting allows “bygones to be bygones” in the control of the
price level, whereas price-level errors have to be reversed in price-
level targeting regimes. Reversing price-level errors is a good thing
when agents know that the central bank will do this, because antic-
ipated reversals of the price level implies strongly anchored expec-
tations for the inflation rate. When expectations are “boundedly
rational,” however, the conventional wisdom has been that bring-
ing the price level back to some predetermined path will be all cost
and no benefit. We see here that this is not so for the VAR-based
expectations of the FRB/US model.

More generally, the performances of the other rules are not
greatly different from the Taylor rule; as noted, the WN1 performs
the worst, but its loss is only about 1-1/2 times that of the TR,
not a good performance but not disastrous either. Evidently, con-
trolling the economy of the December 1998 vintage is a relatively
straightforward task.

Let us turn now to the far-right columns, where parallel results
are shown for the October 2007 vintage. Here, once again, the TR
does pretty well, on average, but in this instance there are two rules
that do better, the price-level rule and the DUR. I have already
noted that parameterizations of these rules did well in the Decem-
ber 1998 vintage. In addition, two other rules also performed almost
as well as the TR: the YN2 and WN2. These rules share two impor-
tant features. First, they employ feedback on a nominal variable
that attempts to correct, albeit indirectly, for trend productivity
growth and errors in its measurement. Second, they maintain feed-
back on the output gap. Thus, notwithstanding the mismeasurement
issues associated with persistent changes in productivity growth,
feedback on the output gap, which is subject to errors in produc-
tivity levels, is still beneficial, as can be seen by comparing line
6 with line 5, on the one hand, and line 8 with line 7, on the
other. In other words, these two rules produce good results but
not entirely for the reasons for which these rules were originally
advocated.
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The last word on this section of the table concerns, once again,
the inflation-targeting rule, IT. Its performance controlling the Octo-
ber 2007 vintage could fairly be described as terrible, at 4-1/2 times
the loss of the Taylor rule. Qualitatively, this is similar to the results
for the December 1998 vintage, but quantitatively much worse. The
reasons for this stem from the forementioned tightening of the link-
ages between the supply block of the model and subsequent aggre-
gate demand fluctuations, together with the nature of the shocks
that were incurred during the period over which the two rules are
optimized. The rules for the December 1998 vintage are conditioned
on shocks from 1981 to 1995, while the October 2007 vintage is
conditioned on shocks from 1988 to 2002. The former period was
dominated by garden-variety demand shocks, whereas the latter had
large and persistent disturbances to aggregate supply—in particu-
lar, the productivity boom of the second half of the 1990s. Moreover,
many of the key shocks borne during the more recent period were
larger than was the case in the earlier period.26 An implication of
productivity booms is that they disrupt the “normal” time-series
relationship between output (or employment) and inflation: when
output fluctuations are dominated by demand shocks, and prices
are sticky, output will statistically lead inflation, and the optimized
parameters of rules like the Taylor rule will reflect that relationship.
When demand shocks are the prevalent force behind output fluctu-
ations, there is no dilemma for monetary policy: stabilizing output
and stabilizing inflation are simultaneously achievable because they
are more or less the same thing. It follows that policy can feed back
on output (or its proxies) or inflation, and achieve good results either
way. However when supply shocks drive cycles, inflation and output
will tend to move in opposite directions, setting up a dilemma for
the policymaker. Under these circumstances, responding to output
and to inflation are no longer good substitutes for the purposes of

26This argument will clash with the intuition of readers familiar with the liter-
ature on the Great Moderation which suggests that shocks are smaller than they
once were. The explanation is twofold: first, the period we are dealing with here
is much shorter and has smaller residuals in both data sets. Just as important
perhaps is a fallacy in the construction of the residuals in many studies that allege
that shocks are smaller recently. The regressions from which these conclusions are
drawn allow either a time trend or a free constant so that persistent supply-side
shocks are mopped up in these terms.
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minimizing losses, and responding strictly to inflation is insufficient
for controlling output.

5.2.2 Three-Parameter Rules

Table 3 tests the appropriateness of using the two-parameter Taylor
rule, TR, as the benchmark by considering the simple extensions
noted in section 4.1.2. In particular, the second row of the table
shows that the performance of the Taylor rule extended to allow an
optimized parameter on the lagged instrument—that is, the inertial
Taylor rule, TRI—renders only slightly better performance than the
TR itself, for either vintage. Moreover, the attempt through the use
of a productivity growth term in the DY* fares worse, as shown in
the third line.27 The final two lines of the table exhibit the advan-
tage of allowing feedback on the lagged instrument relative to the
YN2.

This is the one case where adding the lagged instrument to a
rule that already has a nominal anchor variable and an aggregate
demand term pays off in a significant way. Still, none of these rules
do markedly better than the Taylor rule despite the advantage of
an added parameter. I conclude that using the Taylor rule as the
benchmark is not erecting a straw man. Thus, I am satisfied that
focusing attention, henceforth, on two-parameter policy rules is a
suitable restriction.

My goal in this paper has been to uncover policies that are
both effective and robust across models. To this point, I have
identified rules that, when properly specified, perform well in con-
texts where they should perform well; that is, they are effective.
The ones that do not—the inflation-targeting rule, and nominal
income and wage growth rules that include the lagged instrument
as their second argument—are not candidates as robust performers.
Whether the effective rules are also robust is the subject of the next
section.

27It should be the case that the addition of an added parameter cannot do
worse than the best two-parameter rule. The contradictory result shown in the
table is an artifact of occasional crashes in the optimization algorithm owing to
the instability of the extended rule. Still, the instability of rule is, itself, a warning
against such a rule.
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6. Robustness

I now turn to the principal issue, the robustness of optimized poli-
cies to model misspecification. The thought experiment is to imag-
ine a policymaker who believes she is controlling the December
1998 economy model, but in half of the instances I discuss below,
it turns out that it is the October 2007 vintage that is the true
model. Those results are presented in table 4. Then, in table 5,
I reverse the exercise by having our central banker assume she is
controlling the October 2007 vintage, but it turns out that half
of the time, it is the December 1998 vintage that is the correct
model.

The same eight two-parameter rules as before are considered, for
two vintages, comprising sixteen parameterizations. I subject both
of these models to the same set of stochastic shocks as in the opti-
mization exercise, for each candidate rule. As before, I am mostly
interested in normalized losses where the normalization sets the
loss under the appropriate optimized TR policy to unity (although
I do show the absolute losses, for completeness). Before proceed-
ing with the results, it is worth recalling, at the risk of oversim-
plification, that the December 1998 vintage is a model that sees
the U.S. economy as being relatively stable and easy to control:
rule parameterizations that are optimal for the December 1998 vin-
tage are generally less aggressive than their October 2007 counter-
parts.

Beginning with the TR, where the normalized loss is unity by
definition, we see that a policymaker who uses the October 2007
parameterization of that rule incurs losses about two-thirds higher
than what she could have achieved had she known the true model;
the Taylor rule is not particularly robust in this sense. The inflation-
targeting rule, not a particularly good performer at the best of cir-
cumstances, is disastrous when misspecified, as shown on line 4.
Among the top performers—at least when the true economy turns
out to be the December 1998 vintage—are the price-level rule, lines
5 and 6; the change-in-unemployment rule, lines 11 and 12; and the
wage growth rule that includes the gap, WN2, lines 15 and 16. Each
of these rules performs at least as well as the Taylor rule when mis-
specified, and provides performance that is close to that of the TR
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when properly specified.28 The YN2 is not far off the mark set by
the optimized Taylor rule.

Table 5 turns the exercise around by considering the case where
the October 2007 vintage turns out to be the correct one. Misspeci-
fication of the Taylor rule is more costly here: the deterioration rel-
ative to the best policy parameterization is 80 percent. Once again,
the TRI performs very poorly, while most of the rules that do include
feedback on the output gap—the Taylor rule, the price-level rule,
one of the nominal output rules, and the change-in-unemployment
rule—all perform well. The one notable exception to the conclusion
that feedback on the output gap is always a good thing is the WN2,
where misspecification of the rule, as in line 16, results in large losses
relative to the TR and most alternatives to it. Even here, though,
it seems that it is feedback on wage growth that is the key to this
result, as the rules in lines 13 and 14, which respond to wage growth
and the lagged instrument, but not the output gap, perform even
worse. What this tells us is that while a wage growth rule can turn
in a very good performance, as it does when paired with the output
gap on line 15, a good calibration is critical to its performance; the
rule is not robust.

The PLT turns in an even stronger performance for the Octo-
ber 2007 vintage than it did for the December 1998 one. This result
obtains notwithstanding that the parameterizations of the two rules
differ significantly: the feedback parameters on the output gap are
1.14 and 0.46. As in rational expectations models, an important
contribution to economic performance under this rule is that con-
straining the drift in the price level anchors inflation fluctuations. In
both vintages of the FRB/US model, keeping inflation in check also
limits cycling in long-term expected inflation. The stability of long-
term inflation expectations reinforces the stabilizing force of policy,
making output stabilization less critical than would otherwise be the
case.

This case contrasts sharply with the change-in-unemployment
rule, DUR. For this rule, feedback on inflation itself is slight at 0.08

28If I was to take a Bayesian perspective on this and assume that the two
vintages are equally probable, the average values of the losses from the PLT,
the DUR, and the YN2 are all less than that of the Taylor rule, for this model
vintage.
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Figure 5. Optimized Coefficient of the
Change-in-Unemployment Rule, by Model Vintage

and 0.16. But feedback on the change in the unemployment rate
is vigorous: –3.60 and –2.52. Thus, aggressively tempering fluctua-
tions in unemployment is substituting for inflation (and price-level)
control. The fact that the DUR is written in the first difference of
the instrument, and therefore does not depend on estimates of the
equilibrium real rate of interest, is also a factor; this means that the
instrument can find the right level even when a productivity shock
changes what that level should be. The DUR is the one rule of which
I am aware that was tested, by Orphanides and Williams (2002), in
an environment that allowed for persistent, unobserved shocks to
the “natural rate of interest,” and was found to execute well.

The results for DUR in tables 4 and 5 suggest that it could be
a robust rule. However, a closer look at the robustness of DUR is
achievable by computing its optimized parameters for all vintages.
The results of this exercise are shown in figure 5.

The figure shows that the coefficient on inflation, the solid line,
is never much above zero, regardless of the vintage. By contrast,
the coefficient on the change in the unemployment rate, the dashed
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line, jumps around somewhat with perhaps a slight tendency to
increase, in absolute terms, over time. The range over the complete
set of vintages for the coefficient on the change in the unemploy-
ment rate spans from a low of −1.4 for the November 1999 vintage
to a high of −4.2 for the August 2007 vintage, considerably wider
than the range encompassed by the December 1998 and October
2007 vintages, shown by the gray bars. The computations underly-
ing figure 5 allow us to expand on the robustness analysis of tables
4 and 5 while focusing on the unemployment rate rule. This is done
in table 6, where I consider the performance of the most extreme
parameterizations of the rule in the two benchmark vintages.

The table shows that when either of the benchmark models is
governed by the most extreme parameterization of the DUR rule, the
small absolute coefficient on the (change in the) unemployment rate
in the November 1999 vintage, the deterioration in control increases
the loss relative to the best possible parameterization by a bit over
50 percent, as shown on line 2 of the table. The parameterization
that rendered the largest coefficient on the change in the unemploy-
ment rate, the August 2007 vintage, gave coefficients that are not
much different from the (chronologically close) October 2007 vin-
tage. Thus lines 3 and 4 of the table are similar. Incremental losses,
relative to the best possible DUR parameterization, of 50-some per-
cent, are not particularly large in comparison with the results in
tables 4 and 5.

7. Concluding Remarks

For central banks, the appropriate design of monetary policy under
uncertainty is a critical issue. Many conferences are devoted to the
subject, and the list of papers is lengthy and still growing. In nearly
all instances, however, the articles, whether they originate from cen-
tral banks themselves or from academia, have tended to be abstract
applications. One posits an idealized model, or several models, of the
economy and investigates, in some way, how misperceptions of, or
perturbations to, the model affect outcomes. A good deal has been
learned from these exercises, but results have tended to be specific to
the environment of the chosen models. Moreover, the models them-
selves typically have not been representative of the models upon
which central banks rely. It is difficult to know how serious a problem
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model uncertainty is if one cannot give a concrete and meaningful
measure of uncertainty.

This paper has cast some light on model uncertainty and the
design of policy in a much different context from the extant litera-
ture. I examined forty-six vintages of the model the Federal Reserve
Board staff has used to carry out forecasts and policy analysis from
1996 to 2007. And I did so in a real-time context that focuses on
the real problems that the Federal Reserve faced over this period.
My examination looked at a number of simple policy rules that
have been marketed as “robust.” In the end, I uncovered a num-
ber of useful observations. First, model uncertainty is a substantial
problem. Changes to the FRB/US model over the period of study
were frequent and often important in their implications. The ensuing
optimized policies also differed significantly in their parameteriza-
tions. Second, many simple rules that have been touted as robust
turn out to be less appealing than one might have suspected. In
particular, pure inflation-targeting rules turn out not to be robust.
Third, adding an instrument smoothing term to a rule that already
has a nominal anchor and a real variable contributes little to the
robustness and efficiency of rules, at least in the environment stud-
ied here. Fourth, notwithstanding problems of mismeasurement of
output gaps, it generally pays for policy to feed back on some meas-
ure of excess demand, regardless of the nominal anchor employed
elsewhere in the rule. Fifth, a case can be made for designing simple
rules that minimize the use of latent variables like potential output
and the equilibrium real interest rate as arguments.
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On the Slope and the Persistence of the Italian
Phillips Curve∗

Marianna Riggi and Sergio Santoro
Bank of Italy

We investigate the determinants of inertia in Italian infla-
tion, estimating a Phillips curve derived from a general equi-
librium business-cycle model that allows for intrinsic and
extrinsic sources of inflation persistence, along with trend infla-
tion, and that encompasses both nominal and real rigidities as
key factors of the output-inflation trade-off. We perform the
estimation over two different sub-samples, 1981:Q1–1998:Q4
and 1999:Q1–2012:Q3, to take into account the structural
break represented by the starting of the Economic and Mone-
tary Union. We find that in the period between 1999:Q1 and
2012:Q3, the dependence of Italian inflation on its own past
diminished and the slope of the Phillips curve dropped rela-
tive to the years before 1999. The latter is a consequence of
increased strategic complementarity in price setting, due in
turn to higher sensitivity of demand elasticity to firms’ rela-
tive prices, on top of lower trend inflation and an increase in
the average duration of prices.

JEL Codes: E31, E32.

1. Introduction

During the Great Recession inflation in advanced countries hardly
responded to conditions in product and labor markets. According to
many economists,1 based on past experiences and given the depth
and the duration of the worldwide recession, advanced economies
should have experienced severe disinflation—perhaps even deflation.

∗We wish to thank the editor, three anonymous referees, Eugenio Gaiotti,
Roberto Sabbatini, and Francesco Zollino for their very helpful suggestions. The
views expressed here do not necessarily reflect those of the Bank of Italy.

1See section 2 for a literature review.
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Hall (2011) called for a fundamental reconsideration of theories in
which inflation depends on a measure of slack, reading the recent
experience as a contradiction to the axiomatic relationship between
slack and declining inflation and concluding that inflation behaves
in a nearly exogenous fashion. A debate has emerged to find possi-
ble tweaks to the traditional Phillips curve and explain why extreme
economic slump has done little to reduce inflation in most advanced
economies.

In this paper we focus on Italy. After the outburst of the sover-
eign debt crisis in the euro area, GDP in Italy contracted bluntly,
by almost 5 percent from mid-2011 to the end of 2013, more than
the euro-area average. However, at the beginning of this prolonged
recession, inflation remained stubbornly high, above 3 percent year
on year until the last months of 2012. Although the rise in indirect
taxes contributed by around 1 percentage point, even the price index
computed net of the increase in indirect taxation grew at a faster
pace than in the euro area. In 2013 inflation started moderating,
and it dropped below 1 percent in the second half of the year. How-
ever, core inflation (i.e., net of food and energy prices) remained
hovering around 1 percent, despite an unprecedented contraction
of domestic demand. This outturn suggests that in the short run
the relationship between economic activity and price dynamics (i.e.,
the Phillips curve) might be relatively weak in Italy, hence justify-
ing such a slow and, so far, moderate response of inflation to the
collapse of output.

Nevertheless, this reduced-form evidence should be considered
with caution, since it is plagued by the Lucas critique, as it might be
driven by monetary policy. Moreover, various factors may lie behind
a slow adjustment of inflation. Some of them are associated with
what Altissimo, Ehrmann, and Smets (2006) define as “extrinsic
persistence,” namely that inherited from persistent fluctuations in
the determinants of inflation such as marginal costs or the output
gap. Additionally, inflation can show “intrinsic persistence,” if it
depends on its own past. In a New Keynesian framework the lat-
ter might be generated by different channels, like the assumption
of indexation or rule-of-thumb behavior on the part of the price or
wage setters. Finally Altissimo, Ehrmann, and Smets (2006) high-
light that if expectations are not rational, there might be persistence
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due to the formation of inflation expectations (“expectations-based
persistence”).2

We want to document the slope of the Italian Phillips curve and
identify the source of persistence of Italian producer price inflation
over two periods: 1981–98 and 1999–2012.3 To do so, we estimate a
New Keynesian structural model of the Italian inflation that allows
for both extrinsic and intrinsic persistence. To model the former,
we draw on the more recent literature on New Keynesian monetary
economics that has emphasized the role of the following factors: the
frequency of price revisions, the economy’s returns to scale, and the
sensitivity of the elasticity of demand to the firm’s relative price.
The latter gives rise to strategic complementarities in price setting.
In addition, we allow for positive trend inflation, needed given our
strong empirical focus. Intrinsic persistence is instead due to partial
indexation of prices, which introduces a backward-looking element
in inflation determination.

There is an ample literature on the estimation of the Phillips
curve. In recent years, following the seminal contribution of Gaĺı
and Gertler (1999), many papers have adopted the New Keyne-
sian framework and, estimating a single-equation model via the
GMM, have investigated the importance of intrinsic inertia to
account for the observed inflation dynamics. Benigno and López-
Salido (2006) and Rumler (2007) apply this technique to several
euro-area countries, including Italy, finding that in a sample which
covers mainly the period before 1999 in Italy there is a significant
role for “backward-lookingness” in inflation, and thus for intrinsic
inflation persistence. In these papers the only source of extrinsic per-
sistence is the existence of nominal rigidities; instead, as mentioned
above, we allow also for the presence of strategic complementarities
in price setting, following the formulation introduced in Sbordone
(2010). A different approach is implemented by Gaiotti (2010), who
uses micro data to assess the role of globalization for the flattening
of the Phillips curve in Italy.

2See Molnár and Santoro (2014) for the implications of non-rational beliefs on
monetary policy.

3We follow most of the theoretical New Keynesian literature in concentrating
on the link between real unit labor cost and producer price inflation rather than
consumer price inflation.
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Rather than relying on a single-equation estimation, we estimate
the deep parameters that determine the slope and the persistence
of the Phillips curve generated by our model using full-information
Bayesian techniques. This allows us to disentangle the role played
by the different factors in the relationship that links the dynamics
of domestic inflation to its determinants. We use quarterly data on
industrial producer price inflation,4 GDP, short-term interest rate,
and real wages over two distinct sub-samples: 1981:Q1–1998:Q4 and
1999:Q1–2012:Q3. The rationale for splitting the sample in connec-
tion with the start of the Economic and Monetary Union is the need
to account for the above-mentioned importance of monetary policy
conduct in shaping the Phillips curve.

In the empirical implementation, we adopt a measure of unit
labor cost as the relevant determinant of producer price changes,
instead of an ad hoc output gap. In the class of model we consider,
this choice is innocuous, since there is an approximate log-linear
relationship between the two variables; moreover, we avoid the pit-
fall of using measures of the output gap constructed with some type
of filters that are not consistent with the theoretical structure of the
model.5

We find significant changes in the Phillips curve in the more
recent years. More in detail, our model implies a Phillips curve of
the following form: πp

t = λ1π
p
t−1 +λ2Et

[
πp

t+1

]
+λ3mct +λ4Etφt+1 +

λ5Etϕt+1, where πp
t denotes price inflation, mct is real unit labor

cost, and φt+1 and ϕt+1 are auxiliary variables. We get that the
slope of the Phillips curve (namely, the short-term sensitivity of
inflation to marginal costs, λ3) has dropped sharply, from 0.74 to
0.05.

According to our estimates, the increased strategic complemen-
tarity in price setting, due to its turn to higher sensitivity of demand
elasticity to firms’ relative prices, has played an important role in
determining the vanishing trade-off between producer price infla-
tion and unit labor cost. In other words, the story suggested by our
estimates is the following.

4Hence we abstract from the service sector.
5See Gaĺı and Gertler (1999). They also show that estimating the New Keyne-

sian Phillips curve using filtered GDP data as a proxy for the output gap delivers
misleading results.



Vol. 11 No. 2 On the Slope and the Persistence 161

Whereas in the pre-1999 period the price elasticity of demand was
almost constant, after 1999 the elasticity of substitution between a
given variety and others increased in the firm’s good’s relative price,
leading to strategic complementarities in price setting and to a flatter
Phillips curve. Indeed, when a repricing firm faces a higher unit labor
cost, say due to an economic boom, the firm will temper its price
increase relative to the pre-1999 period because this would result
in a more elastic demand curve than for those firms whose relative
price declines as a result of price fixity. Symmetrically, during reces-
sions firms are more reluctant to reduce their price relative to the
pre-1999 period, as they would face a less elastic demand curve than
their competitors whose relative price increases as a result of price
rigidity. In other words, as Basu (2005), Dotsey and King (2005),
and Klenow and Willis (2006) show, a price elasticity of demand
that increases with the firm’s relative price generates a smoothed
version of a “kink” in the demand curve facing a given firm. Indeed,
it implies that consumers flee from individual items with high rela-
tive prices, but do not flock to inexpensive ones, creating “rigidity”
in the relative price a firm wants. Hence, the higher sensitivity of
the demand elasticity to the firm’s relative price (and the conse-
quent increase in strategic complementarities in price setting) in the
post-1999 period has weakened the short-term relationship between
economic activity and price dynamics in Italy and explains the slow
adjustment of inflation during a severe and long-lasting recession.6

Our model is not designed to capture the primitive sources driv-
ing this increase in strategic complementarities; however, in a similar
framework Sbordone (2010) points out that it can be associated with
an increase in market competition. This seems to be consistent with
some fundamental changes in the context surrounding Italy: Bran-
dolini and Bugamelli (2009) argue that the shift in the technological
paradigm, ushered in by the new information and communications
technologies (ICT); “globalization,” that is, the global integration
of the real and financial markets; and the process of European inte-
gration had as a common consequence a strong and sharp increase
in competitive pressure.

6Let us recall that this is a business-cycle model; hence it is silent on the
long-run relationship between producer prices and labor cost.



162 International Journal of Central Banking March 2015

On top of increased strategic complementarities, we estimate an
increase in the degree of price stickiness that flattens the Phillips
curve. According to our results, the average duration of a price is
nearly 1.7 quarters in the first sub-sample and 2.9 in the second one,
consistent with the common wisdom that as inflation has decreased
over time, one would expect price setters to change prices less often.

The vanishing trade-off between producer price inflation and unit
labor cost also stems from the decrease in trend inflation, which
we calibrate to match the decline in the average sample inflation.
Importantly, whereas in a Dixit-Stiglitz world the slope of the New
Keynesian Phillips curve becomes steeper under lower trend inflation
(Ascari 2004), the presence of strategic complementarities inverts
the sign of the derivative: the Phillips curve flattens as the trend
inflation rate declines.

The degree of intrinsic persistence λ1 has decreased in the sec-
ond sub-sample (from 0.45 to 0.18), suggesting that the observed
reduced-form persistence of inflation in recent years cannot be attrib-
uted to intrinsic inflation persistence but rather to an increase in
extrinsic persistence due to stronger real rigidities.

A flatter Phillips curve involves a higher sacrifice ratio than oth-
erwise, i.e., a longer spell of GDP below its natural level for every
desired reduction in inflation. However, it also implies that an over-
heated economy will tend to induce a milder rise in inflation and, vice
versa, reduces the risk of deflation in the face of severe downturns.

The paper is organized as follows. Section 2 indicates how our
study relates to the literature. Section 3 presents the theoretical
model. Section 4 provides a discussion of the role of nominal rigidi-
ties, strategic complementarities, backward indexation, and trend
inflation for the Phillips curve implied by our theoretical framework.
Section 5 briefly summarizes the Bayesian technique we employ.
Section 6 describes data and prior distributions. Section 7 discusses
our results and section 8 concludes.

2. Related Literature

The absence of a severe disinflation during the recent deep world-
wide recession was not peculiar to Italy. Since the financial crisis
of 2008–9, extreme economic slack has done little to reduce infla-
tion in most advanced economies, insomuch that Hall (2013) reads
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the recent experience as a contradiction to the fundamental macro-
economic axiom that inflation declines during periods of economic
weakness. In September 2010 John Williams stated, “The surprise
[about inflation] is that it’s fallen so little, given the depth and dura-
tion of the recent downturn. Based on the experience of past severe
recessions, I would have expected inflation to fall by twice as much
as it has.” The missing disinflation between 2009 and 2011 is par-
ticularly striking when compared with the strong deflation that hit
the United States during the Great Depression (cumulative deflation
between 1930 and 1932 was nearly 25 percent). Ball and Mazumder
(2011) document that when Phillips curves estimated over 1960–
2007 are used to predict inflation over 2008–10, a puzzle emerges, as
inflation should have fallen by much more than it did. Fostered by
this evidence, a large literature has emerged to find possible tweaks
to the traditional Phillips curve and explain why inflation has fallen
so little in spite of the severity and duration of the recent crisis.

Ball and Mazumder (2011) show that the puzzle can be solved
with two modifications of the Phillips curve, both suggested by theo-
ries of costly price adjustment: first by measuring core inflation with
the median CPI inflation rate, and second by allowing the slope of
the Phillips curve to change with the level and variance of inflation.7

According to Bernanke (2010), the credibility of modern central
banks has succeeded in relegating high inflation and high deflation
as very unlikely outcomes in people’s conviction and, thus, in sta-
bilizing actual inflation through expectational channels. However,
while there is evidence that inflation expectations in the United
States and in the euro area have indeed become more anchored
over time (Williams 2006), Coibion and Gorodnichenko (2013) con-
vincingly show that this “anchored expectations” hypothesis is not
sufficient to explain the full extent of the missing disinflation in
the United States between 2009 and 2011, as the latter is still
present in the data even after conditioning on the “anchored”
expectations of professional forecasters. Coibion and Gorodnichenko
(2013) propose a novel explanation based on the idea that house-
hold forecasts are likely to be a better proxy for firm inflation
expectations (i.e., the ones relevant for pricing decisions and thus

7The second tweak is consistent with our results.
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for the Phillips curve) than either professional or backward-looking
forecasts. When household inflation expectations—measured by the
Michigan Survey of Consumers—are considered in an expectations-
augmented Phillips curve, then the puzzle of the missing disinflation
in the United States since 2009 is solved. Indeed, while households’
inflation expectations rose sharply since 2009, pushed by oil price
increases, other measures of inflation expectations, such as those
from financial markets or professional forecasters, have stayed stable
in the neighborhood of 2 percent over the same period.8

Studying the Swedish case, Svensson (2013) points out that if
inflation expectations are irrationally anchored at the inflation tar-
get even when average inflation is systematically lower than the tar-
get, the long-run Phillips curve becomes downward sloping and the
undershooting of the inflation target brings higher average unem-
ployment than if average inflation had been kept on target.

Other authors focus on the wage formation process as the driv-
ing force behind the lack of disinflation. Among them, Daly, Hobijn,
and Lucking (2012) point to downward nominal wage rigidity as an
important factor that has shaped the dynamics of inflation during
and after the last three U.S. recessions. In fact, the fraction of work-
ers receiving zero wage changes in the U.S. economy increases around
business-cycle downturns and has risen to historical highs since the
2007 recession. The resistance to reducing wages, especially at low
levels of inflation, might have bent the short-run Phillips curve.

Finally, the interpretation favored by the International Monetary
Fund’s (2013) analysis is that, on the top of more firmly anchored
long-term inflation expectations, the relation linking the rate of
change in prices to the level of economic activity in advanced coun-
tries is considerably flatter today than in the past. By estimating

8Coibion and Gorodnichenko (2013) show that more than half of the histor-
ical differences in inflation forecasts between households and professionals can
be accounted for by oil price dynamics, and that the run-up in oil prices since
2009 can fully explain the rise in household inflation expectations since then.
The authors conjecture that households adjust their inflation forecasts more in
response to oil price changes than professional forecasters because gasoline prices
are among the most visible prices to consumers. Consistently, they show that
according to data from the Michigan Survey of Consumers, inflation forecasts
of those who spend more money on gasoline (in dollar terms) react more in
response to oil price variations than expectations of those who spend less money
on gasoline.
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an unemployment-based Phillips curve for twenty-one advanced
economies, the IMF’s (2013) study concludes that the average slope
of the Phillips curve has flattened as inflation rates declined and
suggests, as an explanation, that the prices’ adjustment costs may
induce firms to vary prices less frequently when inflation is lower
(Ball, Mankiw, and Romer 1988 and Klenow and Malin 2010). On
the other hand, the evidence on the role of globalization in affecting
the slope of the Phillips curve is either inconclusive or negative (Ball
2006; Gaiotti 2010).

3. The Model

We consider an environment of monopolistically competitive firms
each producing a differentiated good. The price adjustment rule is
time dependent, following the formalism proposed in Calvo (1983).
With respect to a basic dynamic New Keynesian setup, the distinc-
tive features of our theoretical framework can be summarized as
follows.

We assume a trend component in technology, so that data do
not need to be detrended before estimation and the dynamics of
the model is evaluated with respect to a balanced growth path. To
improve the empirical performance of the model, we consider posi-
tive trend inflation (on the empirical relevance of trend inflation, see
Cogley and Sbordone 2008).9 In the spirit of Gaĺı and Gertler (1999),
we augment the Calvo model in price setting by the assumption that

9The canonical New Keynesian sticky-price model, which has emerged as the
workhorse for monetary policy analysis, hinges on inflation being a stationary
variable. In recent years, there has been a great deal of research focusing on
inflation persistence. Some empirical works question the hypothesis of inflation
being I(0) and find that log prices are I(2) and that inflation therefore is I(1). A
few of these are Johansen (1992), Bardsen, Jansen, and Nymoen (2004), O’Reilly
and Whelan (2005), Fanelli (2008), and Mavroeidis, Plagborg-Møller, and Stock
(2013). The empirical evidence on the stationarity of inflation is quite mixed. For
instance, Zivot and Andrews (1992) and Lumsdaine and Papell (1997), among
others, conclude that inflation rates are stationary. Concerning European coun-
tries, Culver and Papell (1997) apply time-series unit-root tests to thirteen OECD
countries and find overwhelming evidence in favor of inflation being I(0). Here we
stick to the hypothesis of inflation being a stationary variable consistent with the
standard New Keynesian model and with a successful implementation of infla-
tion targeting. However, we appropriately take into account the empirical and
theoretical relevance of a positive steady inflation rate.
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prices that are not reoptimized are partially indexed to past infla-
tion rates. As stressed by Gaĺı and Gertler (1999), the estimation of
the degree of indexation allows to measure the residual inertia that
the forward-looking Phillips curve leaves unexplained.10 We allow
for variable demand elasticity (Kimball 1995) with the aim to take
into account the role of strategic complementarity in shaping the
relationship that links the dynamics of inflation to unit labor cost.
Four structural shocks are considered in order to avoid stochastic
singularity and achieve an exact identification of the model: a mon-
etary policy shock, a technology shock, and two preference shocks,
one intertemporal and one intratemporal.11

3.1 Preferences

We consider a continuum of households uniformly distributed on the
unit interval. The household is the relevant decision unit and has an
objective function given by

E0

∞∑

t=0

ςtβ
t {U (Ct (j)) − χtV (Nt (j))} , (1)

where Ct(j) denotes household’s j consumption; Nt (j) ∈ [0, 1] indi-
cates the fraction of household members who are employed; and
ςt and χt are two preference shocks which are assumed to follow
stationary first-order autoregressive (AR(1)) processes ςt = ςρς

t−1e
ε

ςt
t

and χt = χ
ρχ

t−1e
εχ

t , respectively.
We specify the household’s period utility to be given by

U (Ct (j)) ≡ log Ct (j) (2)

V (Nt (j)) ≡ N1+φ
t (j)
1 + φ

. (3)

The period budget constraint takes the form

PtCt (j) + QtBt (j) = Bt−1 (j) + WtNt(j) + Πt,

10Gaĺı and Gertler (1999) suggest that adding rule-of-thumb price setters allows
to measure the departure from the baseline forward-looking model in the spirit
of the way that Campbell and Mankiw (1989) use rule-of-thumb consumers to
test the life-cycle/permanent-income hypothesis.

11See below for more details.
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where Pt is the price index for goods; Wt is the nominal wage; Πt are
profits; Qt is the price of a one-period riskless bond, paying one unit
of currency; and Bt denotes the quantity of that bond purchased in
period t.

We assume a flexible variety aggregator à la Kimball (1995),
which allows for the possibility that firms face price elasticity of
demand which is increasing in firms’ relative prices. Whereas in
the Dixit-Stiglitz preferences the elasticity of substitution between
a given variety and others is constant, in Kimball’s world the elas-
ticity of substitution between differentiated goods is decreasing in
the relative quantity consumed of the variety, implying that firms’
desired markup is decreasing in their relative price. The consumption
aggregate is defined by

∫

Ω
ψ

(
Ct (i)
Ct

)
di = 1, (4)

where ψ(·) is an increasing, strictly concave function, and Ω is the
set of all potential goods produced. The standard constant elastic-
ity of substitution (CES) preferences are nested within this spec-
ification, and the Kimball aggregator reduces to the Dixit-Stiglitz
when ψ (Ct (i) /Ct) = (Ct (i) /Ct)

ε−1
ε . In order to allocate its con-

sumption expenditures among the different goods, the household
maximizes the consumption index Ct for any given level of expendi-
tures

∫ 1
0 Pt (i) Ct (i) di. The solution to that problem yields the set of

demand equations Pt (i) = 1
ΛtCt

ψ′
(

Ct(i)
Ct

)
for each i ∈ [0, 1], where

Λt is the Lagrangian multiplier for constraint (4). Accordingly, we
can write the demand curve for good i as

Ct (i) = Ctψ
′−1

(
Pt (i)
P ′

t

)
, (5)

where P ′
t ≡ 1

ΛtCt
for any set of prices {Pt (i)} . We define the price

index as the cost of a unit of the composite good:

Pt =
1
Ct

∫ 1

0
Pt (i) Ct (i) di =

∫ 1

0
Pt (i) ψ′−1

(
Pt (i)
P ′

t

)
. (6)

Following Dotsey and King (2005) and Sbordone (2010), we

adopt a functional form that implies P ′
t =

[∫ 1
0 Pt (i)1−(1+η)ε

di
] 1
1−(1+η)ε

,
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Pt = 1
1+ηP ′

t + η
1+η

∫ 1
0 Pt (i) di. Hence, the relative demand for good

i (5) is

Ct (i)
Ct

=
1

1 + η

[(
Pt (i)
P ′

t

)−(1+η)ε

+ η

]
. (7)

Clearly the Dixit-Stiglitz preferences are nested within this specifi-
cation for η = 0.

The optimal consumption/savings and labor supply decisions are
described by the following conditions:

Qt = βEt
ςt+1

ςt

Ct

Ct+1

Pt

Pt+1
(8)

Wt

Pt
= χtN

φ
t Ct. (9)

3.2 Technology

There is a continuum of firms distributed uniformly on the unit inter-
val. Each firm is indexed by i ∈ [0, 1] and produces a differentiated
good with a technology

Yt(i) = ZtN
1−α
t (i). (10)

Zt is an aggregate technology index which follows the trend-
stationary process

Zt = γtAt, (11)

where γ is the deterministic growth rate of the economy and At is a
stationary AR(1) process, i.e., At = AρA

t−1e
εA

t .

3.3 Price Setting

Each firm may reset its price only with probability (1 − θ), inde-
pendently of the time elapsed since the last adjustment (Calvo
1983). With probability θ the firm adjusts its price mechanically
according to Pt(i) = (γp,t−1)

τp Pt−1(i), where γp,t−1 ≡
(

Pt−1
Pt−2

)
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denotes last-period inflation. We denote with Π steady-state infla-
tion.12

A firm reoptimizing in period t will choose the price P ∗
t by solving

the following maximization problem:

max
P ∗

t

∞∑

k=0

θk
Et

{
Λt,t+k

(
P ∗

t

(
Pt+k−1

Pt−1

)τp

Yt+k/t − Ψt+k

(
Yt+k/t

))}

(12)

subject to the sequence of demand constraints (7),

Yt+k/t =
1

1 + η

⎡

⎢⎣

⎛

⎝
P ∗

t

(
Pt+k−1
Pt−1

)τp

P ′
t+k

⎞

⎠

−(1+η)ε

+ η

⎤

⎥⎦Yt+k. (13)

Combining the first-order conditions for this problem with the
aggregate price index and log-linearizing, we get the following sys-
tem of equations that characterizes the generalized Phillips curve
under trend inflation, strategic complementarities, and backward
indexation:

πt =
τp (1 + kDD)

1 + kDD + β̃τp

πt−1 +
β̃

1 + kDD + β̃τp

Et (πt+1)

+
k

1 + kDD + β̃τp

(
w̃r

t − m̃pnt

)
+

ω1

1 + kDD + β̃τp

Etφ̂t+1

+
ω2

1 + kDD + β̃τp

Etϕ̂t+1

φ̂t =
[
1 − βθΠ(1+η)ε(1−τp)

]{(
w̃r

t − m̃pnt

)
+ [(1 + η) εBB − DD ] Δt

}

+ βθΠ
(1+η)ε(1−τp)

Et

[
φ̂t+1 + (1 + η) εΔt+1

]

ϕ̂t = βθΠ
−(1−τp)

Et (ϕ̂t+1 − Δt+1) , (14)

12If one imposed full price indexation to past inflation, the theoretical relevance
of a positive average inflation rate would be muted, as in this extreme case there
would not be price dispersion in the steady state (see Ascari and Sbordone 2013).



170 International Journal of Central Banking March 2015

where πt denotes inflation, w̃r
t the detrended real wage, and m̃pnt

the marginal product of labor, log-linearized around the stationar-
ized steady state. Also we have denoted Δt ≡ πt − τpπt−1. φ̂t and ϕ̂t

are auxiliary variables. The coefficients are convolutions of parame-
ters, inter alia, trend inflation Π, price indexation τp, and the degree
of strategic complementarities η.13 See the appendix for details.

3.4 Monetary Policy

The model is closed by assuming the following forward-looking rule
linking the interest rate to economic activity and inflation:

Rt

R
=
(

Rt−1

R

)ρr
[(

Et (Πt+1)
Π

)φπ (
Ỹt

)φy

]1−ρr

μt, (15)

where R is the steady-state nominal gross rate, Ỹt is the cyclical
component of GDP obtained by detrending Yt with the level of tech-
nology γt, and μt is a monetary policy shock, which is assumed to
follow the stationary AR(1) process μt = μ

ρμ

t−1e
εμ

t .
A caveat is required. Starting from 1999, monetary policy has

been set uniformly by the European Central Bank (ECB) for the
euro area as a whole. Equation (15) should be read as a positive,
rather than normative, relationship capturing the correlation of the
interest rate to the country-specific economic conditions.

4. The Phillips Curve

The Phillips curve implied by our theoretical model can be written
as

πt =λ1πt−1 + λ2Et [πt+1] + λ3

(
w̃r

t − m̃pnt

)
+ λ4Etφt+1 + λ5Etϕt+1.

The dynamics of inflation depends on three major driving forces:
past realized values of inflation, the expectations of future infla-
tion, and the real unit labor cost. The latter affects price dynamics
through several channels.

13Our Phillips curve is an extension of the one derived in Ascari and Ropele
(2007, 2009) to the case in which the Dixit-Stiglitz constant elasticity does not
necessarily hold.
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• Nominal rigidities. The longer prices are kept unchanged, the
flatter the Phillips curve. Indeed, the smaller the frequency of
price changes, the more nominal disturbances translate into
real effects rather than aggregate inflation.

• The degree of indexation to past inflation. The larger the
degree of indexation to past inflation, the flatter the Phillips
curve. The reason is that a smaller fraction of inflation dynam-
ics is due to movements in real unit labor cost, since past
inflation exerts a mechanical pressure on contemporaneous
inflation.

• The degree of trend inflation. One established result in the
macroeconomics of trend inflation (see Ascari and Sbordone
2013, among others) is that the Phillips curve becomes steeper
under lower steady inflation. Such a result ceases to hold
when one leaves the Dixit-Stiglitz world (see figure 1): if the
elasticity of substitution between a given variety and others
is increasing in the firm’s good’s relative price, the slope of
the curve flattens when trend inflation falls, consistently with
most economists’ priors (see Shirota 2007).

• The sensitivity of the marginal costs to the firm’s level of pro-
duction. The higher the sensitivity of the marginal costs to the
level of production, the flatter the Phillips curve. The intuition
is as follows. When a firm faces decreasing returns to scale,
the marginal cost is increasing in its own output. Hence, in the
face of an increase in

(
w̃r

t − mpnt

)
, the desired price increase

is smaller because the firm takes into account the decline in
marginal cost due to the loss in demand associated with the
price increase.

• The steady-state sensitivity of the firm’s own output demand
to its relative price. The higher the steady-state elasticity of
demand, the larger the loss in demand incurred for a price
increase, the smaller the desired price increase for any given
rise in

(
w̃r

t − mpnt

)
, and the flatter the Phillips curve.

• The sensitivity of the elasticity of substitution between differ-
entiated goods to the relative quantity consumed of the variety.
When the elasticity of substitution between differentiated
goods is decreasing in the relative quantity consumed of
the variety, firms face a price elasticity of demand that is
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increasing in their good’s relative price. This makes the desired
markup decreasing in firms’ relative price. The larger the sen-
sitivity of the elasticity of substitution to the relative price
(the more negative is η), the flatter the Phillips curve. Indeed,
when the elasticity of demand is increasing in the relative
price, firms are reluctant to change their price, as they would
face a more elastic demand curve than firms whose relative
price declines as a result of price fixity.

Following the literature (Woodford 2003; Sbordone 2010), we call
the last three components “strategic complementarity” channels.

Figures 1, 2, 3, and 4 show the slope of the Phillips curve under
different combinations of η and Π, η and θ, τp and θ, and (1 − α)
and θ.

In order to evaluate the role of nominal rigidities and strategic
complementarity in determining the slope of the Phillips curve, we
implement a Bayesian Markov chain Monte Carlo (MCMC) esti-
mation procedure in the spirit of Schorfheide (2000), Smets and
Wouters (2003, 2007), and Fernandez-Villaverde and Rubio Ramirez
(2004).

5. Bayesian Estimation

When dealing with the estimation of dynamic general equilib-
rium models, the performances of the full-information maximum-
likelihood (FIML) estimator may be significantly compromised.
Indeed, the mapping of structural parameters to the coefficients
of the reduced form of the model is highly non-linear and non-
identification is frequent, as different sets of parameters may yield
nearly the same value for the likelihood function (Canova and Sala
2009). A viable solution would be to use a constrained FIML estima-
tor that restricts the estimates within a reasonable range. However,
recent developments rely on Bayesian estimation, where restrictions
(priors) are defined in terms of probability distributions and the
posterior distribution for the model parameters is obtained by nest-
ing the formalized prior distribution for the vector parameters ξ ∈ Ξ
and the likelihood of the data. The posterior distribution can be
read as a weighted average of prior non-sample information and the
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Figure 1. Trend Inflation, Kimball Aggregator, and the
Slope of the Phillips Curve
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conditional distribution, where the weights are inversely related to
the variance of the prior distributions and the variance of the sample
information, respectively.
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Figure 2. Price Stickiness, Kimball Aggregator, and the
Slope of the Phillips Curve

  0.5  0.55   0.6  0.65   0.7  0.75   0.8
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

Price stickyness

Sl
op

e

Kimball aggregator = -6.0
Kimball aggregator = -4.0
Kimball aggregator = -2.0
Kimball aggregator = 0

Notes: On the x-axis θ. Each curve is drawn under a different calibration for η.

Figure 3. Price Stickiness, Backward Indexation, and the
Slope of the Phillips Curve
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Figure 4. Price Stickiness, Returns to Scale, and the
Slope of the Phillips Curve
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More in detail, let P (ξ, M) denote the prior beliefs on param-
eters ξ given model M and let P (XT /ξ, M), XT = {xt}T

t=1 denote
the conditional distribution (likelihood). By using the Bayes rule,
the posterior density P (ξ/XT , M) can be written as

P (ξ/XT , M) =
P (XT /ξ, M)P (ξ, M)

P (XT , M)
. (16)

Following the literature, we get the Bayesian posterior estimates
by using the Kalman filter to form the likelihood function and the
Metropolis-Hastings algorithm for Monte Carlo integration (three
chains of 1,000,000 draws) to optimize the posterior density func-
tion. We formally check whether estimation is possible or whether
there are serious identification issues by verifying the necessary
and sufficient conditions for local identification discussed by Iskrev
(2010b) for the parameters declared in the prior definition at the
prior mean; see the appendix for details.
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6. Data and Prior Distribution

Our model is estimated by using Italian quarterly data over two
sample periods: 1981:Q2–1998:Q4 and 1999:Q1–2012:Q2. We con-
sider four time series: the log-differences of real GDP and of the real
wage,14 the short-term interest rate, and the percent change in the
producer price index as a measure of inflation. As argued before,
the rationale for splitting the sample in connection with the start
of the Economic and Monetary Union is the need to account for
the importance of monetary policy conduct in shaping the Phillips
curve. In order to verify the presence of a structural break in the
correlation among our observed series, we apply a Chow test to
the VAR representation of inflation with different lags, and the test
always rejects the null hypothesis that there is no structural break
in 1999:Q1 at the significance level of 1 percent.

In order to enhance estimation of the key structural parameters,
we impose the following dogmatic priors. The discount factor β is
fixed at 0.99 and the Frisch elasticity on labor supply 1/φ is set at
1, a standard calibration for macroeconomic models. The “share”
parameter on labor in the production function (1 − α) is fixed at
2/3 (consistent with computation in Giordano and Zollino 2013).
We set ε = 6, consistent with Dotsey and King (2005).15

Our sample data feature an average quarterly GDP growth rate
of almost 0.5 percent in the pre-1999 period and 0.2 percent in the
post-1999 period. We use this information to calibrate the steady-
state value of productivity growth γ. We calibrate steady inflation
to match the observed decline in the average annual sample pro-
ducer price inflation, which is nearly 4.9 percent in the first sample
and 2.4 percent in the second sample. All remaining parameters are
estimated.

14The real wage is obtained by deflating earned income in manufacturing with
the consumer price index.

15As discussed in the appendix, in order to check formally whether estimation
is possible or whether there are serious identification issues, we verify the neces-
sary and sufficient conditions for local identification discussed by Iskrev (2010b)
for the parameters declared in the prior definition at the prior mean. When we
include ε in the set of the parameters to be estimated, we get that ε and η are
collinear. We thus calibrate ε consistently with the literature and estimate the
extent to which the model departs from the Dixit-Stiglitz constant elasticity by
allowing data to choose the value of η.
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Considering the shape of the prior distributions, following stan-
dard practice, a beta distribution is adopted for parameters theo-
retically defined in a [0 − 1] range, whereas a normal distribution is
assumed for priors on parameters theoretically defined over the R

range. As for the structural shocks, the reference distribution is the
inverted gamma which is defined over the R

+ range.
The prior mean for the Calvo parameter θ is set at 0.5 (implying

that the average duration of a price is two quarters), with a standard
deviation of 0.1. This relatively weak prior is based on Fabiani et al.
2010. For the sensitivity of firm demand elasticity to market share
(the Kimball aggregator) η, we assume a very uniformative prior cen-
tered on zero with a standard error of 5. In other words, our prior is
consistent with the hypothesis of a standard Dixit-Stiglitz constant
demand elasticity and we let the estimates determine whether the
data favor a Kimball aggregator characterized by a variable demand
elasticity. The prior for the degree of backward indexation is assumed
to be centered on 0.5 with a standard error of 0.1.

The parameters describing monetary policy are based on a stan-
dard Taylor rule: the prior mean of the Taylor coefficient on inflation
φπ and real activity φy is set at 1.5 and 0.5, with a standard devia-
tion of 0.2 and 0.1, respectively, so as to guarantee a unique solution
path when solving the model. The autoregressive coefficient ρr, cap-
turing interest rate smoothness, has a diffuse prior mean of 0.5 with
a prior standard error of 0.2.

The priors on the stochastic processes are harmonized and weakly
informative, reflecting the very imprecise opinion about the dimen-
sionality and the persistence of shocks (see table 2). The standard
errors of the innovations have a prior mean of 0.01 with two degrees
of freedom. All shocks are assumed to be serially correlated with
autoregressive coefficient having a prior mean of 0.5 and a prior
standard deviation of 0.2.

The measurement equations that link data to the corresponding
model variables are described in the appendix.

7. Results

Tables 1 and 2 show, together with the prior distribution, the poste-
rior mean and the 5th and 95th percentile of the posterior distribu-
tion of the parameters obtained through the Metropolis-Hastings
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sampling algorithm, based on three chains of 1,000,000 draws.16

Acceptance rates over the three chains are [0.236, 0.234, 0.228] for
the first sample and [0.255, 0.254, 0.254] for the second one, close
to the optimal acceptance rate of 0.234 (see Roberts, Gelman, and
Gilks 1997). Markov chain Monte Carlo convergence diagnostics is
discussed in the appendix.

The following conclusions can be drawn. Our estimates show
that in the more recent years, the degree of intrinsic persistence
(λ1) has decreased, from 0.45 to 0.18, suggesting that the observed
reduced-form inertia of inflation in recent years cannot be attrib-
uted to intrinsic inflation persistence but rather to an increase in
extrinsic persistence. In particular, we document a vanishing trade-
off between inflation and economic activity. Indeed, the slope of
the Phillips curve (λ3) was 0.74 in the pre-1999 period and has
reduced to 0.05 in the post-1999 period, which is in line with the
estimates reported in Massidda and Mattana (2010). According
to our estimates, such a flattening has been driven by increased
strategic complementarity in price setting, on top of lower steady
inflation and a longer average duration of prices, from 1.7 to 2.9
quarters.

Whereas data in the pre-1999 period favor the hypothesis of a
constant demand elasticity, our estimates for the post-1999 period
signal a much less convex demand curve compared with the Dixit-
Stiglitz case.17 When η < 0, the elasticity of demand faced by
the firm depends inversely on its relative market share, hence the
desired markup over marginal cost is decreasing in the firm’s rela-
tive price. This flattens the Phillips curve, as for any given rise in
unit labor cost, the firm will temper its price increase because of
the endogenous drop in its desired markup. Indeed, for any given
price increase, the firm will face a more elastic demand curve than
for firms whose relative price declines as a result of prices remaining

16Note that in both of the sub-periods the estimated posterior means of the

parameters are consistent with the condition βθΠ
(1+η)ε(1−τp)

< 1. This condition
is needed to ensure that in the deterministic steady state the infinite sums in the
optimal pricing equation of the firms converge; see Ascari and Ropele (2009) for
a similar condition in a setting with CES demand.

17The larger the η in absolute value, the more concave will be the demand
curve.
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fixed. Symmetrically, during recessions the firm will temper its price
decrease because of the endogenous increase in its desired markup.
Indeed, firms are more reluctant to reduce their price, as they would
face a less elastic demand curve than those competitors whose rela-
tive price increases as a result of price fixity.

In other words, Basu (2005), Dotsey and King (2005), and
Klenow and Willis (2006) show that a price elasticity of demand
that is increasing in the firm’s relative price leads to a smoothed ver-
sion of a “kink” in the demand curve facing a given firm because it
implies that consumers flee from individual items with high relative
prices, but do not flock to inexpensive ones, thus creating “rigidity”
in the relative price a firm wants. Hence, the higher sensitivity of the
demand elasticity to the firm’s relative price in the post-1999 period
has weakened the relationship between economic activity and price
dynamics in Italy and can account for the inertial adjustment of
inflation. This change in real rigidities might be due to the increase
in competitive pressure documented in Brandolini and Bugamelli
(2009), as a consequence of the ICT revolution, globalization, and
the process of European integration.18 However, our model does not
allow to capture the primitive sources driving this structural change,
as it is not designed to disentangle the role of a change in preferences
from that of a change in competition.

We have calibrated steady-state inflation to match the observed
decline in the average annual sample producer price inflation, from
4.9 percent in the first sample to 2.4 percent in the second one.
Whereas in a Dixit-Stiglitz world such a reduction would result in
a steeper Phillips curve, when the elasticity of substitution between
a given variety and others is increasing in the firm’s good’s relative
price, the slope of the curve flattens when trend inflation falls. Our
finding that the average duration of prices has increased by almost
one quarter is consistent with the evidence documented using micro
data that inflation correlates positively with the frequency of price
adjustments: e.g., see Nakamura and Steinsson (2008) for results
obtained using U.S. data, and Wulfsberg (2009) for an investiga-
tion carried out with Norwegian data. Also, our result is consistent

18See Sbordone (2010) for an extensive theoretical treatise of the effect of
increased market competition on the degree of strategic complementarities in
price setting and the slope of the Phillips curve in a framework similar to ours.
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with the idea suggested by Ball, Mankiw, and Romer (1988) that
the flattening of the Phillips curve at low levels of inflation might
reflect the fact that there are costs associated with adjusting nominal
prices that lead firms to change prices less frequently when inflation
is lower. Cross-country evidence documented by Klenow and Malin
(2010) confirms that firms do change prices less frequently when
inflation is lower.

It is worth noting that another stark difference between the
two sub-samples is the first-order autocorrelation of the monetary
policy shock: in the pre-1999 period it was very small (0.06), so
that the shock was close to a white noise; in the post-1999 period,
after the start of the EMU, it increased sharply to 0.75. This evi-
dence should be interpreted with caution: as mentioned above, the
Taylor rule after 1999 cannot be interpreted, as usual, as the pol-
icy reaction function of the central bank, since monetary policy
was conducted by the ECB at the euro-area level. Hence, the high
level of the shock’s persistence can capture a systematic difference
in economic conditions between Italy and the average of the euro
area.

8. Conclusions and Future Research

Debate over the Phillips curve has gained momentum since the finan-
cial crisis began in 2007. Indeed a puzzle has emerged, as infla-
tion in advanced countries has not fallen as much as a traditional
Phillips curve and past experiences would predict, given the severity
and the duration of the recession. In this paper we focus on Italy
and investigate the changes that occurred in the Italian Phillips
curve.

According to our estimates, after 1999 the degree of “intrinsic
persistence” in Italian inflation—i.e., the dependence of inflation on
its own past—has diminished. In other words, in the more recent
years, the degree of backwardness in price setting needed to account
for the observed inflation persistence, while statistically significant,
is not quantitatively important.

The slow response of inflation to economic activity observed in
Italy in recent years may then be accounted for by the flattening of
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the Phillips curve. The latter is mainly due to the increase in strate-
gic complementarities in price setting, on top of lower trend inflation
and higher average duration of prices. The story that emerges from
our estimates is as follows.

Whereas in the pre-1999 period the price elasticity of demand was
almost constant, after 1999 the elasticity of substitution between
a given variety and others is increasing in the firm’s good’s rela-
tive price, leading to strategic complementarities in price setting
and to a flatter Phillips curve. Indeed, in a boom the firm will
temper its price increase relative to the pre-1999 period because
this will result in a more elastic demand curve than for those
firms whose relative price declines as a result of price fixity. Dur-
ing recessions firms are more reluctant to cut their price relative
to the past, as they would face a less elastic demand curve than
their competitors whose relative price increases as a result of price
rigidity.

In other words, as Basu (2005), Dotsey and King (2005), and
Klenow and Willis (2006) show, a price elasticity of demand that is
increasing with the firm’s relative price generates a smoothed ver-
sion of a “kink” in the demand curve facing a given firm. Indeed,
it implies that consumers flee from individual items with high rela-
tive prices, but do not flock to inexpensive ones, creating “rigidity”
in the relative price a firm wants. Hence, the higher sensitivity of
the demand elasticity to the firm’s relative price in the post-1999
period has weakened the relationship between economic activity and
price dynamics in Italy and explains the slow adjustment of inflation
during a severe and long-lasting recession.

A flatter Phillips curve involves a higher sacrifice ratio than
otherwise, i.e., a longer spell of GDP below its natural level for
every desired reduction in inflation. However, it also implies that
an overheated economy will tend to induce a milder rise in inflation
and, vice versa, reduces the risk of deflation in the face of severe
downturns.

We see as fruitful directions for future research an investigation
of the deep forces behind the increase in strategic complementarities
we found in the estimation. Moreover, a cross-country analysis could
shed light on the determinants underlying the differences between
Italian and euro-area inflation dynamics.
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Appendix

Phillips-Curve Coefficients

The generalized Phillips curve under trend inflation, strategic com-
plementarities, and backward indexation can be described by the
following system of equations:

πt =
τp (1 + kDD)

1 + kDD + β̃τp

πt−1 +
β̃

1 + kDD + β̃τp

Et (πt+1)

+
k

1 + kDD + β̃τp

(
w̃r

t − m̃pnt

)
+

ω1

1 + kDD + β̃τp

Etφ̂t+1

+
ω2

1 + kDD + β̃τp

Etϕ̂t+1

φ̂t =
[
1 − βθΠ(1+η)ε(1−τp)

]{(
w̃r

t − m̃pnt

)
+ [(1 + η) εBB − DD ] Δt

}

+ βθΠ
(1+η)ε(1−τp)

Et

[
φ̂t+1 + (1 + η) εΔt+1

]

ϕ̂t = βθΠ
−(1−τp)

Et (ϕ̂t+1 − Δt+1) . (17)

The coefficients β̃, k, ω1, and ω2 are the following convolutions
of deep parameters:

β̃ ≡ βθ

CC

{
Π

(1+η)ε(1−τp)
(1 + η) ε + Π

[(1+η)ε−1](1−τp)

× [ηϕ′ ((1 + η) ε − 1) + AA (1 − ηP )] − ηϕΠ
−(1−τp)

}

(18)

k ≡ P̃
′(1+η)ε

ψ
R

φ

1
CC

(19)

ω1 =
βθ

CC
Π

[(1+η)ε−1](1−τp)
{

Π
(1−τp) − 1

}
(20)

ω2 =
βθ

CC
ηϕΠ

[(1+η)ε−1](1−τp)
{

Π
−(1+η)ε(1−τp) − 1

}
, (21)
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where we have defined

AA ≡

θ

{[
(1 − θ) P̃

∗1−(1+η)ε
+ θ (Πτp−1)1−(1+η)ε

] 1
1−(1+η)ε

−1

×
(
Πτp−1)1−(1+η)ε

+ ηΠτp−1
}

(1 − θ)
{[

(1 − θ) P̃
∗1−(1+η)ε

+ θ (Πτp−1)1−(1+η)ε
] 1

1−(1+η)ε
−1

× P̃
∗1−(1+η)ε

+ ηP̃
∗}

(22)

BB ≡

(1 − θ)
[
(1 − θ) P̃

∗1−(1+η)ε
+ θ

(
Π[(τp−1)(1−(1+η)ε)]

)]−1

× P̃
∗[1−(1+η)ε]

AA − θ

[
(1 − θ) P̃

∗[1−(1+η)ε]

+ θ
(
Π[(τp−1)(1−(1+η)ε)]

) ]−1

θ
(
Π[(τp−1)(1−(1+η)ε)]

)

(23)

DD ≡ εα

1 − α

⎡

⎢⎢⎣

(
˜P

∗

˜P
′

)−(1+η)ε

1
1+η

(
˜P

∗

˜P
′

)−(1+η)ε
+ η

⎤

⎥⎥⎦ (AA − BB) . (24)

Also, we have denoted with P̃
∗

≡ P ∗

P the relative price of the
optimizing firm (which is different from 1 as long as the steady-

state trend inflation is positive and τp < 1) and with P̃
′

= P ′

P

the steady-state ratio between P ′
t =

[∫ 1
0 Pt (i)1−(1+η)ε

di
] 1

1−(1+η)ε

and Pt.

The Measurement Equation

We consider four time series: the log-differences of real GDP
(Δ log Yt) and of the real wage (Δ log W r

t ) obtained by deflating
the earned income in manufacturing with the consumer price index,
and the log-levels of producer price inflation log(Pt/Pt−1) and of the



186 International Journal of Central Banking March 2015

short-term rate evaluated on a quarterly basis log(1+ Rt

400). Because
the model is expressed in log-deviations around the deterministic
growth path γ, the following measurement equation relates the set
of observables (on the left side) to the corresponding model variables
(on the right side):

⎡

⎢⎢⎢⎣

Δ log Yt

Δ log W r
t

log(Pt/Pt−1)
log(1 + Rt

400)

⎤

⎥⎥⎥⎦ =

⎡

⎢⎢⎢⎣

ỹt − ỹt−1 + log γ

w̃r
t − w̃r

t−1 + log γ

πp
t + log Π

rt − log β + log γ + log Π

⎤

⎥⎥⎥⎦ ,

where log Π is the average sample quarterly inflation.

An Analysis of Local Identification Base on Iskrev (2010a,
2010b)

The last decade has seen a notable development in the specifica-
tion and estimation of DSGE models with Bayesian full-information
methods. Pure maximum likelihood is rarely used because the map-
ping of DSGE models’ structural parameters to the coefficients of
the reduced form is highly non-linear, weak identification is frequent,
and Bayesian priors help to deal with likelihood functions presenting
flat surfaces in the economically reasonable portion of the param-
eter space. However, as Canova and Sala (2009) stress, Bayesian
methods, when improperly used, may conceal identification prob-
lems when they exist (on identification of Bayesian DSGE models,
see also Kleibergen and Mavroeidis 2013 and Koop, Pesaran, and
Smith 2013). The latter may arise for different reasons: a struc-
tural parameter might disappear from a log-linearized solution; two
structural parameters might enter the objective function only pro-
portionally, thus being separately unrecoverable; or the curvature of
the objective function might be insufficient.

These problems are hard to tackle because, in most cases, the
models at stake can only be solved numerically. It is often unfeasible
to derive explicitly the relationship between the deep parameters
and the statistical model used to estimate them and, thus, parame-
ters’ identification can only be assessed indirectly and with the use
of numerical methods. In other words, it is generally impossible to
establish what is called “global identification.”
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The latter can be defined as in Iskrev (2010b). Let ξ ∈ Ξ be
a k-dimensional vector of deep parameters, where ξ is a point in
the parameter space Ξ ⊂ Rk. Let σT be the vector collecting the
second moments of the data on which the estimation of ξ is based.
Let XT be the observed data. Then Iskrev (2010b) gives the follow-
ing definition: Suppose that the data XT is generated by the model
with parameter vector ξ0. Then ξ0 is globally identified by the second
moments of XT if and only if σT (ξ) = σT (ξ0) ⇔ ξ = ξ0 for any
ξ ∈ Ξ. If the previous condition is true only for values in an open
neighborhood of ξ0, the identification of ξ0 is only local.

While it is often not possible to establish global identification,
Iskrev (2010b) develops a rank condition for local identification that
applies to identification with limited- as well as full-information
methods. Local identification by itself does not guarantee that a
model is globally identified. Nevertheless, as Iskrev (2010b) stresses,
it is relevant to establish whether a model is locally identified for two
main reasons: first, local identification is sufficient for the asymptotic
properties of classical estimators to hold, and, second, parameters
that are globally unidentifiable everywhere in the parameter space,
either because they do not appear in the likelihood function at all
or because they are indistinguishable from other parameters, are
also locally unidentifiable. The rank condition developed by Iskrev
(2010b) reads as follows: Suppose that σT is a continuously differ-
entiable function of ξ, and let ξ0 be a regular point of the Jacobian
matrix J (T ) ≡ ∂σT

∂ξ′ . Then ξ0 is locally identifiable if and only if
J (T ) has a full column rank at ξ0.

In order to check formally whether estimation is possible or
whether there are serious identification issues, we verify the nec-
essary and sufficient conditions discussed by Iskrev (2010b) for the
parameters declared in the prior definition at the prior mean. To
do that, we make use of the routines developed by Ratto (2011).19

In particular, we consider the chain rule: J (T )=
∂σT

∂τ ′︸︷︷︸
J1(T)

∂τ

∂ξ′
︸︷︷︸
J2

, where J2

19We refer to a computational tool developed by M. Ratto (Joint Research Cen-
tre, European Commission), with the contribution of Nikolai Iskrev (see Ratto
2011). The routines are a set of algorithms for identification analysis. The Dynare
package, version 4, includes this tool for identification analysis of the DSGE
models (Juillard 1996).
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measures the effect of perturbations in ξ on the parameters char-
acterizing the equilibrium of the model. Finding that matrix J2 is
rank deficient at ξ means that this particular point is unidentifiable
in the model. Finding that J2 has full rank but J (T ) does not means
that ξ cannot be identified given the set of observed variables and
the number of observations.

We get that both J2 and J1(T ) have full rank: all estimated
parameters are locally identified at the prior mean.

We now turn to analyze how well identified are the identifiable
parameters. Indeed, even if the likelihood is not completely flat, it
can exhibit very low curvature with respect to some parameters,
which are said to be, in this case, weakly identified. We evaluate the
strength of identification by using the measures proposed by Iskrev
(2010a) and the set of routines developed by Ratto (2011) for the
Dynare package.

In particular, given the asymptotic information matrix IT (ξ) =
J ′
2Σ(mT )J2, where Σ(mT ) is the covariance matrix of simulated

moments, we compute two measures of the strength of identification.
The first one is

si =
√

ξ2
i /(IT (ξ)−1)(i,i). (25)

This measure can be thought of as composed of two components:
“sensitivity” and “correlation”: weak identification can be attrib-
utable to the fact that changing ξi does not change significantly
the likelihood, or that the effect on the likelihood of changing ξi

can be offset by changing other parameters (multicollinearity). The
sensitivity component is defined as

�i =
√

ξ2
i IT (ξ)(i,i). (26)

The second one is obtained by using the prior standard deviation
σ (ξi) to normalize the identification strength:

sprior
i = σ (ξi) /

√
(IT (ξ)−1)(i,i). (27)

In this case the “sensitivity” component reads as follows:

�prior
i = σ (ξi)

√
IT (ξ)(i,i). (28)
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Figure 5. Identification Strength with Asymptotic
Information Matrix (log-scale)
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Figure 5 plots the strength of identification for all estimated
parameters relative to both the parameter’s value and its prior
standard deviation (the model parameters on the x-axis are ranked
in increasing order of strength of identification). Figure 6 shows the
sensitivity component. We can conclude that all parameters are iden-
tified and have a non-negligible effect on the moments. However,
identification is quite weak for the four parameters in the Taylor
rule: φY , σμ, φπ, and ρr. This result is in line with an ample litera-
ture that has recently pointed out the weak identifiability of Taylor
coefficients (see, for example, Cochrane 2011 and Qu and Tkachenko
2012). As expected, the comparison between figures 5 and 6 suggests
that such weak identifiability depends on multicollinearity.

Markov Chain Monte Carlo Diagnostics

As specified in the main text, for each sample we run three chains of
1,000,000 Metropolis-Hastings simulations. If the results are sensible,
they should be similar within any of the 1,000,000 iterations of
Metropolis-Hastings simulations and close across chains. We refer
to Brooks and Gelman (1998) to check for convergence.
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Figure 6. Sensitivity Component with Asymptotic
Information Matrix (log-scale)
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More in particular, let ξij be the ith draw out of I, in the
jth sequence out of J . Let ξ•j be the mean of the jth sequence
and let ξ•• be the mean across all available data. We define with
B̂ = 1

J−1

∑J
j=1

(
ξ•j − ξ••

)2
the estimate of the “between” variance

of the mean σ2/I, and with B = B̂I an estimate of the variance.
We denote with Ŵ = 1

J

∑J
j=1

1
I

∑I
i=1

(
ξij − ξ•j

)2
and with W =

1
J

∑J
j=1

1
I−1

∑I
i=1

(
ξij − ξ•j

)2
two estimates of “within” variance.

To have sensible results, one should have limI→∞B̂ → 0 and
limI→∞Ŵ → constant. These can obviously be done for any
moments, not just the variance.

Figures 7 and 8 report W (line with circles) and (Ŵ + B̂) (line
with stars) of three measures of parameters moments: “m2,” being
a measure of the variance; “m3” based on third moments; and
“interval,” being constructed from the 80 percent confidence inter-
val around the parameter mean. As was said before, to have reliable
results, these should be relatively constant and should converge.
Figures 9 and 10 show an aggregate measure based on the eingenval-
ues of the variance-covariance matrix. The horizontal axis represents
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Figure 7. Convergence Diagnostic. Univariate Analysis.
Pre-1999
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Figure 8. Convergence Diagnostic. Univariate Analysis.
Post-1999
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Figure 9. Convergence Diagnostic. Multivariate Analysis.
Pre-1999
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Figure 10. Convergence Diagnostic. Multivariate
Analysis. Post-1999
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the number of Metropolis-Hastings iterations, whereas the vertical
axis represents the measure of the parameter moments.

Both univariate and multivariate analysis confirm that we obtain
convergence and stability in all measures of the parameter moments.
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Although central banks recently expanded their balance
sheets by unconventional policy actions, little theory is avail-
able to explain how and when central banks’ balance sheets
affect inflation and impose restrictions on monetary policy.
A DSGE model predicts that central banks’ balance sheet
shocks affect inflation through private agents’ portfolio adjust-
ments when fiscal authorities do not financially support central
banks. In those cases, central banks cannot successfully unwind
inflated balance sheets and stabilize inflation during the imple-
mentation of exit strategy. Therefore, fiscal authorities’ backup
is a pre-condition for effective monetary policy when central
banks are engaged in quasi-fiscal policy roles.

JEL Codes: E31, E58, E63.

1. Introduction

Recently, central banks implemented unconventional operations by
accumulating risky assets in an attempt to mitigate the financial
turmoil that began in 2008 and the euro-zone fiscal crises. The oper-
ations altered the central banks’ balance sheets in both size and
substance, and the magnitude of these operations was significant.1
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1For example, the Federal Reserve System’s asset account was $894 billion at
the end of 2007 but increased to $2.266 trillion at the end of 2008.
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These operations can be referred to as a “quasi-fiscal policy” of cen-
tral banks because they do not conform to traditional monetary
policy, which is used to stabilize inflation by controlling the policy
interest rate.2 Instead of being innate to central banks, most of these
activities could be implemented by fiscal authorities. In this paper,
a quasi-fiscal policy is defined as any policy action that affects the
central banks’ balance sheets, with the exception of the traditional
monetary policy mentioned above. For example, since credit-easing
operations alter the composition of the central banks’ asset accounts,
they are considered quasi-fiscal policies.

Some have worried that the quasi-fiscal policies of the central
bank may undermine its independence and ability to stabilize infla-
tion (Sims 2003; Goodfriend 2011). In this regard, Goodfriend (2011)
proposed accord principles between the central banks and fiscal
authorities that will insulate the central banks from quasi-fiscal pol-
icy shocks (or central banks’ balance sheet shocks). Also, an empir-
ical study by Klüh and Stella (2008) showed that financially weak
central banks were ineffective in stabilizing inflation. However, little
economic theory is available to explain how and when the central
banks’ quasi-fiscal policy affects inflation and imposes restriction on
monetary policy. The issue can be particularly crucial for central
banks without sound fiscal support, such as the European Central
Bank. This paper proposes a simple dynamic stochastic general equi-
librium (DSGE) model in order to address the following questions:
(i) Do quasi-fiscal policies and the central banks’ balance sheets
affect inflation? and (ii) Do the central banks’ balance sheets have
implications for policy interactions between the central banks and
fiscal authorities?

The model predicts that the central banks’ balance sheet
shocks affect inflation through private agents’ (households’) portfo-
lio adjustment when the fiscal authorities do not financially support
central banks. That is, in that particular policy regime, the price
level is determined by a ratio between the nominal and real value of
the central bank’s net liability. For example, suppose that a central

2Mackenzie and Stella (1996) defined a quasi-fiscal activity as “an operation
or measure carried out by a central bank . . . with an effect that can, in principle,
be duplicated by budgetary measures . . . and that has or may have an impact
on the financial operations of the central bank” (p. 17).
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bank with a negative capital suffers additional losses from long-term
bond holdings while the central bank tries to increase the short-term
interest rate in response to inflationary pressure. As the real value
of holding the central bank’s net liability falls below the equilibrium
with the negative return shock, the private agent tries to decrease
holdings of the central bank’s liability (nominal money balance) and
increase consumption. In the end, the general price level increases,
and the central bank passively increases nominal money supply in
order to satisfy real money balance demand. Paradoxically, the hike
in the policy rate induces inflation in this case. In other words, the
central bank is confined to a situation where it cannot play an active
role in stabilizing inflation. Since fiscal support of the central bank’s
balance sheet precludes such type of equilibrium, therefore, the fiscal
authority’s backup is a pre-condition for effective monetary policy
when the central bank is engaged in the other policy role such as
maintaining financial stability.

Sargent and Wallace (1981), Leeper (1991), and Sims (1994) con-
nected monetary and fiscal policy by showing that one policy may
impose restrictions on the other policy, and that the two policies
should interact in a coherent way in order to deliver a unique equilib-
rium. In this conventional approach to policy interaction, the budget
constraints of the central banks and fiscal authorities are consoli-
dated into a single equation. In other words, conventional models
implicitly assume that the fiscal authorities acknowledge the cen-
tral banks’ liabilities and assets as their own liabilities and assets,
and that the central banks’ losses are automatically compensated by
the fiscal authorities. Owing to these assumptions, in conventional
models the budget constraint of the central banks does not impose
restrictions on the equilibrium.

However, questions can be raised about this conventional
assumption. Stella and Lönnberg (2008) surveyed 135 central banks
and discovered that laws did not always guarantee the fiscal author-
ities’ responsibility for the central banks’ liabilities, and that the
fiscal authorities are not always prompt in recapitalizing the central
banks. In this regard, this paper relaxes the conventional assumption
by elaborating on the institutional details which state that the cen-
tral banks’ flow budget constraint is separate from the fiscal author-
ities’ flow budget constraint. In addition, this paper’s public-sector
model includes the fiscal authorities’ transfer rule for recapitalizing
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the central banks, and this transfer rule is the key additional policy
that interacts with other traditional policies (monetary and fiscal).

Furthermore, this paper departs from conventional models by
assuming that the real values of the central banks’ and fiscal author-
ities’ liabilities have finite upper bounds, which are the expected
present values of their future earnings. Owing to this assumption,
the peculiar equilibria, where the fiscal authorities and central banks
can run a Ponzi scheme on each other and the real value of the cen-
tral banks’ capital grows (or shrinks) infinitely, are excluded from
this paper. By utilizing this assumption and the institutional details
of the flow budget constraints, we show that the intertemporal equi-
librium condition from the central banks’ budget constraint (the
central banks’ net liability valuation formula) restricts equilibrium
inflation in a certain policy regime.

In the above-mentioned policy regime, the transfer rule between
the central banks and fiscal authorities is “active,” while monetary
and fiscal policies are “passive.”3 The active transfer rule means that
the fiscal authorities do not stabilize the central banks’ real capital
and do not increase the fund transfer to the central banks when losses
are incurred. As described in the previous example, monetary and
fiscal policies are passively adjusted in order to satisfy the other equi-
librium conditions, thus equilibrium inflation is uniquely determined
by the central banks’ net liability valuation formula in this regime.
In this regard, this paper is an extension of the fiscal theory of the
price level (FTPL) such as Leeper (1991). The model in this paper
includes two intertemporal equilibrium conditions (from the public
sector’s separated flow budget constraints) and three policy instru-
ments (monetary, fiscal, and transfer rule), whereas one intertem-
poral equilibrium condition (from the public sector’s consolidated
flow budget constraint) and two policy instruments (monetary and
fiscal) exist in the conventional FTPL.

A few studies have been completed that shed light on the effects
of concerns over the central banks’ balance sheets. Jeanne and Svens-
son (2007) showed that if the central banks suffer losses when their
capital falls below a fixed level, then the central banks’ commitment

3Active and passive policies are defined by Leeper (1991). That is, an active
policy is not constrained by the private agent’s optimization (thus equilibrium
conditions), states of the economy, and other policies.
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to escape from the liquidity trap is more credible. Sims (2003)
showed that the central banks’ balance sheet concerns might under-
mine the central banks’ abilities to prevent inflation. Berriel and
Bhattarai (2009) showed that the optimal monetary policy is signif-
icantly different when the central bank’s budget constraint is sep-
arate from the fiscal authorities’ budget constraint. Specifically, as
the central banks place higher effective weight on inflation in the
loss function, the variation in inflation decreases.

One of the differences between this paper and previous literature
on the central banks’ balance sheets is that a new type of equilib-
rium exists even if the policy interest rate does not depend upon the
status of the central banks’ balance sheets. For example, in Jeanne
and Svensson (2007) and Berriel and Bhattarai (2009), the central
banks’ loss function includes a deviation of the central banks’ real
capital. In these cases, the central banks’ monetary policy behav-
ior may be restricted by the balance sheet concerns. However, the
monetary policy behavior in this paper follows a simple Taylor rule.
In other words, the central bank, in this paper, will not generate
seigniorage in response to its balance sheet concerns.

The remainder of this paper is organized as follows. In section 2,
we build the model for the rational expectations general equilibrium
in exact non-linear forms. In section 3, the equilibrium conditions are
linearized around the deterministic steady state in order to derive
analytic solutions. In addition, we explain the equilibrium in the
active transfer rule regime in this section. The benchmark model
is extended to include the exit strategy in section 4, and section 5
concludes the paper.

2. The Model

2.1 Private Agent’s Optimization

This model is a closed-economy dynamic stochastic general equilib-
rium (DSGE) model with money in the utility function. Output is
given by the exogenous endowment process {yt}∞

t=0 for simplicity.
The representative agent solves the following problem:

max
{ct,Mt,BA

t }∞
t=0

E0

[ ∞∑

t=0

βt

{
u(ct) + v

(
Mt

Pt

)}]
, 0 < β < 1, (1)
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such that

ct +
Mt

Pt
+

BA
t

Pt
≤ yt − τt +

Mt−1

Pt
+

(1 + it−1)BA
t−1

Pt
,

ct, Mt ≥ 0, ∀t ≥ 0,

M−1 + (1 + i−1)BA
−1 > 0,

where u(·) is the utility function for consumption, v(·) is the util-
ity function for the real money balance, ct is the single consumption
goods, τt is the lump-sum tax, Mt is the nominal money balance, the
agent holds BA

t units of the government’s risk-free one-period nomi-
nal bonds, Pt is the price level, Et[·] is the expectation based on the
information available in period t, it is the risk-free net nominal inter-
est rate, and the initial level of financial wealth M−1 + (1 + ii)BA

−1
is given exogenously. The first-order condition yields the following
Euler equations:

v ′(mt)
u′(ct)

+ Et

[
Xt,t+1

Pt

Pt+1

]
= 1, (2)

1
Rt

= Et

[
Xt,t+1

Pt

Pt+1

]
, (3)

Xt,t+1 ≡ β
u′(ct+1)
u′(ct)

, Rt ≡ 1 + it,

where u′(·) and v ′(·) refer to the first-order derivative of u(·) and
v(·), mt is the real money balance, Mt/Pt, Xt,t+1 is the real pricing
kernel (or the discount factor) between period t and t + 1, and Rt

is the risk-free gross nominal interest rate. Equation (2) governs the
money demand of the agent and equation (3) leads to the Fisher
equation.

In order to ensure the existence of the agent’s unique optimal
choice, additional conditions should be assumed. Specifically, the
agent cannot borrow a greater amount than the finite present value
of her future income. This no-Ponzi-scheme restriction is expressed
in the following condition:

wA
t ≡

Mt−1 + Rt−1B
A
t−1

Pt
≥ −

∞∑

T=t

[Xt,T (yT − τT )] > −∞,∀t, (4)
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where wA
t is the agent’s real financial wealth at period t and

Xt,T ≡
∏T−1

s=t Xs,s+1. In the optimal path, the flow and intertempo-
ral budget constraint are satisfied by equality and it can be shown
that (1) and (4) lead to the following transversality condition:

lim
T→∞

Et[Xt,T wA
T ] = 0,∀t. (5)

The market clearing conditions are imposed for the general
equilibrium. Specifically, the goods market, the nominal money
market, and the government bonds market should be cleared as
follows:

ct = yt, (6)

Ms
t = Mt, (7)

Bs
t = BA

t + BC
t ,∀t, (8)

where Ms
t is the nominal money supply, Bs

t is the government nom-
inal bonds supply, and BC

t is the central bank’s demand for the
government nominal bonds.4 Then, after imposing market clearing
conditions, the Euler equations turn into the following equilibrium
conditions under the standard assumptions on preferences:

Ms
t

Pt
= f∗

(
it

1 + it
u′(yt)

)
≡ f(yt, it), (9)

1
Rt

= Et

[
β

u′(yt+1)
u′(yt)

Pt

Pt+1

]
,∀t, (10)

where f∗(·) refers to the inverse function of v ′(·). Equation (9) states
that the supply of the real money balance should be equal to the
agent’s real money demand, and equation (10) is the Fisher equa-
tion. In order to completely define the rational expectations general
equilibrium, the policy behavior of the fiscal authority and the cen-
tral bank should be specified. Sections 2.2 and 2.3 will explain the
public-sector model and the policy behavior.

4Determination of BC
t will be explained in the next section.
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2.2 Public-Sector Model

Goodfriend (2011) argued that the quasi-fiscal operations5 of the
central bank may undermine monetary policy’s credibility and inde-
pendence, thus an “accord” between the central bank and the fiscal
authority is needed in order to ensure the central bank’s ability
to stabilize the economy. In his proposal, the accord principle is to
minimize the central bank’s exposure to balance sheet risks and to
guarantee the central bank’s credit to the private sector by the fiscal
agent. Then the question is, what would happen in the general equi-
librium model if such an accord does not exist? In order to tackle the
issue, this section elaborates a public-sector model by incorporating
the details of central banking.

The first aspect of institutional details is an isolation of the
central bank’s balance sheet from the fiscal authority. Owing to
this factual aspect, the flow budget constraint of the consolidated
government in conventional models is divided into two equations:
one for the central bank and one for the fiscal authority. The sec-
ond aspect consists of assumptions about the agent’s expectations
in regard to the two public institutions’ liabilities. Similar to the
no-Ponzi-scheme assumption in conventional models, the second-
aspect assumptions turn the separated flow budget constraints of
the two institutions into separated intertemporal equilibrium con-
ditions (IECs). These separated intertemporal equilibrium condi-
tions impose an additional restriction on the equilibrium, and the
additional restriction is a main deviation from conventional models.

2.2.1 Separation of Flow Budget Constraint

The consolidated government’s flow budget constraint in conven-
tional models is as follows:

0︸︷︷︸
Δasset

=
BA

t − BA
t−1

Pt
+

Mt − Mt−1

Pt︸ ︷︷ ︸
Δliability

+ st −
it−1B

A
t−1

Pt︸ ︷︷ ︸
Δcapital

, (11)

5Goodfriend (2011) defined “credit policy” as adjustments of asset portfolio
composition of the central bank, such as “lending to particular borrowers with
proceeds from the sale of treasuries.” The credit policy, in his definition, can be
rendered as quasi-fiscal policy, as it affects the central bank’s balance sheet.
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where the fiscal surplus st is the lump-sum tax τt less the fiscal
authority expenditure in units of real goods.6 The liability includes
both the fiscal authority’s debts issued to households and nominal
money balance, since the balance sheets of two institutions have
been consolidated in this case.

If the public-sector model reflects the fact that the central bank’s
balance sheet is isolated from the balance sheet of fiscal authority,
then the consolidated constraint (11) should be divided into two
constraints as follows:

BC
t − BC

t−1

Pt︸ ︷︷ ︸
Δasset

=
Mt − Mt−1

Pt︸ ︷︷ ︸
Δliability

+
it−1B

C
t−1

Pt
+ κt

︸ ︷︷ ︸
Δcapital

, (12)

0︸︷︷︸
Δasset

=
Bt − Bt−1

Pt︸ ︷︷ ︸
Δliability

+ st − κt − it−1Bt−1

Pt︸ ︷︷ ︸
Δcapital

, (13)

where Bt refers to the fiscal authority’s total debt sold to house-
holds and to the central bank (Bt = BC

t + BA
t ), the central bank

accumulates the fiscal authority’s bonds (BC
t ) as an instrument for

open-market operations, and κt refers to the transfer from the fiscal
authority to the central bank in the real goods unit.7 Note that the
central bank’s budget constraint (12) omits the central bank’s var-
ious accounts such as risky loans to the financial sector, which are
accrued by quasi-fiscal activities, for simplicity.

2.2.2 Separation of Intertemporal Equilibrium Condition

The central bank’s separated budget constraint (12) is an accounting
identity which does not necessarily affect equilibrium. However, an
extra set of assumptions, which governs the private agent’s expec-
tations on the two public institutions’ relationship, turns the iden-
tity into an equilibrium condition. The argument is similar to the
conventional models’ cases, such as Woodford (2001), where the

6The government spending is assumed to be zero for all time periods. No result
relies on this assumption.

7Central banks generally submit their net profits to fiscal authorities. In this
case, κt is a negative number.
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consolidated government budget constraint (11) can be solved for-
ward to derive the unified IEC (government debt valuation formula),

Mt−1 + Rt−1B
A
t−1

Pt
=

∞∑

T=t

Et

[
Xt,T

(
iT

1 + it
f(yT , iT ) + sT

)]
, (14)

while the equilibrium conditions and the transversality condition (5)
are substituted into the constraint.

Proposition 1 states that the unified IEC is separated into two
IECs when the agent expects that the central bank and the fiscal
authority have bounded real values for their liabilities.

Proposition 1. Suppose conditions (15) and (16) are true, |wA
t | <

∞,8 and Pt, Xt,T > 0 for all t and T > t:

dC
t ≡

Mt−1 − Rt−1B
C
t−1

Pt
≤

∞∑

T=t

Et

[
Xt,T

(
iT

1 + iT
f(yT , iT ) + κT

)]

< ∞, (15)

dF
t ≡

Rt−1B
A
t−1 + Rt−1B

C
t−1

Pt
≤

∞∑

T=t

Et[Xt,T (sT − κT )] < ∞. (16)

Then the unified IEC (14) is separated into two IECs.

Proof. Note that d
C(F )
t refers to the real net liability of the central

bank (the fiscal authority) at period t and wA
t = dC

t + dF
t . Intu-

itively, conditions (15) and (16) mean that the real values of the
central bank and the fiscal authority liabilities cannot be greater
than the expected present value of the future earnings. Appendix 1
shows that the following two equations are equivalent to conditions
(15) and (16):

lim
T→∞

Et[Xt,T dC
T ] = 0, (17)

8Arguably, the real value of government liability (wA
t ) is bounded. One can

imagine equilibria where the lump-sum-tax-to-output ratio is unbounded. In these
equilibria, it may be possible that the government-liability-to-output ratio as
well as the lump-sum-tax-to-output ratio are explosive, while the tax-to-debt
ratio remains finite. Canzoneri, Cumby, and Diba’s (2001) results showed the
Ricardian equivalence under these equilibria. This paper excludes these bizarre
equilibria by assumption.
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lim
T→∞

Et[Xt,T dF
T ] = 0, ∀t, T > t. (18)

Then, the flow budget constraints (12) and (13) are turned into the
following IECs by imposing equilibrium conditions (9) and (10), and
conditions (17) and (18).

Mt−1 − Rt−1B
C
t−1

Pt
=

∞∑

T=t

Et

[
Xt,T

(
iT

1 + iT
f(yT , iT ) + κT

)]
, (19)

Rt−1B
A
t−1 + Rt−1B

C
t−1

Pt
=

∞∑

T=t

Et[Xt,T (sT − κT )]. (20)

Note that equation (14) is a sum of equations (19) and (20).

I refer to the IEC (19) as “the central bank’s net liability valu-
ation formula” because equation (19) indicates that the real value
of the central bank’s net liability is equal to the expected present
value of the seigniorage and the transfer earnings from (or payment
to) the fiscal authority.9 The IEC (20) states that the real value of
the fiscal authority’s total liability is supported by the current and
future fiscal surplus less the transfer to the central bank. It should
also be noted that equations (19) and (20) are not constraints, but
are equilibrium conditions from the Euler equations, the optimal
conditions, the agent’s expectations on the policy institutions, and
flow budget constraints.

Remark 1. The crux of assumptions (15) and (16) is that the
expected present value of the transfers between the two institutions
is finite.

In this model, the present values of the seigniorage and fiscal sur-
plus converge to finite values. The convergence of the present value

9In order to ensure Pt > 0, it is further assumed that the expected present val-
ues of the seigniorage, the fiscal surplus, and the transfer are consistent with the
positive price level. For example, in equation (19), the positive central bank capi-
tal (Mt−1−Rt−1B

C
t−1 < 0) implies that the expected present value of future trans-

fer from the central bank to the fiscal authority is greater than the seigniorage
revenue.
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of the seigniorage revenue can be shown by the agent’s intertemporal
budget constraint, which is inequality (21).10

∞∑

T=t

Et

[
Xt,T

(
cT +

iT
1 + iT

MT

PT

)]
≤ wA

t +
∞∑

T=t

Et [Xt,T (yT − τT )] .

(21)

The right side of inequality (21) is positive and bounded, which
is implied by the agent’s no-Ponzi-scheme assumption (4) and the
assumption |wA

t | < ∞. Since both consumption and the real bal-
ance holding are positive, then the present value of the seigniorage
is finite in any equilibrium. The present value of the fiscal surplus
should also be finite in the IEC (14). Since the terms other than the
present value of transfer are all finite in (15) and (16), the validity of
assumptions (15) and (16) hinges on the convergence of the expected
present value of the transfers.

A sufficient condition for the convergence of the transfer in the
deterministic case is presented in condition (22). Using the ratio test
for the convergence of the infinite series, we get

limsup
∣∣∣∣XT,T+1

κT+1

κT

∣∣∣∣ < 1, |κT | < ∞. (22)

Condition (22) means that the transfer may grow faster than the real
interest rate for only a finite number of time periods. If the trans-
fer grows faster than the real rate for an infinite number of time
periods, then the real values of the public institutions’ liabilities will
grow (or shrink) indefinitely by the flow budget constraints. In this
case, the exploding transfer should ultimately be financed by the
exploding BC since the convergence of the seigniorage and surplus
implies that the asymptotic growth rates of the seigniorage and sur-
plus will fall below the real interest rate. The conventional models,
without assumptions (15) and (16), have not excluded this peculiar
scenario. In this perspective, the additional set of assumptions (15)
and (16) is a lax requirement for the public-sector model because
the exploding-liabilities scenario is hardly imaginable. Indeed, it is
observed that restrictions (15) and (16) have been in effect, and

10The derivation of this formula follows proposition 2.1 in Woodford (2003).
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that the restrictions become more plausible with the recent trend
of the central banks’ policy independence. These two rationales are
elaborated as follows.

First, the value of the transfers between the governments and
central banks (or banknote-issuing commercial banks) has been lim-
ited in the history of central banking. In the early stage of the central
banks’ evolution, they were bestowed a charter to issue monetary lia-
bility in return for financial favors to the governments. Although the
early central banks provided financial services to the governments,
the governments usually did not support the early central banks
when they were in distress. This feature was revealed by the pub-
lic’s distrust of banknotes in the face of financial crises (Goodhart
1988, pp. 19–20). For example, the failure of John Law’s Banque
Royale in France (1720) and the suspension of gold convertibility
in England (1797–1819) showed that governments have refused (or
been unable) to support the values of the central banks’ liabilities. If
the governments’ transfers to the central banks have infinite present
values, then the government should have injected gold (or silver)
into the central banks’ vaults in order to ensure the convertibility
of the banknotes. However, the exact opposite scenario has occurred
in history. That is, the governments often suspended convertibility
during times of fiscal need. Also, during some occasions, such as dur-
ing the First World War in Germany, the central banks transferred
funds to the governments on a large scale, but such operations came
to an end with the occurrence of hyperinflation and regime changes.

Second, as more emphasis is placed on the central banks’ pol-
icy independence, assumptions (15) and (16) (or equivalently, (17)
and (18)) have become more plausible. That is, Sims (2003) claimed
that a trend has occurred to prohibit the compulsory accumulation
of the fiscal authority debts by the independent central bank, and
that the transactions between the fiscal authority and the indepen-
dent central bank should be mere by-products of monetary policy.
The intuition on conditions (17) and (18) conforms to the above
statements. Specifically, (17) and (18) imply that neither the cen-
tral bank nor the fiscal authority can run a Ponzi scheme on the
other entity. The Ponzi-scheme scenario is obviously unacceptable
to the central banks which have policy independence where acquisi-
tions of government debts only occur for monetary policy purposes.
In other words, the policy-independent central bank is expected to
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reject extreme paths of transfer which violate condition (22) and
the budgetary independence requirement. In sum, conditions (15)
and (16) hold ubiquitously for the central banks and are a sensi-
ble assumption because the concept is well applicable to both the
early central banks and the modern central banks which have policy
independence.

2.3 Policy Behavior

In conventional literature, generally, monetary policy determines the
path of the policy interest rate, while fiscal policy decides the path
of the fiscal surplus {st}. A description of monetary and fiscal policy
behavior is sufficient for determining a unique equilibrium price level
in conventional literature because the two terms sufficiently charac-
terize the policy behaviors in (14). However, in this paper, another
policy rule must also be established in order to determine the equi-
librium, as there is an additional unspecified policy variable {κt}.
This section proposes a rule for the fiscal authority’s transfer to the
central bank {κt}.

2.3.1 Clarification on Quasi-Fiscal Policy

The term quasi-fiscal policy covers a wide range of policy behav-
iors. As it was already defined in the Introduction, quasi-fiscal pol-
icy refers to any action, except monetary policy, that affects the
central bank’s balance sheet. Additional clarifications can be made
with respect to the following questions: (i) Which public institution
decides quasi-fiscal policy? (ii) What are the policy instruments?
and (iii) Why does this model focus on the transfer between the two
institutions?

In regard to the authority in charge of quasi-fiscal policy, both
the fiscal authority and the central bank may, in general, decide
quasi-fiscal policy. For example, if the central bank decides to pro-
vide liquidity to the financial sector, the policy may be the central
bank’s decision. The transfer from the fiscal authority to the central
bank is also quasi-fiscal policy, and if the fiscal authority decides
not to transfer funds to the central bank, then the fiscal authority
determines the quasi-fiscal policy in this case.
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Policy instruments can also vary based on specific cases. In order
to provide liquidity to the financial sector, the central bank can pur-
chase risky assets from the financial sector. In this case, quasi-fiscal
policy is implemented by adjusting the central bank’s asset account.
The sterilized foreign exchange rate intervention is another exam-
ple in which the central bank’s asset account (foreign reserve) is the
policy instrument. When a quasi-fiscal activity is aimed at recapi-
talizing the central bank, the transfer rule from the fiscal authority
to the central bank can be used as an instrument.

The benchmark model of this paper excludes all other quasi-fiscal
policies and focuses only on the transfer from the fiscal authority
to the central bank. This modeling choice is related to the notion
of policies’ activeness. Leeper (1991) stated that active policy is
not constrained by the state of the economy. Specifically, in Leeper
(1991), fiscal policy is active when the fiscal authority pays little
attention to the level of the real value of government debt when it
determines the fiscal policy instrument, the lump-sum tax. In other
words, the level of government debt is one of the states of the econ-
omy in conventional models. In this paper, the state of the economy
includes the level of government debt as well as the central bank’s
capital, which is obvious from the IEC (19) and (20). Then, the
modeling choice is to determine which particular quasi-fiscal policy
is the most appropriate instrument with which to target the central
bank’s capital. Targeting the central bank’s capital means that the
fiscal authority uses the quasi-fiscal policy instrument in order to
maintain a certain level of the central bank’s capital. Therefore, if
the fiscal authority does not target the central bank’s capital, the
quasi-fiscal policy is active. One of the most direct ways to target
the central bank’s capital is to transfer funds from the fiscal author-
ity to the central bank because the central banks do not generally
impose direct taxes on the agent. Therefore, an appropriate way to
model the central bank’s capital targeting behavior is the transfer
rule.

2.3.2 Policy Rules

In this section, linear policy rules are introduced in order to spec-
ify the policy behaviors. First, monetary policy follows the simple
Taylor rule. That is, the central bank sets the risk-free gross interest
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rate (policy interest rate) in response to contemporary inflation as
follows:

Rt = α0 + απt + θt, (23)

θt = ρθθt−1 + εθt, (0 ≤ ρθ < 1),

where αt and α are policy parameters, θt refers to the monetary pol-
icy shock which follows the AR(1) process, and εθt is white noise.
Note that the central bank does not adjust the policy interest rate
in response to its capital level. In other words, the model central
bank does not try to target its capital by printing money.

Second, the fiscal authority determines the transfer to the central
bank by following the next rule:

κt = κ0 + γQ(cap − bC
t−1 + mt−1) + ξt, (24)

ξt = ρξξt−1 + εξt, (0 ≤ ρξ < 1),

where κ0 and γQ are policy parameters, ξt is the AR(1) random
policy shock, bC

t−1 − mt−1(≡ BC
t−1/Pt−1 − Mt−1/Pt−1) is the real

capital of the central bank, cap is the central bank’s real capital
target, and εξt is white noise. The transfer rule (24) states that the
transfer between the central bank and the fiscal authority may or
may not be responsive to the level of the central bank’s real capi-
tal. When the central bank’s real capital falls below the target level
(cap), the fiscal authority’s transfer to the central bank increases if
the parameter γQ is strictly positive. If the parameter γQ is zero,
then the fiscal authority does not adjust its transfer to the central
bank in response to the level of the central bank’s capital. The trans-
fer shock ξt is the random part of the transfer. The following sections
of this paper show that the central bank’s earning shock may affect
inflation when γQ is sufficiently small.

One may argue against the practical relevance of the transfer
rule by assuming that κt always stabilizes the central bank’s capital
in practice. It is generally true that central banks remit their posi-
tive net profit to fiscal authorities, while maintaining a certain level
of capital. However, in contradictory cases where the central bank
has a negative net profit, the remittance from the fiscal authority to
the central bank is not guaranteed. The asymmetry in the disposal
of profits and losses is ubiquitous for the central banks around the
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world, including the Federal Reserve System of the United States
(Stella and Lönnberg 2008). Even if the transfer (κt) becomes irre-
sponsive to the central bank capital only temporarily, the transfer
rule still may affect equilibrium. Chung, Davig, and Leeper (2007)
showed that features of the other policy regime can be embedded into
the equilibrium of the current regime through the agent’s expecta-
tion in an environment where policy is switching between regimes.

Finally, the fiscal authority determines fiscal surplus st by the
rule (25). Given this rule, the fiscal surplus may or may not be
constrained by the level of the fiscal authority’s debt.

st = γ0 + γF bA
t−1 + ψt, (25)

ψt = ρψψt−1 + εψt, (0 ≤ ρψ < 1),

where γ0 and γF are the policy parameters, bA
t is the real value of

the fiscal authority’s debt held by the agent (BA
t /Pt), ψt is an AR(1)

fiscal policy shock, and εψt is white noise.

2.4 Equilibrium

The rational expectations general equilibrium is defined as the
sequence of price {Pt}, the sequences of policy variables {Rt, st, κt},
and the sequences of allocations {ct, Mt, M

s
t , BA

t , BA
t , BC

t , Bs
t }. The

sequences satisfy equilibrium conditions (9) and (10); the market
clearing conditions (6), (7), and (8); the public-sector budget con-
straints (12) and (13); and the policy rules (23), (24), and (25), given
the exogenous processes {yt, θt, ξt, ψt}. In addition, the optimal con-
dition (5) and the assumptions (17) and (18) are satisfied in the
equilibrium.

This paper focuses on the equilibrium in which the central bank’s
net liability valuation formula (19) uniquely determines the price
level. Similar to Cochrane’s (2001) characterization of the fiscal the-
ory of the price level, the price level is determined by the ratio of
the central bank’s net liability to the present value of the central
bank’s future earnings in such equilibrium. The complete charac-
terization of the policy regime in which such equilibrium is real-
ized will be explored in section 3 within the context of a linearized
system.
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3. Linearized System

In this section, the equilibrium conditions are linearized around
the deterministic steady state, while the equilibrium conditions are
expressed in exact non-linear forms in section 2. Specifically, this
section’s analysis is restricted to the equilibria with the bounded
inflation rate and real values of bonds (bA

t and bC
t ).11 In addition,

this section assumes the log-utility function and a constant output
for simplicity.

u(ct) = log ct, v
(

Mt

Pt

)
= χ log

Mt

Pt
, yt = y, ∀t, (26)

where χ is a parameter for the marginal rate of substitution between
consumption and the real money balance. In this simple case, the
equilibrium conditions from the private agent’s behavior, (9) and
(10), become the next two equations.

Mt

Pt
= χy

Rt

Rt − 1
, (27)

1
Rt

= βEt

[
1

πt+1

]
, (28)

where the inflation rate πt+1 ≡ Pt+1/Pt. Another notable simplifi-
cation from the log-utility and constant output assumption is that
the seigniorage and real pricing kernel are constant for each period.

it
1 + it

f(yt, it) = χy, (29)

Xt,t+1 = β,∀t. (30)

3.1 Policy Interactions

The linear dynamic system is derived from the equilibrium condi-
tions of the private agents’ optimization ((27) and (28)), the policy

11If we restrict the analysis to the equilibria with the bounded inflation, then
the real values of bonds should also be bounded owing to the assumptions of
proposition 1.
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rules ((23), (24), and (25)), and the public sector’s flow budget con-
straints ((12) and (13)), after they have been linearized. In order to
apply Sims’s (2001) algorithm, the system is summarized in a matrix
form as follows:

Γ0xt+1 = Γ1xt + Φ0zt+1 + Φ1zt + Πt+1, (31)

where the vector of the endogenous variables is x1 ≡ (dπt, dbC
t , dbA

t )′,
the vector of the exogenous shocks is zt ≡ (θt, ξt, ψt)′, the forecast-
error vector is Πt+1 ≡ (ηt+1, 0, 0)′, ηt+1 ≡ πt+1 − Et[πt+1],Γ and Φ
are 3 × 3 parameter matrices, and the “d” notation is used for the
linear deviation from the deterministic steady state.

Proposition 2. Three regions of policy parameter space (regimes)
deliver unique stationary solutions of the system (31).

Proof. In order to uniquely determine the system’s (31) solution,
only one of the eigenvalues of the transition matrix Γ−1

0 Γ1 should
be greater than one in absolute value because only one endogenous
forecast error (ηt+1) exists in the system.12 The three eigenvalues
are as follows:

αβ, β−1 − γQ, β−1 − γF .

That is, the existence and uniqueness of the solution depends upon
the policy parameters (α, γQ, and γF ) and the deep behavioral
parameter (β). In addition, each policy parameter has one associ-
ated eigenvalue within the system. If an active policy is defined as
the policy for which the associated eigenvalue is unstable, then it is
obvious that only one of the three policies should be active in order
for the system to have a unique solution. The three policy regimes
that determine unique equilibria are as follows:

AMP regime: |αβ| > 1, |β−1 − γQ| < 1, |β−1 − γF | < 1,

ATR regime: |αβ| < 1, |β−1 − γQ| > 1, |β−1 − γF | < 1,

AFP regime: |αβ| < 1, |β−1 − γQ| < 1, |β−1 − γF | > 1.

12The detailed derivation of the solution is described in appendix 2.
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The active monetary policy (AMP) and active fiscal policy
(AFP) regimes are well-known policy regimes. In the AMP regime,
the monetary policy actively sets the policy interest rate in order to
stabilize inflation, while passive fiscal policy supports the real value
of the fiscal authority’s liability. In the AFP regime, the expected
path of the fiscal surplus determines inflation, while the monetary
policy passively accommodates the determined inflation path by
adjusting the nominal money balance. A novel finding of this paper
is the equilibrium in the active transfer rule (ATR) regime and the
requirements for the passive transfer rule when other policies are
active. In the ATR regime, the active transfer rule determines infla-
tion, and other policies are passive in the same way as in the other
regimes. When the transfer rule is passive, it tries to support the
real value of the public-sector liability.

A brief intuition of this policy interaction can be found in the
following equilibrium conditions:

Et[dπt+1] = αβdπt + βdθt, (32)

−(m − RbC)
π2 dπt =

∞∑

T=t

Et[βT−t(χy + dκT )], (33)

−(RbC − RbA)
π2 dπt =

∞∑

T=t

Et[βT−t(dsT − dκT )], (34)

where (32) is the linearized Fisher equation after substituting the
monetary policy rule and m, R, bC , bA, and π are the steady-state
values. Equations (33) and (34) are simplifications of the IECs (19)
and (20) using equations (29) and (30).13

First, if monetary policy is active (|αβ| > 1), the expectational
difference equation (32) can be utilized to determine πt. In this case,
for the existence and uniqueness of the solution, the transfer {κT }
should support the real value of the central bank’s liability (left side
of the IEC (33)) by being endogenously determined through the IEC
(33). Meanwhile, the fiscal surplus {sT } should be passively adjusted

13The IECs (33) and (34) are derived by linearizing the IECs (19) and (20)
around the steady state by assuming that the economy was in the steady state
at period t − 1.
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in order to support the real value of the fiscal authority’s liability in
the IEC (34).

Second, active transfer rule (|β−1 − γQ| > 1) implies that the
transfer {κT } is not responsive to the state of the central bank’s cap-
ital. Then, {κT } can be regarded as an exogenous process in the IEC
(33). Therefore, the IEC (33) imposes a restriction on inflation since
all variables other than inflation are predetermined or exogenous.
The passive monetary policy in equation (32) (|αβ| < 1) means that
the expectational difference equation (32) does not restrict inflation
πt. Again, the passive fiscal policy supports the real value of the fiscal
authority’s liability so that the IEC (34) does not bind inflation.

Third, when the fiscal policy is active, the monetary policy and
transfer rule should be passive. Specifically, equation (32) should not
impose an additional restriction on inflation, and the transfer {κT }
should be passive in a way that it is endogenously determined by the
IECs (33) and (34), simultaneously. Since the endogenous process
{κT } appears in both the IECs, the two IECs jointly determine
inflation. In other words, the unified IEC (14) is the single equation
to be imposed on the inflation process. Note that this equilibrium is
the same as in the fiscal theory of the price level.

A notable feature of the policy interaction is that passive mon-
etary policy does not need to raise the seigniorage revenue in order
to cover the decreased transfer from the fiscal authority or the
decreased fiscal authority surplus. The real seigniorage revenue is
even a fixed number (χy) for all of the periods in this model. Even
if the seigniorage is a function of the nominal interest rate under
general circumstances, it is still the case that the nominal interest
rate is not responsive to inflation when monetary policy is passive.
Therefore, in this case, the present value of the seigniorage in the
IEC (33) can be treated as a fixed number. In sum, it is a mislead-
ing statement that passive monetary policy raises the seigniorage
in order to balance the intertemporal budgets. Instead, the passive
central bank adjusts the nominal money balance in order to accom-
modate the real money market clearing condition (9) in accordance
with the equilibrium price level, which is determined elsewhere.

3.2 Equilibrium in the Active Transfer Rule Regime

As discussed in proposition 2, if the transfer rule is active while the
monetary and fiscal policies are passive, then a unique stationary
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equilibrium inflation path exists. The nature of this equilibrium is
different from that of AMP and AFP regimes, as the transfer rule
shock affects surprise inflation and the direction of the effect depends
upon the steady-state value of the central bank’s capital.14 For a
simple illustration, the following special case is considered:

α, γQ, ρθ, ρξ, ρψ = 0, |β−1 − γF | < 1. (35)

The central bank pegs the policy interest rate (α = 0), the fiscal
authority’s transfer to the central bank is not responsive to the level
of the central bank’s capital (γQ = 0), the policy shocks are inde-
pendent and identically distributed (i.i.d.), and the fiscal authority
sufficiently adjusts the lump-sum tax in response to the level of
its own debt held by the agent. In this case, surprise inflation is a
function of the shock in the transfer, εξt.

ηt =
π2

RbC − m
εξt, (36)

where R is the steady-state value of the gross interest rate, bC is
the steady-state real value of the central bank’s holding of the fiscal
authority bonds, m is the steady-state value of the real money bal-
ance, and RbC − m is the steady-state value of the central bank’s
real capital. If the benchmark model is extended to include risky
assets of the central bank, then the random return shocks from the
asset will also affect surprise inflation as shown in section 4.

Inflation is the sum of the expected inflation and surprise infla-
tion. Since the surprise inflation was solved in equation (36), inflation
is determined as follows in the ATR regime:

dπt = βεθt−1 +
π2

RbC − m
εξt. (37)

Note that βεθt−1 is the expected inflation Et−1[dπt] in this case.15

The solution in equation (37) implies that the tightening monetary

14Equilibria in AMP and AFP regimes are fundamentally the same as in
conventional models, such as in Leeper (1991). Thus, those equilibria are not
discussed in this paper.

15This point can be shown by setting α = 0 in equation (32).
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Figure 1. Analogy Diagram of Two Different
Policy Regimes

A. AFP regime B. ATR regime

policy shock (positive εθt−1) increases inflation in the next period
via the expected inflation. The result is consistent with the simple
fiscal theory of the price level (Leeper 1991) and the “unpleasant
monetarist arithmetic” (Sargent and Wallace 1981).

The equilibrium inflation in the ATR regime is similar to that
of the AFP regime, in the sense that the monetary policy shock
(εθt) does not affect current inflation. Instead of the monetary pol-
icy shock, the other policy shocks that alter the value of public sec-
tor’s liability affect inflation in these cases. The difference between
the equilibria in those two policy regimes is the coverage of the
public-sector liability value which binds equilibria. That is, while
the valuation equation for the consolidated government’s liability
binds equilibrium inflation in the AFP regime, the central bank’s
net liability valuation equation determines equilibrium inflation in
the ATR regime.

The analogy between the two regimes is helpful for understand-
ing the economic intuition underlying the equilibrium inflation in
both regimes. Figure 1 compares the two cases by illustrating finan-
cial portfolios of the three players of the economy (private agent,
central bank, and fiscal authority) and flow of resources between the
players in return for the assets. For example, the value of the pri-
vate agent’s government bonds holdings (BA

t ) is supported by the
fiscal surplus flows (st). The seigniorage (χy) and transfer (−κt)
support values of the nominal money balance (Mt) and the central
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bank’s government bonds holdings (BC
t ), respectively. Note that the

seigniorage is a fixed number in this model for simplicity, as shown
in equation (29).

Woodford (2001) and Cochrane (2005) utilized an “asset pricing
analogy” in order to explain economic intuition of the fiscal theory
of the price level. That is, the private agent’s holdings on the consoli-
dated government’s liability can be regarded as holdings on shares of
the consolidated government. In Cochrane’s (2005) term, the con-
solidated government’s liability (M and BA) is a “residual claim
to government primary surplus” and seigniorage, “just as Microsoft
stock is a residual claim to Microsoft’s earnings.” As a stock price is
determined by the expected present value of its earnings, the price
level16 is determined by the expected present value of seigniorage
and the primary surplus in the AFP regime. For example, the unex-
pected tax cut that is not compensated by future tax hikes makes the
agent feel wealthier, as “the stock” price is higher than the equilib-
rium level. Therefore, the private agent tries to adjust his portfolio
between consumption and the government’s nominal liability, and
inflation follows.

Figure 1’s panel A shows that, technically, the private agent holds
two different stocks (money and government bonds) from two dis-
tinct firms (central bank and fiscal authority). However, because the
fiscal authority is committed to support the central bank’s liability
value with the transfer (passive transfer rule), the private agent is
indifferent to the distinction between the two firms’ stocks. More-
over, the price of the two stock prices are synchronized by a common
price 1/Pt. In the asset pricing analogy’s term, the two firms are in
effect merged. Therefore, the central bank and the fiscal authority
are treated as a unified entity in the conventional fiscal theory of
price level.

Panel B shows that such unification between the two entities is
no longer valid in an ATR regime. As one firm (fiscal authority) does
not support the value of the other firm’s (central bank’s) stock and
the cash flow between the two firms (transfer) is exogenously given,
the stock prices of two firms should be independently determined.
However, in an ATR regime, the private agent understands that the
earnings of a firm (the fiscal authority) are endogenously adjusted in

16The common price of Mt, B
A
t , and BC

t in units of consumption goods is 1/Pt.
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response to the stock price (the price level) which is determined else-
where.17 Therefore, the valuation equation for the other firm (the
central bank’s net liability valuation formula) uniquely determines
the common stock price.

Suppose that a negative transfer shock (ξt < 0) decreases the
transfer from the fiscal authority to the central bank (κt) unexpect-
edly. Then, a portfolio adjustment will occur on the part of the
private agent. However, the direction of the portfolio adjustment
depends on the central bank’s capital (RbC − m) at steady state. In
the case of negative capital (positive net liability of central bank),
the positive net liability value should be supported by the present
value of seigniorage and the transfer from the fiscal authority. Owing
to the shock, the real value of the net liability (left side of equation
(19)) becomes greater than the equilibrium level (right side of equa-
tion (19)) if the price level remains the same as the level before the
shock. The situation is similar to the tax cut example in an AFP
regime, and the private agent feels wealthier. Therefore, as the pri-
vate agent tries to consume more and hold less money, the negative
transfer shock induces inflation in this case. At the equilibrium, the
fiscal authority’s real debt burden is alleviated and the implicit tax
burden on the agent decreases.

Conversely, the negative transfer rule shock induces deflation
when the steady-state capital of the central bank is positive. In
order to intuitively describe this case, suppose that the private agent
lends to the fiscal authority (BA < 0) in a greater amount than the
nominal money holdings (−BA − M > 0) in an AFP case (panel
A). Then, the private agent is not the (consolidated government’s)
liability holder but is the liability issuer. The value of liability to
the fiscal authority should be supported by the lump-sum subsidy
(from the fiscal authority to the private agent), not the lump-sum
tax. A slight modification of the consolidated government’s liability
valuation formula (14) shows this situation as follows:

−Rt−1B
A
t−1 − Mt−1

Pt
=

∞∑

T=t

Et

[
Xt,T

(
s′

T − iT
1 + iT

f(yT , iT )
)]

,

(38)

17This situation refers to passive fiscal policy behavior.
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where s′ refers to lump-sum subsidy to the private agent. That is, the
consolidated government’s capital is positive and the capital value is
supported by the lump-sum subsidy less seigniorage. If the lump-sum
subsidy unexpectedly increases and the general price level remains
the same, the private agent finds that the liability value ((−BA))
falls below the equilibrium level (right side of (38)). Since the prices
of BA and M are synchronized, the private agent tries to consume
less and hold more money, and deflation follows.

The argument for the positive central bank capital case is sim-
ilar. The modification of the central bank’s net liability valuation
formula (19) shows that the central bank’s positive capital value is
equivalent to the transfer to the fiscal authority less seigniorage as
in the following equation:

Rt−1B
C
t−1 − Mt−1

Pt
=

∞∑

T=t

Et

[
Xt,T

(
κ′

T − iT
1 + iT

f(yT , iT )
)]

, (39)

where κ′ refers to transfer from the central bank to the fiscal author-
ity. The negative transfer shock increases κ′ and the private agent
finds that the liability value (BC) falls below the equilibrium level.
The portfolio adjustment between the nominal money balance and
consumption induces deflation in the end.

Two important features of the equilibrium should be noted. First,
the model’s economic mechanism for inflation does not rely on the
central bank’s money creation in response to the transfer to the gov-
ernment. In the first step of the adjustment procedure, the central
bank fixed the nominal money balance, but inflation (deflation) is
still induced by the transfer rule shock. A similar statement can be
made for the fiscal theory of the price level. In the active fiscal pol-
icy regime, the tax shock does not require the creation of money
in order to have an impact on the price level. Otherwise, the tax
shock induces the agent’s portfolio adjustment, and, thus, the price
changes. Therefore, this model’s application is never restricted to
extreme situations, such as a large-scale transfer between two public
institutions.

Second, the equilibrium in the ATR regime is observationally
equivalent to the equilibria in the AMP and AFP regimes. Suppose
that a transfer shock causes inflation in the ATR regime. Then,
the nominal money balance must be increased passively in order to
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clear the money-market equilibrium condition (27) and the future
fiscal surplus must be passively decreased in accordance with the
price change by the fiscal policy rule (25). The required tax change
in the present value can be shown by adding (19) to (20). This
observational relationship between inflation, the nominal money bal-
ance, and the fiscal surplus is the same as in the other regimes,
although the causal relationships are opposite. For instance, in the
AMP regime, an expansion of the nominal money balance (a neg-
ative monetary policy shock) causes inflation and the fiscal surplus
is passively decreased. In the AFP regime, the decrease in the fiscal
surplus causes inflation and the nominal money balance is passively
increased.

4. Application to Exit Strategy

In order to link the equilibria in the ATR regime to actual quasi-
fiscal policies, this section extends the benchmark model to include
longer-term government bonds and an exit strategy example. Exit
strategy refers to plans to reverse unconventional quasi-fiscal oper-
ations, such as credit-easing operations, as economic recovery and
inflation become imminent. Specifically, the Federal Reserve System
will be required to “reduce excess reserve balances” of depository
institutions or “neutralize their potential effects on broader measures
of money and credit and thus, on aggregate demand and inflation”
(Bernanke 2009). Roughly explained, the exit strategy is the plan to
decrease the size of the central bank’s balance sheet by selling the
assets that have been acquired via unconventional operations.

This section analyzes the exit strategy’s potential effects on infla-
tion by extending the benchmark model to include the long-term
bonds. Although the primary policy intent of the exit strategy is to
avoid high inflation due to large-scale excess liquidity in the econ-
omy, this paper explores a different aspect of the strategy. Suppose
that the central bank increases the short-term policy interest rate
during the implementation of the exit strategy. Since the central
bank holds the long-term nominal bonds, an increase in the short-
term rate may devaluate the central bank’s long-term bond holdings.
Then, through a portfolio adjustment of the private agent as seen in
section 3, the valuation loss of the central bank may affect inflation
in the ATR regime. The interesting feature of this mechanism is that
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an increase in the short-term rate (deflationary policy) may lead to
inflation when the central bank’s capital is negative. In this case, if
the real balance demand is stable, then the central bank is driven to
a paradoxical situation where it has to increase the nominal money
balance to satisfy the money market.

In this extension, the long-term government nominal bonds are
introduced. Specifically, B1,t is the face value of one-period nominal
bonds issued at period t and B2,t refers to the face value of two-
period nominal bonds issued at period t. The short-term bonds B1,t

mature at period t + 1 and are redeemed for the nominal money
value R1,t, B1,t at period t + 1. The long-term bonds B2,t mature at
period t+2 and are redeemed for the nominal money value R1,tB1,t

at maturity. R1,t and R2,t are the gross nominal interest rates for
the short- and long-term bonds, respectively.

At period t, let’s suppose that the representative agent sells
the premature long-term bonds (B2,t−1) and purchases the new
long-term bonds (B2,t). The premature long-term bonds at period
t(B2,t−1) are claims for the nominal money value R2,t−1B2,t−1 at
period t + 1. Instead of trading the premature long-term bonds, the
private agent has the option to invest in the short-term bonds at
period t. Since there should be no arbitrage opportunities, then the
two risk-free investment choices (premature long-term bonds and
short-term bonds) should have the same return. Therefore, the mar-
ket price of the premature long-term bonds at period t is R2,t−1R

−1
1,t .

By including the long-term bonds, the agent’s optimization prob-
lem is revised as follows:

max
{ct,Mt,BA

1,t,B
A
2,t}∞

t=0

E0

[ ∞∑

t=0

βt log ct + χ log
Mt

Pt

]
, 0 < β < 1 (40)

such that

ct +
Mt

Pt
+

BA
1,t

Pt
+

BA
2,t

Pt
≤ yt − τt +

Mt−1

Pt
+

R1,t−1B
A
1,t−1

Pt

+
R2,t−1R

−1
1,tB

A
2,t−1

Pt
,

ct, Mt ≥ 0,∀t ≥, M−1 + R1,−1B
A
1,−1 + R2,−1R

−1
1,0B

A
2,−1 > 0,
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where BA
1,t refers to the agent’s holdings of the short- and long-term

bonds. If the constant output assumption is maintained as seen in
section 3, then the Euler equations are equations (27), (28),18 and
the following additional equation:

1
R2,t

= Et

[
β2 Pt

Pt+2

]
=

1
R1,t

Et

[
1

R1,t+1

]
+ COV

[
β

πt+1
,

β

πt+2
,

]
.

(41)

The additional Euler equation (41) implies the expectations the-
ory of the term structure of interest rates. In regard to the market
clearing condition, the bonds market clearing condition is revised
as follows, while the money and goods market clearing conditions
remain the same as in the previous sections.

Bs
1,t = BA

1,t + BC
1,t, (42)

Bs
2,t = BA

2,t + BC
2,t, (43)

where Bs
1,t refers to the short- and long-term bond supplies and BC

1,t

is the central bank’s demand for the bonds.19

The public-sector model should also be extended. First, the cen-
tral bank holds the long-term government bonds, while the fiscal
authority issues the long-term bonds. Parallel to the agent’s case,
the central bank sells the premature long-term bonds in the mar-
ket and purchases the newly issued long-term bonds. Then, the flow
budget constraints of the central bank and the fiscal authority are
as follows:

BC
1,t − R1,t−1B

C
1,t−1

Pt
+

BC
2,t − R2,t−1R

−1
1,tB

C
2,t−1

Pt
=

Mt − Mt−1

Pt
+ κt,

(44)

0 =
B1,t − R1,t−1B1,t−1

Pt
+

B2,t − R2,t−1R
−1
1,tB2,t−1

Pt
+ st − κt.

(45)

18Since the short-term gross interest rate was denoted by Rt in the previous
sections, Rt is equivalent to R1,t in this section.

19In addition, the definition of the agent’s real financial wealth should be
revised to include the long-term bonds.
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The transfer rule (24) and the fiscal policy rule (25) should be revised
with long-term bonds. The revised rules are

κt = κ0 + γQ(cap − bC
1,t−1 − bC

2,t−1 + mt−1) + ξt, (46)

st = γ0 + γF (bA
1,t−1 − bA

2,t−1) + ψt. (47)

Second, the fiscal authority and central bank decide the matu-
rity structure of their liabilities and assets. Cochrane (2001) showed
that the maturity structure of the government nominal debt affects
the equilibrium price level sequence. In this model extension, the
following maturity structure is suggested:

B2,t = δB1,t, (δ ≥ 0), (48)

BC
2,t = (δ + μt)BC

1,t, (49)

μt = ρμμt−1 + εμt, (0 ≤ ρμ < 1),

where δ is a policy parameter, εμt is white noise, and μt stands for
the AR(1) exogenous policy shock that affects the central bank’s
asset maturity structure. In this specification of the maturity struc-
ture, the fiscal authority maintains a fixed ratio (δ) between the face
values of the short- and long-term bonds. The central bank main-
tains the same ratio (δ)20 for its assets in the steady state, while
the bank’s asset maturity structure deviates from the fixed ratio (δ)
when the policy shock μt exists.

The aforementioned maturity policy is such that the central bank
(the fiscal authority) adjusts the short- and long-term assets (debts)
that are outstanding at each time period. Conversely, in Cochrane’s
(2001) cases with the outstanding long-term bonds, it was assumed
that trade and redemption of premature long-term bonds were not
allowed. Since this model allows such transactions, the total face
value of the outstanding assets is exposed to the valuation risk when
the central bank adjusts its asset balances. That is, if the current
short-term interest rate (R1,t) increases, then the value of the prema-
ture long-term bonds decreases through the decreased market price
(R2,t−1R

−1
1,t ).

20The basic results of the model remain the same when the fiscal authority’s
debt maturity ratio is different from the asset maturity ratio of the central bank.
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This setup is appropriate for analyzing issues of the exit strat-
egy. When economic recovery and inflation are imminent, the Federal
Reserve System may try to withdraw liquidity from the economy by
selling its assets. During that process, it is plausible that the Federal
Reserve System will be required to sell premature long-term bonds
because a significant portion of the system’s assets is contained
within long-term bonds. Since the exit strategy increases the short-
term interest rate, the valuation loss from trading the premature
long-term bonds is relevant in the exit strategy.

By following the same steps as seen in section 3, a linearized
dynamic system is constructed for the vector of the endogenous vari-
ables (dπt, dbC

1,t, dbA
1,t)

′. If the policy parameter is a special case of
the ATR regime as seen in condition (35), then the surprise inflation
is

ηt =
π2

(1 + δ)R1bC
1 − m

(
εξt − δbC

1

π
εθt

)
, (50)

where bC
1 is the steady-state value (real) of the central bank’s hold-

ings for the short-term bonds. Note that the solution (50) is equiv-
alent to the solution in section 3 (36) when no long-term bonds are
outstanding (δ = 0).

The results show that when the central bank’s steady-state cap-
ital level is negative ((1 + δ)R1b

C
1 − m < 0), then the positive mon-

etary policy shock (εθt > 0) induces inflation (ηt > 0) in the ATR
regime. This case is a situation where the central bank already lost
significantly from risky assets and the fiscal authority has not been
compensating the losses. Since the central bank’s asset return is neg-
atively related with the short-term policy interest rate, the positive
monetary policy shock has a negative effect on the value of the cen-
tral bank’s net liability. Then, the private agent tries to consume
more and hold less nominal money, as is shown in section 3, and
surprise inflation follows.

The crucial feature of this scenario is that the central bank with-
out fiscal supports cannot play an active role in stabilizing inflation.
As the negative return shock of the central bank induces inflation in
this case, the central bank is forced to passively increase the nom-
inal money balance in order to satisfy the money-market clearing
condition. The initial policy intention of increasing the short-term
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interest rate is to shrink the central bank’s balance sheet and to
mitigate inflation, but the central bank’s balance sheet inflates even
greater in the end. The obvious solution to avoid such a paradox-
ical result is to systematically recapitalize the central bank by the
fiscal authority. In practice, the central bank may avoid the recapi-
talization with various measures such as selling off long-term bonds
before raising the short-term interest rate, or delaying policy tight-
ening to accumulate seigniorage revenue. But changing the central
bank’s actions due to the balance sheet concern may undermine its
ability to stabilize inflation.

It is also true that the central bank can still operate with nega-
tive capital. While Jeanne and Svensson (2007) pointed out that the
negative capital of the central bank may undermine the bank’s inde-
pendence from the fiscal authority, the results of this section show
that negative capital may not be desirable to the central banks, but
for a different reason. That is, a tightening monetary policy shock
may ignite further inflation when the capital is negative in a cer-
tain policy regime. Although our reasoning is different, our analytic
results support Goodfriend’s (2011) suggestion. That is, this paper
shows that the central bank’s balance sheet shocks affect inflation
when the fiscal authority does not offset the shocks by targeting the
central bank’s capital. Therefore, policy coordination between the
two institutions is indispensable for price stability.

5. Conclusion

Conventional macroeconomic models treat the central bank’s bal-
ance sheet as superficial information that does not affect the equi-
librium. However, this paper shows that quasi-fiscal policies, which
alter the central bank’s balance sheet, affect the equilibrium infla-
tion in a certain policy regime. In the active transfer rule regime, the
transfer rule between the fiscal authority and central bank does not
automatically stabilize the central bank’s real capital while mone-
tary and fiscal policies are passive. In this policy regime, the cen-
tral bank’s balance sheet shocks, including the losses incurred from
the asset holdings, affect inflation via the private agent’s portfo-
lio adjustment. Previous studies, which have not considered this
possibility, implicitly assume that the transfer rule is always pas-
sive. However, in general circumstances, the policy’s passivity is not
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guaranteed. In other words, it can be an illusionary belief that the
fiscal authority will always automatically support the central bank’s
losses considering the actual laws on the central banks.

The crucial assumption needed for these results is that the real
value of central banks’ net liability has a finite upper bound, which
is the present value of seigniorage and transfer earnings. This paper
also shows that the condition is satisfied under general circum-
stances. When the condition is satisfied, an additional equilibrium
condition exists, which is referred to as the central bank’s net lia-
bility valuation formula, and the formula may or may not restrict
inflation process, depending on the activeness of the transfer rule.

The economic mechanism underlying the equilibrium in the
active transfer rule regime is the private agent’s response to the
central bank’s balance sheet shocks. When a shock occurs to
the central bank’s returns in this policy regime, the agent tries to
adjust her portfolio between the central bank’s liability and con-
sumption, thus the shock affects inflation. This mechanism is com-
parable to the asset pricing relationships, which equate the value
of an asset with the present value of the asset’s current and future
earnings. That is, the central bank’s net liability valuation formula
is an asset pricing equation where the general price level is the price
of the bank’s liability with respect to consumption.

By extending the benchmark model, this paper shows that the
issues of an exit strategy may affect inflation in undesirable ways.
In an active transfer rule regime, the contractionary monetary pol-
icy shock induces inflation when the central bank’s capital is nega-
tive and the central bank cannot successfully unwind an unconven-
tional balance sheet. Therefore, the fiscal authority and central bank
should coordinate, by stabilizing the central bank’s capital, in order
to isolate the perverse effects of balance sheet shocks on inflation.

Appendix 1. Part of the Proof for Proposition 1

Conditions (15) and (16) imply that conditions (17) and (18) hold.
By summing the flow budget constraints (12) and (13) over the
period from t to T − 1 after taking the discounted expected value
(at period t) of the constraints, the following equations are true for
all T ≥ t + 1:
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Et[Xt,T dC
T ] = dC

t −
T−1∑

s=t

Et

[
Xt,s

(
is

1 + is
f(ys, is) + κs

)]
, (51)

Et[Xt,T dF
T ] = dF

t −
T−1∑

s=t

Et [Xt,s(ss − κs)] . (52)

From conditions (15) and (16),

dC
t −

∞∑

s=t

Et

[
Xt,s

(
is

1 + is
f(ys, is) + κs

)]
≤ 0, (53)

dF
t −

∞∑

s=t

Et [Xt,s(ss − κs)] ≤ 0. (54)

As T → ∞ in (51) and (52),

lim
T→∞

Et[Xt,T dC
T ] = dC

t −
∞∑

s=t

Et

[
Xt,s

(
is

1 + is
f(ys, is) + κs

)]
,

(55)

lim
T→∞

Et[Xt,T dF
T ] = dF

t −
∞∑

s=t

Et [Xt,s(ss − κs)] . (56)

Equations (53)–(56) imply

−∞ < lim
T→∞

Et[Xt,T dC
T ] ≤ 0, (57)

−∞ < lim
T→∞

Et[Xt,T dF
T ] ≤ 0. (58)

since |wA
t | < ∞ and conditions (15) and (16) imply dC

t , dF
t > −∞.

Owing to the transversality condition (5),

lim
T→∞

Et[Xt,T dC
T ] + lim

T→∞
Et[Xt,T dF

T ] � 0, (59)

since wA
T = dC

T + dF
T . Therefore,

lim
T→∞

Et[Xt,T dC
T ] = 0, (60)

lim
T→∞

Et[Xt,T dF
T ] = 0. (61)
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Conversely, conditions (60) and (61) imply that assumptions (15)
and (16) hold. Suppose that conditions (60) and (61) are true. From
the budget constraints, equations (51) and (52) are true. As T → ∞
in equations (51) and (52), conditions (53) and (54) hold by equal-
ity. Then, since dC

t and dF
t are finite, conditions (15) and (16) are

necessarily true. Therefore, conditions (15) and (16) are equivalent
to conditions (60) and (61).

Appendix 2. Solution of the Dynamic System in Section 3

In order to arrange the model with a linear dynamic system, this
paper linearizes the Fisher equation (28) and the budget constraints
(12) and (13). These three equations form a dynamic system in
matrix equation (62). The first row of (62) is from the Fisher equa-
tion, the second row is from the central bank budget constraint, and
the third row is from the fiscal authority budget constraint. The
money-market equilibrium condition (27) and the policy rules (23),
(24), and (25) are substituted into the three equations. In the coeffi-
cient matrices (Γ0,Γ1,Φ0, and Φ1), the variables without time index
refer to the steady-state values.
⎡

⎣
1 0 0
ϕ1 1 0
ϕ4 1 1

⎤

⎦

︸ ︷︷ ︸
Γ0

⎡

⎣
dπt+1
dbC

t+1
dbA

t+1

⎤

⎦

︸ ︷︷ ︸
xt+1

=

⎡

⎣
αβ 0 0
ϕ2 β−1 − γQ 0
ϕ5 β−1 − γQ β−1 − γF

⎤

⎦

︸ ︷︷ ︸
Γ1

⎡

⎣
dπt

dbC
t

dbA
t

⎤

⎦

︸ ︷︷ ︸
xt

+

⎡

⎣
0 0 0
ϕ3 1 0
0 1 −1

⎤

⎦

︸ ︷︷ ︸
Φ0

⎡

⎣
dθt+1
dξt+1
dψt+1

⎤

⎦

︸ ︷︷ ︸
zt+1

+

⎡

⎣
β 0 0

α−1ϕ2 0 0
α−1ϕ5 0 0

⎤

⎦

︸ ︷︷ ︸
Φ1

⎡

⎣
dθt

dξt

dψt

⎤

⎦

︸ ︷︷ ︸
zt

+

⎡

⎣
1
0
0

⎤

⎦ dηt+1

︸ ︷︷ ︸
Πt+1

,

(62)

where

ϕ1 ≡ RbC − m

π2 +
αχy

(R − 1)2
, ϕ2 ≡ α

π

[
χy

(R − 1)2
+ bC

]
− αγQχy

(R − 1)2
,

ϕ3 ≡ −χy

(R − 1)2
, ϕ4 ≡ RbA + RbC

π2 , ϕ5 ≡ α

π
(bA + bC) − αγQχy

(R − 1)2
.
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If the vectors xt and zt are stacked, then the system (62) becomes
equation (63).

⎡

⎢⎢⎢⎢⎢⎢⎣

dπt+1
dbC

t+1
dbA

t+1
dθt+1
dξt+1
dψt+1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
Yt+1

=

⎡

⎢⎢⎢⎢⎢⎢⎣

αβ 0 0 β 0 0
ϕ6 β−1 − γQ 0 ϕ7 ρξ 0
ϕ8 0 β−1 − γF ϕ9 0 −ρψ

0 0 0 ρθ 0 0
0 0 0 0 ρξ 0
0 0 0 0 0 ρψ

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
A

⎡

⎢⎢⎢⎢⎢⎢⎣

dπt

dbC
t

dbA
t

dθt

dξt

dψt

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
Yt

+

⎡

⎢⎢⎢⎢⎢⎢⎣

1 0 0 0 0 0
−ϕ1 0 0 ϕ3 1 0

ϕ1 − ϕ4 0 0 ϕ3 0 −1
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
C

⎡

⎢⎢⎢⎢⎢⎢⎣

ηt+1
0
0

εθt+1
εξt+1
εψt+1

⎤

⎥⎥⎥⎥⎥⎥⎦

︸ ︷︷ ︸
ζt

, (63)

where

ϕ6 ≡ ϕ2 − αβϕ1, ϕ7 ≡ ρθϕ3 − βϕ1 + α−1ϕ2,

ϕ8 ≡ αβ(ϕ1 − ϕ4) − ϕ2 + ϕ5, ϕ9 ≡ −ρθϕ3 + α−1ϕ8.

The eigenvalues of transition matrix A can be read off from the
diagonal elements. By the eigenvector decomposition, matrix A can
be decomposed into P ∧ P−1 where ∧ is a diagonal matrix with
eigenvalues, and P−1 can be expressed as matrix (64).

P−1 =

⎡

⎢⎢⎢⎢⎢⎢⎣

1 0 0 β
αβ−ρθ

0 0
p1 1 0 p2 p3 0
p4 0 1 p5 0 p6
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

⎤

⎥⎥⎥⎥⎥⎥⎦
, (64)

where

p1 ≡ −ϕ6

αβ − β−1 + γQ
, p2 ≡ 1

β−1 − γQ − ρθ

(
ϕ7 − βϕ6

αβ − β−1 + γQ

)
,
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p3 ≡ ρξ

β−1 − γQ − ρξ
, p4 ≡ −ϕ8

αβ − β−1 + γF
,

p5 ≡ 1
β−1 − γF − ρθ

(
ϕ9 − βϕ8

αβ − β−1 + γF

)
, p6 ≡ −ρψ

β−1 − γF − ρψ
.

The solution of the system is derived by eliminating the explosive
eigenvalues. If the jth eigenvalue is explosive, then the solution is
such that P j·Yt = 0, where P j· refers to the jth row of P−1. The lin-
ear mappings from the exogenous shock to the endogenous forecast
error are given by P j·Cζt = 0.
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Over the past few years, the Federal Reserve’s use of uncon-
ventional monetary policy tools has received a vast amount of
public attention, from discussing how these asset purchases
have put downward pressure on longer-term interest rates and
thus supported economic activity to evaluating the implica-
tions for Federal Reserve remittances to the Treasury and the
effect on monetary and fiscal policy. As the economic recovery
has gained some momentum of late, the focus has turned to
issues associated with the normalization of monetary policy.
In this paper, we begin by providing a primer for the Fed-
eral Reserve’s balance sheet and income statement. With that
foundation in place, we then consider a variety of scenarios
consistent with statements by Federal Reserve officials about
how the FOMC will normalize policy, including whether to
sell mortgage-backed securities, whether to change the com-
position of Federal Reserve liabilities, and the timing of lift-
ing the federal funds rate off from the zero lower bound. In
each of these scenarios, we discuss the implications of these
normalization policies on the size and composition of Federal
Reserve asset and liability holdings and on remittances of earn-
ings to the Treasury, which capture the interest rate risk of
these normalization policies. We show that under a baseline
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normalization strategy described by policymakers, the balance
sheet should slowly return to a more normal composition and
size, while remittances should remain sizable. With some alter-
native normalization plans, especially if faced with high inter-
est costs, remittances could drop to zero for some time.

JEL codes: E52, E58, E47.

1. Introduction

In response to the financial crisis that began in 2007 and the sub-
sequent recession, the Federal Reserve employed a variety of non-
traditional monetary policy tools that garnered a vast amount of
public discussion. Some discussion focused on the expanding size
and changing composition of the Federal Reserve’s balance sheet
and, specifically, the Federal Reserve’s holdings of securities in the
System Open Market Account (SOMA) (Federal Reserve Bank of
New York 2013). This expansion led to discussions about the effects
of unconventional monetary policy on interest rates (Krishnamurthy
and Vissing-Jorgensen 2011, Li and Wei 2013). In addition, other
authors highlighted implications for Federal Reserve transfers to the
Treasury (“remittances”), the effect on monetary and fiscal policy
(Rudebusch 2011, Greenlaw et al. 2013), and the independence of
the Federal Reserve from political pressure (Christensen, Lopez, and
Rudebusch 2013).

More recently, as the economic recovery has gained some momen-
tum, the discussion has turned to questions about the normalization
of monetary policy. In various venues, Federal Open Market Com-
mittee (FOMC) participants have expressed their views about nor-
malizing the stance of monetary policy. In particular, the June 2013
FOMC minutes provided some discussion on policy normalization
and the long-run composition of the balance sheet, while FOMC
statements clearly tie the rise in the federal funds rate to the outlook
for unemployment and inflation. In this paper, we consider how the
Federal Reserve’s balance sheet, and the income that derives from
the balance sheet, might evolve under a variety of assumptions about
the path of monetary policy and approaches to the normalization of
policy. For example, we consider the June 2011 exit principles that
included sales of mortgage-backed securities (MBS) as part of the
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normalization process, as well as the more recent information laid
out in the June 2013 minutes that suggests that such sales would not
be a prominent part of the early stages of policy normalization. In
addition, given the evolving views in markets about the likely timing
of the first increase in the federal funds rate, we consider a scenario
where the date of liftoff is pushed out, consistent with some variant
of quantitative forward guidance related to an unemployment rate or
inflation threshold, and analyze the effect of that timing for the path
of the balance sheet. Finally, we discuss some of the possible implica-
tions for Federal Reserve expenses from choosing different mixes of
Federal Reserve liabilities (known as “reserve-draining tools”) during
the normalization process.

The scenarios presented here do not provide an exhaustive range
of options that the FOMC could use to remove monetary policy
accommodation. They do, however, show how many tools, in isola-
tion, can aid the Committee in reducing the size of the balance sheet
and boost short-term interest rates.1 With these scenarios in mind,
one can then see the impact of any convex combination of tools that
the Committee may choose during the normalization process.

In analyzing each normalization scenario, we report the length
of time until the Federal Reserve’s balance sheet returns to a nor-
mal size. We also project how MBS holdings will evolve, given that
holdings of MBS are a particularly novel development for the Fed-
eral Reserve and minutes from FOMC meetings suggest that their
acquisition has been a source of some debate. In addition, we look
at the interest rate risk of different exit strategies that appear to
be under consideration. Such considerations may be important if, as
Greenlaw et al. (2013) suggest, a period of zero remittances results
in negative political pressures.

The remainder of the paper is organized as follows. Section 2 pro-
vides a primer on the Federal Reserve’s balance sheet and income
statement. Section 3 outlines the scenario assumptions used as
inputs to the projections of the balance sheet. The baseline balance
sheet and income projections are discussed in section 4. Section 5
considers the alternative normalization policies. Section 6 provides
the sensitivity analysis. Section 7 concludes.

1See Ihrig et al. (2012) for how to link the size of the balance sheet to monetary
policy accommodation.
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2. The Federal Reserve’s Balance Sheet, Income
Statement, and Valuation of the SOMA Portfolio

In this section, we review key balance sheet components in our pro-
jections, as well as the income generated from the balance sheet. We
also provide some historical context for the evolution of these items.

2.1 The Federal Reserve’s Balance Sheet

Our discussion of the Federal Reserve’s balance sheet will refer to the
consolidated balance sheets of the twelve individual Reserve Bank
balance sheets.2 In reality, the accounting that will be discussed
below is done at the Reserve Bank level; however, for simplicity, we
focus on the Federal Reserve System’s aggregate balance sheet.

Like any balance sheet, the Federal Reserve has assets on one
side of the balance sheet, which must equal liabilities plus capital on
the other side. As shown in table 1, at the end of 2006, total assets
of the Federal Reserve were $874 billion, with the single largest asset
item being the SOMA portfolio, at about $780 billion. Prior to the
financial crisis, the domestic SOMA portfolio comprised only Treas-
ury securities, of which roughly one-third were Treasury bills and
two-thirds were Treasury coupon securities. On the other side of
the balance sheet, the largest liability item was paper currency, or
Federal Reserve notes (FR notes), at about $785 billion.

With the lending that took place during the financial crisis, for
a time, the amount outstanding in the credit and liquidity facili-
ties surpassed the size of the SOMA portfolio. As of December 25,
2013, however, the SOMA portfolio was again the largest asset item,
and it had grown to $3.8 trillion because of the asset purchase pro-
grams. On the liability side of the balance sheet, FR notes, at about
$1.2 trillion, were no longer the largest liability item. Instead, as
the FOMC increased its asset purchases, reserve balances increased
correspondingly to a level of about $2.5 trillion.

2The Board of Governors does not hold assets and liabilities in the same way
that the Reserve Banks do. Section 10 of the Federal Reserve Act authorizes
the Board to levy semi-annually upon the Reserve Banks, in proportion to their
capital stock and surplus, an assessment sufficient to pay its estimated expenses
for the half of the year succeeding the levying of such assessment, together with
any deficit carried forward from the preceding half-year.
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Table 1. Federal Reserve’s Balance Sheet

Balance Sheet End-2006 Balance Sheet End-2013

$Billion $Billion

Assets Liabilities Assets Liabilities

SOMA 779 Deposits of
Dep. Inst.

13 SOMA 3,763 Deposits of
Dep. Inst.

2,451

Other
Assets

95 Federal
Reserve
Notes

783 Other
Assets

270 Federal
Reserve
Notes

1,195

Other
Liabilities

48 Other
Liabilities

332

Total
Capital

31 Total
Capital

55

Source: H.4.1. statistical release.

The next few sub-sections review the key components of the
Federal Reserve’s balance sheet and how they have changed.3

2.1.1 The SOMA Portfolio: Composition, Size, and Maturity
Structure

Over most of the post-war period, the SOMA portfolio was the
largest asset item on the Federal Reserve’s balance sheet.4 During
that time, the SOMA portfolio essentially held Treasury securities;
however, the portfolio has held other types of securities over the
course of its history.5 For example, from 1971 to 1981, the Federal
Reserve purchased limited quantities of agency securities; the last of
these securities matured in the early 2000s, and none was purchased
until 2008.6

3For a description of additional components of the bal-
ance sheet, see the interactive guides to the H.4.1 tables at
http://www.federalreserve.gov/monetarypolicy/bst fedsbalancesheet.htm
or the Financial Accounting Manual for Reserve Banks at
http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountingmanual.pdf.

4For a description of the Federal Reserve’s balance sheet prior to
World War II, see Banking and Monetary Statistics, 1914–1941, at
http://fraser.stlouisfed.org/title/?id=38.

5Refer to Edwards (1997).
6Refer to Meltzer (2010).

http://www.federalreserve.gov/monetarypolicy/bst_fedsbalancesheet.htm
http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountingmanual.pdf.
http://fraser.stlouisfed.org/title/?id=38.
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Figure 1. SOMA, Capital + FR Notes, and
Reserve Balances
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Historically, the size of the SOMA portfolio—and the balance
sheet, more generally—reflected growth in FR notes and Reserve
Bank capital. When currency is put into circulation, it is shipped to
a depository institution, and that institution’s account at the Fed-
eral Reserve is debited by an equivalent amount. Because currency
outstanding tends to trend upward, over time currency growth would
tend to reduce the amount of reserve balances in the banking sys-
tem. The Federal Reserve would purchase securities in open-market
operations to offset this drain of reserves. On net, therefore, the
growth rate of currency tended to drive the size of the balance sheet.
Similarly, when a depository institution is required to subscribe to
a larger amount of Federal Reserve capital or the Federal Reserve
adds to its surplus account, the result would be, all else equal, a
reduction in reserve balances.7 As a result, the SOMA portfolio must
increase to offset these increases as well, creating a larger balance
sheet overall.

This historical pattern is illustrated in figure 1. As can be seen,
through 2007, both the SOMA portfolio and currency and capital

7As will be more fully explained later in the paper, each member bank of a
Reserve Bank is required to subscribe to the capital of its district Reserve Bank
in an amount equal to 6 percent of its own capital stock.
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Figure 2. Weighted Average Maturity of SOMA
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trended upward together. When the asset programs began in late
2008 and early 2009, and continuing through the second round of
purchases in 2010 and 2011, the SOMA portfolio increased markedly
and at a rate that far outpaced the growth of currency and capital.
With the initiation of the maturity extension program in 2011, the
size of the portfolio remained roughly constant; however, as depicted
in figure 2, the weighted average maturity of Treasury securities
in the SOMA portfolio increased markedly. From a longer perspec-
tive, over time, the SOMA portfolio has had a range of maturities
of Treasury securities in its holdings.8 Prior to the financial cri-
sis, the Open Market Trading Desk (the Desk) tended to purchase
securities across the entire yield curve to avoid distorting the yield
curve. However, after the start of the financial crisis, the maturity of
Treasury coupon securities in the SOMA portfolio lengthened
notably, reflecting the runoff in bills to sterilize the credit and liquid-
ity programs in 2008, and the purchase of longer-dated securities
more recently.

8In the weekly H.4.1 statistical release, in addition to the Federal Reserve’s
balance sheet, the maturity distribution of asset holdings is also published.
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2.1.2 Deposits of Depository Institutions

Deposits of depository institutions include all depository institu-
tions’ balances at the Federal Reserve that are used to satisfy reserve
requirements and balances held in excess of balance requirements.
Deposits of depository institutions grew dramatically through the
crisis, and are currently quite elevated by historical standards. When
we refer to “reserve balances,” we are using the “deposits of depos-
itory institutions” concept. These deposits represent funds that
depository institutions own; they are a liability of the Reserve Bank,
but an asset of the depository institution. These funds are also used
for payment system settlement; for example, a payment from one
bank to another (or from one bank’s customer to the customer of
a different bank) typically results in a debit to the paying bank’s
account and a credit to the receiving bank’s account. Lending of
reserve balances and payment activity result only in a movement
of reserve balances from one depository institution’s account at
the Federal Reserve to another institution’s account; the aggregate
quantity is unchanged.

2.1.3 Federal Reserve Notes

Federal Reserve notes, or currency, are a liability of the Federal
Reserve. As a practical matter, the Federal Reserve does not deter-
mine the quantity of currency outstanding. Instead, when a depos-
itory institution wants to hold currency in its vault or automatic
teller machines in order to meet customer needs, it requests a ship-
ment from its Federal Reserve Bank. When that shipment is made,
the depository institution’s reserve account at the Reserve Bank
is debited by the amount of the currency shipment. One impor-
tant source of demand for U.S. currency is from overseas. Although
it is impossible to know with certainty what portion of currency
outstanding is outside of the United States, estimates suggest that
the fraction is one-half or more.9 Prior to the financial crisis, cur-
rency was the largest liability item on the Federal Reserve’s balance
sheet.

9Refer to Judson and Porter (1996).
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2.1.4 Capital Paid In, Surplus, and Interest on Federal
Reserve Notes Due to U.S. Treasury

The capital of the Reserve Banks is different from the capital of other
institutions.10 It does not represent controlling ownership as it would
for a private-sector firm. Ownership of the stock is required by law,
the Reserve Banks are not operated for profit, and the stock may not
be sold, traded, or pledged as security for a loan. As stipulated in
section 5 of the Federal Reserve Act, each member bank of a Reserve
Bank is required to subscribe to the capital of its district Reserve
Bank in an amount equal to 6 percent of its own capital stock.
Of this amount, half must be paid to the Federal Reserve Banks
(referred to as capital paid in) and half remains subject to call by
the Board of Governors. This capital paid in is a required assessment
on the member banks and its size changes directly with the capital
of the member banks. Also stipulated by law is that dividends are
paid at a rate of 6 percent per year. Over the past decade, reflect-
ing increases in capital at member banks, Reserve Bank capital has
grown at an average rate of almost 15 percent per year. In addition,
Reserve Banks have surplus capital, which reflects withheld earn-
ings, and Federal Reserve Bank accounting policies stipulate that
the Reserve Banks withhold earnings sufficient to equate surplus
capital to capital paid in. As a result, as capital of member banks
grows through time, capital paid in grows in proportion. Because
surplus is set equal to capital paid in, it likewise grows at the same
rate as member bank capital.

2.1.5 Deferred Asset

One liability item is distinct from the others. Under the Federal
Reserve’s remittance policy, the Federal Reserve remits all net
income to the U.S. Treasury, after expenses and dividends and allow-
ing for surplus to be equated to capital paid in. As those earnings
accrue, they are recorded on the Federal Reserve’s balance sheet as

10See the Financial Accounting Manual for Federal
Reserve Banks, which reports the accounting standards
that should be followed by the Federal Reserve Banks, at
http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountingmanual.pdf,
pages 1–68.

http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountingmanual.pdf
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“Interest on Federal Reserve notes due to U.S. Treasury.” In the
event that earnings only equal the amount necessary to cover oper-
ating costs, pay dividends, and equate surplus to capital paid in, this
liability item would fall to zero because there are no earnings to remit
and payments to the Treasury would be suspended. If earnings are
insufficient to cover these costs—that is, there is an operating loss
in some period—then no remittance is made until earnings, through
time, have been sufficient to cover that loss. The value of the earn-
ings that need to be retained to cover this loss is called a “deferred
asset” and is booked as a negative liability on the Federal Reserve’s
balance sheet under the line item “Interest on Federal Reserve notes
due to U.S. Treasury.” A deferred asset is an asset in the sense that
it reflects a reduction of future liabilities to the U.S. Treasury.

One consequence of the current implementation of Federal
Reserve Bank accounting policy is that the recording of a deferred
asset implies that Reserve Bank capital does not decline in the event
of an operating loss. From time to time, individual Reserve Banks
have reported a deferred asset; for example, as shown on the H.4.1
statistical release from November 3, 2011, the Federal Reserve Bank
of New York recorded a deferred asset that week and the subsequent
week.11 However, by the third week, remittances had cumulated to
a sufficient level to be able to pay off the deferred asset. More gener-
ally, it has never been the case that the Federal Reserve System as a
whole has suspended remittances to the Treasury for a meaningful
period of time because of operating losses.

Because there has never been a deferred asset of any signifi-
cant size, there is little guidance as to the whether or not there
is a limit to the potential size of the asset. It may be plausible
to assume that it would not be allowed to exceed the value of all
future earnings, possibly in present discounted terms, given the fact
that it is paid down through future earnings. As will be clear in
the following projections, a scenario that would result in a deferred

11In November 2011, the Maiden Lane accounts, which are marked to market
and consolidated onto the balance sheet of the Federal Reserve Bank of New
York (FRBNY), were revalued and resulted in an unrealized loss that required
the Federal Reserve Bank of New York to record a deferred asset. Over time, the
FRBNY’s loans to the Maiden Lane limited liability companies were repaid in
full, with interest.
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asset in excess of the present value of future earnings is difficult to
contemplate.

Some foreign central banks do not record deferred assets and
instead use different accounting policies. For example, many foreign
central banks smooth remittances each year, by transferring an aver-
age amount of net income back to the government and saving the
“excess” net income for times with negative shocks. Other foreign
central banks allow for negative remittances—that is, transfers from
rather than to the government—if the loss is too large. The infusion
of funds from their governments in cases of large negative shocks
avoids deferred assets for these institutions. One example of a cen-
tral bank with a form of a deferred asset is the Czech National Bank.
This institution has operated for a number of years with a negative
equity position and zero remittances. We will return to this balance
sheet line item in the projections, as we see what policy levers may
induce a deferred asset.

2.2 The Federal Reserve’s Income Statement

As the Federal Reserve’s balance sheet has expanded in recent years,
the income derived from the balance sheet has also grown, though
the key line items from the balance sheet that generated this income
are the same. As shown in table 2, net income in both 2006 and 2013
was driven by interest income from the SOMA portfolio. Despite
the difference in magnitude, in both years, SOMA interest income
was more than 95 percent of total income. That said, SOMA inter-
est income grew substantially over this period as the SOMA port-
folio expanded. Interest expense, on the other hand, was minimal
in both years. In particular, FR notes are a large liability without
an associated interest expense. And, although the Federal Reserve
has paid interest on reserve balances since October 2008, this lia-
bility item has incurred little interest expense because the IOER
(interest on excess reserves) rate has been at 25 basis points since
December 2008. In both years, other items in the income statement
were similar. In total, remittances to the Treasury were positive in
both years, but much larger in 2013 because of the expanded SOMA
portfolio.

The next few sub-sections review the key line items of the Federal
Reserve’s income statement in more detail.
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Table 2. Federal Reserve’s Income and Expense

Income and Expense, 2006 Income and Expense, 2013
$Billion $Billion

Income Expense Income Expense

Interest 37 Interest Expense 1 Interest 90 Interest Expense 5
Income Income

Other 2 Other Expense 4 Other 1 Other Expense 7
Income Income

Additions/ 4 Additions/ 2
Deductions, Deductions,
Dividends, and Dividends, and
Transfers Transfers

Source: Federal Reserve annual report and press release titled “Reserve Bank Income
and Expense Data and Transfers to the Treasury for 2013” (January 10, 2014).

2.2.1 SOMA Interest Income

As noted above, income on the securities held in the SOMA portfo-
lio constitutes the vast majority of interest income. SOMA interest
income primarily reflects the size of the portfolio and the weighted
average coupon (WAC) of the portfolio, less any amortized net pre-
miums paid on securities.12 Prior to the financial crisis, the size of
the portfolio increased steadily at a moderate rate. With the adop-
tion of the asset programs, the securities portfolio expanded rapidly
and now stands at a level noticeably above its longer-run trend.
The WAC, as shown in figure 3, fluctuated over time, rising and
falling with the market rates and the SOMA portfolio’s holdings.
This pattern primarily reflects the fact that the Federal Reserve
reinvests maturing Treasury securities at auction, and the coupon
at auction tends to be in line with market rates. Although the asset
purchase programs resulted in a significant accumulation of longer-
term debt in recent years, much of it was issued in a low interest

12SOMA interest income is defined as the rate of return on the portfolio (the
product of the size of the portfolio times the WAC) minus amortized net premi-
ums. Net premiums, though important in deriving the precise value of interest
income, will not be a primary driver of the contour of the projections of interest
income.
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Figure 3. Weighted Average Coupon of SOMA
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Notes: Includes only nominal Treasury securities.

rate environment and, therefore, the WAC of the portfolio decreased
somewhat.

Putting the size of the portfolio and the WAC of the portfo-
lio together, as shown in figure 4, interest income climbed at a
moderate pace in the years prior to the financial crisis, primarily
because of the steady increase in the size of SOMA, which rose in
line with the growth of FR notes and capital. Beginning in 2009,
interest income from the portfolio rose noticeably as large-scale asset
purchases increased the size of the portfolio.

2.2.2 Interest Expense

With the introduction of interest on reserves in the fall of 2008 and
the concurrent rise in the level of reserve balances, interest expense
rose. As mentioned above, the IOER rate has been 25 basis points
since December 2008, and as a result, even with a substantial vol-
ume of reserve balances, interest expense from reserve balances has
been low compared with interest income and was roughly $5 billion
in 2013.

In addition to interest expense from reserve balances, there is also
interest expense from reverse repurchase agreements (RRPs), mostly



250 International Journal of Central Banking March 2015

Figure 4. Interest Income
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generated by the foreign repurchase agreement (RP) pool.13,14 Inter-
est rates paid on the foreign RP pool are generally in line with
market rates, and when reserve balances are relatively low, interest
expense on the foreign RP pool can represent a large share of total
interest expense.

Reverse repurchase agreements with primary dealers and other
institutions and the Term Deposit Facility (TDF) also have associ-
ated interest expense. In addition to the primary dealers, the Federal
Reserve selected money-market mutual funds, the Federal Home
Loan Mortgage Corporation (Freddie Mac), the Federal National
Mortgage Association (Fannie Mae), and some banks as potential
counterparties for RRPs (both overnight and term). In contrast

13Before December 13, 2002, repo transactions were conducted as matched
sale-purchase transactions, where the Federal Reserve sold a security with an
agreement to purchase it again at a later date. However, because matched sale-
purchase transactions were accounted for as an outright sale rather than as a
financing transaction the way reverse repurchase agreements are, the transactions
did not result in interest expense.

14Every business day, the Federal Reserve conducts overnight reverse repos with
foreign central banks that hold dollars in their accounts at the Federal Reserve
Bank of New York. These transactions are one of the services that central banks
provide one another to facilitate their international operations.
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to the RRPs, only banks are counterparties in TDF transactions.
Although the Federal Reserve has developed the capability of con-
ducting large-scale operations in either RRPs or the TDF, these
operations have been only in the testing phase to date, and as a
result, interest expense associated with these operations has been
minimal.

2.2.3 Capital Gain (Loss)

Under Federal Reserve accounting rules, a Federal Reserve Bank
realizes gains or losses on a security only when the security is sold.
At sale, the Federal Reserve’s gain or loss is the market value minus
the par value and unamortized net premiums on the security. Histor-
ically, the Federal Reserve did not generally sell securities, because
the secular growth in currency resulted in a need for a long-term
increase in securities holdings. In 2008, however, the Desk did sell
some securities to offset the expansion of the balance sheet that
resulted from the introduction of the liquidity facilities at the early
stages of the financial crisis. In that year, the Federal Reserve real-
ized a capital gain of roughly $3 billion because market rates had
fallen, pushing up the market price of the securities sold. With the
maturity extension program, the Federal Reserve also sold securities;
in 2011, these sales realized a $2.3 billion capital gain.

2.2.4 Payment of Dividends, Transfers to Surplus, and
Interest on Federal Reserve Notes Due to U.S. Treasury

As noted above, member banks are required to subscribe to the
capital stock of the Reserve Banks, and the Federal Reserve Act
stipulates that the Federal Reserve pay a 6 percent dividend on this
capital. Under policy prescribed by the Board of Governors, excess
earnings are retained as surplus capital in an amount equal to capi-
tal paid in. Before remittances to the Treasury are made, dividends
are paid and earnings are retained to equate surplus to capital paid
in. Dividends are paid even if remittances to the Treasury would be
zero. As discussed earlier, in the event that earnings fall short of
the amount necessary to cover operating costs, pay dividends, and
equate surplus to capital paid in, the Federal Reserve books a liabil-
ity of “Interest on Federal Reserve notes due to U.S. Treasury.” This
line item is recorded in lieu of reducing the Reserve Bank’s surplus.
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Figure 5. Federal Reserve Distributions to
the U.S. Treasury
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*Preliminary unaudited estimate; see http://www.federalreserve.gov/newsevents/
press/other/20140110a.htm.

2.2.5 Remittances to the Treasury

Each week, the Federal Reserve remits any earnings in excess of
operating expenses and dividends to the U.S. Treasury.15 The use of
these funds is stipulated in the Federal Reserve Act, which states:

The net earnings derived by the United States from Federal
Reserve banks shall, in the discretion of the Secretary, be used
to supplement the gold reserve held against outstanding United
States notes, or shall be applied to the reduction of the out-
standing bonded indebtedness of the United States under reg-
ulations to be prescribed by the Secretary of the Treasury.16

Over time, as shown in figure 5, annual remittances remained
in a relatively small range, averaging about $25 billion in the years

15Occasionally, statutory transfers occur, which mandate that the Federal
Reserve transfer a portion of its surplus to the Treasury. The last time this
occurred was in 2000, when approximately $3.8 billion held in the surplus account
was transferred to the Treasury.

16Federal Reserve Act, Section 7, Use of Earnings Transferred to the Treasury,
12 USC 290, sub-section (b).
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Figure 6. Selected Treasury Receipts
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immediately preceding the financial crisis. During the crisis, as Fed-
eral Reserve income increased notably, so did remittances to the
Treasury. Still, remittances remained a relatively small share of
government receipts—dwarfed by individual income and corporate
income taxes, as shown in figure 6, and about in line with customs
deposits (not shown).

3. Projections Assumptions

In order to construct projections of the Federal Reserve’s balance
sheet, assumptions about many of the details of the macroecon-
omy as well as the Federal Reserve’s balance sheet and its evolution
must be made. In addition, the projections in this paper are con-
structed to be consistent with the Federal Reserve accounting prin-
ciples discussed in section 2.17 The following sub-sections review key
assumptions made to project the balance sheet and income.

17The Federal Reserve’s accounting principles are published on
the website of the Board of Governors of the Federal Reserve:
http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountmanual.pdf.

http://www.federalreserve.gov/monetarypolicy/files/bstfinaccountmanual.pdf.
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3.1 Scenario Assumptions and Results Overview

Our projections rely on the FOMC’s guidance regarding monetary
policy normalization principles, the forecasts in the February 2014
primary dealer survey conducted by the Federal Reserve Bank of
New York, and the December 2013 and February 2014 Blue Chip
forecasts. In the near term, we assume large-scale asset purchases
that are in line with the median projection from the dealer sur-
vey, with purchases in 2013 and 2014 totaling about $1.5 trillion.
Consistent with the June 2011 FOMC “exit principles,” which were
detailed in the June 2011 FOMC meeting minutes, we assume that
the first step to normalize the stance of monetary policy involves
the FOMC allowing SOMA holdings to mature or prepay without
reinvestment. Beyond that first move, we analyze a variety of alter-
native normalization policies mentioned above. A summary of the
key results is shown in table 3.

In the baseline projection, we assume no MBS sales. The size of
the SOMA portfolio will normalize by June 2021. Despite the nor-
malization of the size of the portfolio, the composition of the port-
folio will still reflect the non-traditional policy choices; at the end of
our projection period in 2025, over $500 billion of MBS will remain
on the Federal Reserve’s books. The amount of these MBS holdings
even at this late date is still large, and residual sales would most
likely take some careful consideration if sales were desired. Annual
remittances to the Treasury are projected to remain sizable over the
near term and cumulate from 2009 through 2005 to about $920 bil-
lion. Overall, this scenario suggests that large-scale asset purchases
will have a net positive effect on income relative to a scenario with
no purchases, but the Federal Reserve will continue to hold sizable
MBS for some time.

The second scenario considers MBS sales. Under the June 2011
exit strategy principles, sales of MBS were included because of a
desire to return to a Treasury-only portfolio.18 Sales of MBS over
four years accelerate the date of normalizing the size of the portfo-
lio by about two years relative to the scenario with no MBS sales.

18In the minutes of the April 2011 FOMC meeting, the reason for selling
MBS was to “minimize the extent to which the SOMA portfolio might affect
the allocation of credit across sectors of the economy.”
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However, sales of MBS would also likely result in realized capital
losses on the MBS, an outcome that would most likely reduce annual
remittances to zero for a few years. In pursuing this normalization
strategy, the FOMC presumably would need to evaluate, among
other considerations, the trade-off of quickly reducing MBS hold-
ings to zero with the possibility that remittances could be halted.
In addition, seasoned MBS may have a coupon that is very different
from prevailing market interest rates, suggesting that these MBS
would need to be sold in a less liquid market than the one in which
they were purchased, which might also be seen as risking unnec-
essary volatility in these fixed-income markets at the critical point
when the FOMC is trying to firm the stance of policy.19

The third scenario explores a policy option that was discussed in
early 2014. As the unemployment rate began to decline toward 6.5
percent, the Committee adjusted the quantitative thresholds that
dictated the forward guidance on the liftoff of the federal funds rate
to language that would signal an extended period of time before rais-
ing short-term interest rates.20 If this guidance implied a later liftoff
than what is in the baseline scenario, this would delay the date of
normalization of the size of the balance sheet somewhat. Moreover,
this alternative path for the balance sheet combined with a different
path for interest rates would have implications for Federal Reserve
income and, as a result, remittances to the Treasury. In our analysis,
a delay in liftoff would boost remittances but result in more MBS
holdings at the end of the projection period, implying holding these
non-traditional assets on the balance sheet for longer, or having to
sell more residual MBS at some date in the future.

Finally, we examine the use of term reserve-draining tools. The
baseline analysis does not explicitly model reserve-draining tools.
One interpretation of this assumption is that no such tools are

19“Seasoned” MBS, or MBS that have been issued sometime prior, would need
to be sold in the specified pool MBS market. As discussed in Vickrey and Wright
(2013), and detailed in Friewald, Jankowitsch, and Subrahmanyam (2014), the
transaction costs of selling these securities far exceed those in the TBA mar-
ket, where the securities were purchased. Executing a high volume of trades in
any market with high transaction costs could potentially present difficulties for
market functioning.

20See the January and March 2014 FOMC minutes for a summary of the
Committee’s discussion.
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needed, or that the use of RRPs or term deposits by the Federal
Reserve would be at the same cost as IOER.21 FOMC communi-
cations suggest that policymakers are considering the use of these
reserve-draining tools during normalization. And, it is possible that
some of the operations will involve transactions with terms longer
than overnight, which would most likely be at a rate that is above
the federal funds rate. A priori, we have little information to gauge
the likely cost of these tools. The cost will depend on the rate as well
as the quantity of reserves that shift to these alternative tools. To
provide a rough gauge as to how costly these tools could be, we assess
the effects on Federal Reserve net income if the interest expense is 50
basis points higher than the projected level of the federal funds rate
and apply this to all reserve balances. Fifty basis points is roughly
one standard deviation of the historical spread between the federal
funds rate and the yield on the three-month Treasury bill; assuming
all reserve balances are drained to the higher expense tools provides
an upper bound on this expense. Although interest expenses rise,
there is only a modest effect on the Federal Reserve’s cumulative
remittances.

The analysis assumes that interest rates follow the median paths
forecasted by the primary dealers and Blue Chip respondents. To
explore the interest rate sensitivity of our results, we also consider a
case where interest rates are 200 basis points higher after liftoff, for
both the baseline and MBS sales scenarios. These results provide a
rough notion of the interest rate risk embedded in the SOMA portfo-
lio. Compared with the baseline, the higher interest rate path implies
greater interest expense on reserve balances, lower net income, and
consequently lower remittances to the Treasury. With no MBS sales,
we find remittances to the Treasury are halted for three years. In
the case of MBS sales, remittances are halted for eight years. Of
course, if sales were being implemented and rates rose dramatically
as suggested here, policymakers could slow the pace of sales or stop
them entirely. In fact, if rates rose, sales, which would put upward
pressure on rates, might not be the preferred policy. In addition, the
FOMC has said sales are not part of the normalization plan. Finally,

21The Federal Reserve has been testing overnight RRP operations since late
2013. Since this tool is overnight, it most likely has a similar expense to IOER
and is not discussed here.
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in thinking about this scenario, it is important to put the shock in
some perspective. Christensen, Lopez, and Rudebusch (2013) report
that this interest rate shock scenario is very unlikely.

The sections that follow explore these conclusions in more detail.

3.2 Interest Rate Assumptions

To evaluate the current and future value of the SOMA portfolio, to
project the future interest expense of reserve balances, and to project
the future interest income from the portfolio, assumptions must be
made about the path of interest rates over the projection period.
For this analysis, we rely on the consensus near-term interest rate
forecasts from the February 2014 Blue Chip survey combined with
the consensus long-term Blue Chip forecasts from the December
2013 Blue Chip survey. The assumed path for the federal funds rate
and the yield on the ten-year Treasury note are shown in figure 7.
The federal funds rate remains in the 0 to 1/4 percent range through
the first quarter of 2015, then lifts off during the second quarter.
We combine the Blue Chip forecast for the federal funds rate with
their forecasts for the five-year, ten-year, and thirty-year Treasuries
to construct an entire yield curve.22

3.3 Near-Term Balance Sheet Assumptions

This sub-section reviews our projection methodology for selected
asset and liability items that are of particular interest.

3.3.1 SOMA Portfolio

The evolution of the SOMA portfolio is intended to be consistent
with FOMC communications through April 2014. In particular, we
assume the following:

(i) Holdings of securities are increased at a declining pace con-
sistent with the February 2014 primary dealer survey, until
purchases stop in October 2014. The total expansion in hold-
ings of Treasury securities and MBS over 2013 and 2014 is
about $1.5 trillion.

22Refer to Carpenter et al. (2013).
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Figure 7. Interest Rates
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(ii) Reinvestment of principal payments from agency securities
into agency MBS continues until the FOMC begins to unwind
the current accommodative monetary policy stance.
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Specifically, maturing or prepaying securities are assumed to be rein-
vested until six months prior to the first projected increase in the
federal funds rate.

Given the initial composition of the SOMA portfolio on February
28, 2014, the portfolio evolves reflecting these two primary assump-
tions and the fact that, over time, securities held in the portfolio age,
mature, or prepay. The interest earned on securities already in the
portfolio is known. The interest rates on securities purchased in the
future are based on a projection of all outstanding securities available
to purchase including future issuance. Moreover, the composition of
future purchases imposes the assumed constraint announced by the
Federal Reserve Bank of New York that SOMA holdings in any one
CUSIP will remain below 70 percent of the total amount outstanding
in that CUSIP.23

In contrast to the Treasury securities held in the SOMA, the
maturities of the MBS securities held in the portfolio are a function
of prevailing interest rates given the embedded optionality of the
mortgages underlying these securities. To capture the effect of inter-
est rates on the paydown path of the MBS portfolio, we implement
a stripped-down version of the MBS prepayment model proposed in
Richard and Roll (1989). We abstract from the seasonality of prepay-
ments, since our primary focus is not on the month-to-month varia-
tion of prepayments but rather the long-term prepayment behavior
of the portfolio. We also abstract from the “burnout” of prepay-
ments; “burnout” refers to the exhaustion of mortgage refinancings
in the MBS, as the loans that remain in the security after a sustained
period of refinancing opportunities are unlikely to prepay. Since the
rates in our set of scenarios are never decreasing, the underlying
mortgages will always be at or moving away from the “money” and
will therefore never experience burnout. The remaining terms of the
model are a seasoning factor and a refinancing incentive factor. Sea-
soning captures the observed “ramp” in prepayment behavior. The
“ramp” captures the fact that individuals are unlikely to prepay
mortgages that were recently issued regardless of the mortgages’
“moneyness.” The refinancing incentive factor captures the option-
ality component of the underlying mortgages and is defined as a

23Refer to http://www.newyorkfed.org/markets/lttreas faq.html.

http://www.newyorkfed.org/markets/lttreas_faq.html.
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function of the ratio of the coupon rate on the MBS to the prevail-
ing mortgage rate. The refinance incentive factor takes the following
form:

Refinancing Incentive = .2406 − .1389

∗ arctan
(

5.952 ∗
(

1.089 − CouponRate

MortgageRate

))
.

The parameters of this equation are taken from the Office of Thrift
Supervision (2000). Using the combined seasoning and refinancing
incentive factors, along with our interest rate paths, we can project
the cash flows on both current and future MBS holdings, and use
these cash flows to obtain the level and approximate value of the
MBS portfolio in any given period.24

It is important to note that Federal Reserve accounting records
the securities holdings at face value and records any unamortized
premium as a separate asset or unamortized discount as a sepa-
rate negative asset. Consequently, we project both the face value of
the portfolio and the associated premiums. To project premiums on
securities purchased in the future, we calculate the market value of
the securities at the time of the purchase, which we assume is the
present discounted cash flow of these securities. To discount the cash
flows from Treasury securities, we use the yield curves constructed
from the Blue Chip forecasts for the federal funds rate, five-year
rate, ten-year rate, and thirty-year rate. To discount the cash flows
from the MBS securities, we apply an additional add factor to all
points along the Treasury yield curve. To calibrate this add factor,
we match the realized market value of the MBS held in the port-
folio at the end of February to the value of projected cash flows
discounted by the Treasury yield curve plus the add factor. For the
projection, we take this add factor and phase it into the long-run
historical spread of approximately 40 basis points over the next six
months.

24Given that this methodology only incorporates a single path of interest rates
and therefore a single path of cash flows for a given scenario, the valuation neglects
the probability of future “moneyness” of the underlying mortgage and is therefore
a simplification of a true MBS valuation.
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3.3.2 Liabilities and Capital

In our modeling, projections of Reserve Bank liabilities and capital
are also critical. In the near term, the size of the balance sheet is
driven primarily by securities purchases boosting the asset side of
the balance sheet and reserve balances increasing on the liabilities
side as the primary offsetting accounting entry. Later in the projec-
tion, normalization of the size of the balance sheet occurs, which
is the point when the liabilities side begins to determine the size
of the balance sheet. That is, like historical times, reserve balances
become fairly small, so increases in currency are the main determi-
nant of changes in the size of the balance sheet. For simplicity, we
assume that Federal Reserve notes grow in line with the Blue Chip
forecast for nominal GDP.25 Capital paid in is assumed to grow at
its decade average of 15 percent per year, and surplus is equated to
capital paid in.26 This growth rate plays a role in the long-run trend
growth rate of the SOMA portfolio.

Until the size of the balance sheet is normalized, we allow reserve
balances to be endogenous, calculated as the residual of assets less
other liabilities less capital. When reserve balances fall to the nomi-
nal level of $25 billion as the portfolio shrinks, however, we assume
that the Federal Reserve does not allow them to fall further. As cur-
rency and Reserve Bank capital are still expanding at that point,
purchases of Treasury securities are assumed to restart. Holdings of
Treasury securities expand at the same rate as currency and Reserve
Bank capital, keeping reserve balances at the assumed $25 billion

25In a classic money demand model with no change in velocity, one can proxy
money growth with nominal GDP growth. That said, there are a number of fac-
tors that influence demand for currency beyond nominal GDP, including demand
for currency from abroad, demand for currency during financial crises, and tech-
nological change in payment systems.

26In the years prior to the financial crisis, capital paid in grew rapidly. Each
member bank of the Federal Reserve System is required, by law, to subscribe
to shares of its local Reserve Bank in an amount equal to 6 percent of its own
capital and surplus. Of this 6 percent, half is held at the Federal Reserve and the
other half is on call at the bank. Consolidation in the banking industry, which
resulted in rapid growth of member bank assets, and regulatory pressures led
to higher key performance indicators from member banks. Member bank asset
growth declined during the financial crisis; however, capital-paid-in growth may
increase going forward because of, for instance, systemically important financial
institution surcharges or Basel III requirements.
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level. To maintain reserve balances at $25 billion, we assume that the
Desk begins to purchase Treasury bills. Purchases of bills continue
until these securities comprise one-third of the Federal Reserve’s
total Treasury security holdings—about the average proportion of
Treasury holdings prior to the crisis. Once this proportion of bills is
reached, we assume that the Desk buys coupon securities in addition
to bills to maintain an approximate composition of the portfolio of
one-third bills and two-thirds coupon securities.

3.4 Exit Strategy Assumptions for the Balance Sheet

We tie our modeling of the normalization of policy to the forecasted
initial increase in the federal funds rate. We rely on the general
principles for the exit strategy that the FOMC outlined in the min-
utes of the June 2011 FOMC meeting, updated for discussion in
the June 2013 minutes. Specifically, we assume that the reinvest-
ment of securities ends six months before the federal funds lifts off
from the zero lower bound. Although the FOMC guidelines note
that reserve-draining tools will be used prior to raising the funds
rate, to support the implementation of an increase in the federal
funds rate when appropriate, we abstract from this detail in the
baseline projection. The key assumptions used in the baseline and
alternative normalization projections are summarized in table 6 in
the appendix.

4. Baseline

With the assumptions in place, this section presents the baseline
balance sheet and income projections, assuming no MBS sales. This
scenario illustrates one path for monetary policy normalization that
is generally consistent with current FOMC communications. Criti-
cal assumptions for this scenario, as well as all other scenarios, are
found in table 6 in the appendix.

4.1 Balance Sheet

Figure 8 presents the projections of key balance sheet line items (the
solid lines). As shown in the top-left panel, SOMA holdings move
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Figure 8. Selected Assets and Liabilities of the
Balance Sheet
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Table 4. Projected Maturing Treasury Securities,
$Billion

2015 $3.5
2016 $215.5
2017 $194.2
2018 $374.0

up slightly through the middle of 2014, reflecting the continuation
of the asset purchase program. After the conclusion of purchases
in October 2014, the baseline portfolio begins to decline from its
peak level of $4.2 trillion as securities are allowed to redeem without
reinvestment. The peak size of the portfolio is much larger than the
size of SOMA immediately prior to the financial crisis, which was
roughly $800 billion, and roughly $3 trillion above Federal Reserve
notes.

After purchases end, under the assumption that the FOMC
begins to allow all asset holdings to roll off the portfolio as the first
step in the exit strategy, SOMA holdings begin to decline. How-
ever, because the Federal Reserve sold or redeemed almost all of the
Treasury securities with less than three years of remaining matu-
rity during the maturity extension program in 2011–12, the port-
folio holds very few shorter-dated Treasury securities at the time
redemptions begin. Therefore, as shown in the bottom-left panel,
when rolloff begins in November 2014, only a minimal amount of
securities are maturing, and Treasury securities do not immediately
decline. As shown in table 4, the amount of Treasury securities that
are maturing becomes sizable in 2016. In particular, between 2016
and 2018, nearly $750 billion in Treasury securities are expected to
mature and roll off the portfolio.

While Treasury securities do not decline until sometime after
liftoff, MBS holdings, the bottom-right panel, begin to contract
immediately. These holdings decline modestly, as prepayments are
projected to be about $45 billion per quarter around the time of
liftoff, and then slow further as rates rise. By the end of 2025, MBS
holdings are roughly $540 billion. Recall that in former Chairman
Bernanke’s press conference he noted, “in the longer run, limited
sales could be used to reduce or eliminate residual MBS holdings.”
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This projection suggests that residual holdings are still a sizable
amount.

The decline in Treasury and MBS securities implies that the
size of the balance sheet is normalized in May 2021 with $1 trillion
in Treasury securities holdings and $890 billion in MBS holdings.
Afterwards, SOMA begins to expand in line with the growth of cur-
rency and capital. Purchases of Treasury securities can be strategic
to move the portfolio toward the composition that the FOMC desires
in the longer run.

The level of reserve balances throughout the projection roughly
reflects the asset program minus currency in circulation. As shown
in the top-right panel, reserve balances top out at $2.9 trillion in
November 2014, as the SOMA portfolio peaks with the end of asset
purchases. Further out in the projection, the reduction in the size
of the SOMA portfolio, along with the projected growth of Reserve
Bank capital and Federal Reserve notes, results in declines in the
level of reserve balances. Since we assume that reserve balances
do not fall below $25 billion, by mid-2021 the Desk again starts
to reinvest maturing Treasury securities and begins purchases of
Treasury securities. If one were to consider a higher level of steady-
state reserve balances, then normalization would occur slightly
earlier.

4.2 Income

Figure 9 shows the path of Reserve Bank net income. Because of
the large size of the SOMA portfolio, combined with the (relatively
high) coupons on the securities, interest income is elevated for some
time.27 As the SOMA portfolio begins to contract with the assumed
steps in the exit strategy, interest income declines through mid-2021.
After reserve balances reach $25 billion, Treasury purchases resume,
expanding the portfolio, causing interest income to rise.

Interest expense reflects both the level of the federal funds rate
and the level of reserve balances. The federal funds rate in the dealer

27The current weighted average coupon on the SOMA portfolio is 3.4 percent.
This weighted average coupon evolves over the projection period as securities are
purchased or are removed from the portfolio.
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Figure 9. Income Projections
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survey begins to rise in 2015, and interest expense rises with it. How-
ever, in 2018, interest expense begins to moderate, as the decline in
reserve balances more than offsets the rise in the federal funds rate.

On net, annual remittances to the Treasury remain elevated by
historical standards in the near term, but then decline. The trough



268 International Journal of Central Banking March 2015

in remittances is $18 billion in 2018, a level that is not much lower
than the $25 billion average remittances in the decade prior to the
financial crisis. There is no deferred asset in this baseline projec-
tion. Cumulative remittances from 2009 through 2025 are $918 bil-
lion, above the level predicted by a trend growth in remittances.
Of course, the overall effect on the federal government’s finances is
more complicated than just the impact from Federal Reserve remit-
tances. For example, if asset purchases provide meaningful economic
stimulus, the increase in government revenues from faster economic
growth could more than offset any lull in remittances. Further, if
the asset purchases lower interest rates, the interest expense of the
federal government is lower.

Although only realized gains or losses affect the Federal Reserve’s
income, we project the unrealized gain or loss on the portfolio. The
unrealized loss on the portfolio at a point in time is defined as the
difference between the projected market value of the portfolio, less
the amortized cost of the portfolio (par value of the securities plus
net premiums). Given the large SOMA portfolio and the projected
rise in interest rates, under the baseline projections, the portfolio is
in an unrealized loss position at the end of 2014. This unrealized loss
position continues to grow through the beginning of 2018, but sub-
sequently diminishes as the portfolio shrinks through redemptions
and sales.

5. Alternative Normalization Strategies

The baseline assumption of how the FOMC may choose to unwind
unconventional monetary policy is one of many alternatives available
to the Committee. Here we consider a few alternative normaliza-
tion strategies: MBS sales, alternative forward guidance, and term-
draining tools. We compare the effects of these alternative strategies
on the balance sheet and income relative to the baseline projection.

5.1 MBS Sales

The June 2011 FOMC minutes laid out exit strategy principles
that included selling MBS over a period of three to five years at
some date after the funds rate moved above the zero lower bound.
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Selling securities is one way of raising interest rates; see, for example,
Ihrig et al. (2012). In addition, FOMC members have expressed a
desire to remove MBS from the portfolio, in part reflecting their view
that the Federal Reserve should minimize the extent to which the
Federal Reserve portfolio might affect the allocation of credit across
sectors of the economy.28 In this projection, we consider selling MBS
holdings over four years, commencing six months after liftoff. Selling
MBS after the funds rate starts to rise is not only a way to remove
MBS from the portfolio but also a way to reduce the amount of
unconventional monetary policy in place at a time when the FOMC
wants to firm monetary policy. A consequence of selling MBS is that
the Federal Reserve will realize capital loses, reflecting selling rela-
tively low-coupon MBS in an environment with rising interest rates.
This type of strategy will reduce remittances to the Treasury.

The implications of MBS sales on the balance sheet are shown
in figure 8. With MBS sales (the dashed lines), MBS holdings drop
much faster than in the baseline. Consequently, the balance sheet
with MBS sales normalizes in size around May 2019, implying that
unconventional monetary policy is unwound one year earlier than in
the baseline.

The income projection is a bit different from the baseline.
Because of MBS sales, as shown in figure 9, there are fewer secu-
rities in SOMA and so interest income is lower in the medium term.
Interest expense is also lower, because of the reduction in reserve
balances. Under this path of interest rates, with sales come real-
ized capital losses.29 Over the four-year sales period, September
2015 to August 2019, these losses average roughly $35 billion per
year. Putting the pieces together, remittances fall to zero from 2017
through 2020.

The projection has a deferred asset that peaks at about $45 bil-
lion. This illustrates that if policymakers choose to sell MBS, there
is a chance that remittances will be zero for a period of time. More-
over, as Greenlaw et al. (2013) have suggested, this could involve

28Refer to the minutes of the April 2011 FOMC meeting, available at
http://www.federalreserve.gov/monetarypolicy/fomcminutes20110427.htm.

29Treasury securities sales conducted under the maturity extension program
resulted in small gains because of the low level of market interest rates in 2012
and the relatively higher coupon on the securities sold.

http://www.federalreserve.gov/monetarypolicy/fomcminutes20110427.htm.
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negative political pressure. However, zero remittances do not mean
the Federal Reserve cannot conduct monetary policy. Other central
banks have operated with losses. For example, the Swiss National
Bank experienced an operating loss in 2008 and 2010, as a result of
their currency interventions in support of the Swiss franc.30 Despite
these losses, the ability of the Swiss National Bank to influence mon-
etary conditions was relatively unaffected. Moreover, policymakers
have suggested this is not their preferred normalization strategy and
would have the choice to slow or stop sales if this policy was found
to be inconsistent with their dual mandate.

Despite the limited period of zero remittances, the level of remit-
tances plus capital remains positive for most of that time, suggesting
that the Federal Reserve could see only brief periods of nega-
tive equity. In addition, from an operational point of view, zero
remittances do not preclude the FOMC from conducting mone-
tary policy. As noted by Cukierman (2011) and others, a central
bank differs from a private corporation in that its objective is not
profit maximization—for example, in the United States, the Fed-
eral Reserve’s objective is promoting maximum employment, stable
prices, and moderate long-term interest rates—and it can therefore
operate with negative equity.

For simplicity, this scenario is modeled assuming the same under-
lying macroeconomy as in the baseline. Of course, the underlying
economy could differ, and most likely would be part of the rea-
son that the FOMC chose to deviate from its current plans not to
sell MBS in its normalization strategy. For example, it might be
the case that the economy starts to expand at a faster rate than
desired or inflation rises above the Committee’s 2 percent objec-
tive. If so, MBS sales could put upward pressure on interest rates
and return the economy to the baseline path. So, assuming that the
monetary policy actions are effective, the medium- to longer-run pro-
jection for the economy should be similar to what is assumed in the
baseline.

30Refer to “Annual Result of the Swiss National
Bank” for 2008 and 2010, available for download at
http://www.snb.ch/en/mmr/reference/pre 20090304/source/pre 20090304.en.pdf
and http://www.snb.ch/en/mmr/reference/pre 20110303/source/pre 20110303.en.pdf.

http://www.snb.ch/en/mmr/reference/pre_20090304/source/pre_20090304.en.pdf
http://www.snb.ch/en/mmr/reference/pre_20110303/source/pre_20110303.en.pdf
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5.2 Alternative Forward Guidance Thresholds

From December 2012 to March 2014, the FOMC provided forward
guidance about the federal funds rate in terms of a threshold for
the unemployment rate. The FOMC statement explicitly noted that
the funds rate would remain in “this exceptionally low range . . .
at least as long as the unemployment rate remains above 6-1/2 per-
cent.” In the January 2014 FOMC minutes, the Committee contem-
plated alternative quantitative forward guidance.31 In March, the
minutes noted that a “participant favored introducing new quan-
titative thresholds of 51/2 percent for the unemployment rate and
21/4 percent for projected inflation.” Here, we consider the impact
of implementing a threshold that would push out liftoff from the
date assumed in the baseline.

Lowering the threshold implies shifting market participants’
beliefs to a later liftoff of the federal funds rate. For illustrative
purposes, we assume the liftoff occurs four quarters later than the
baseline, which is when the Blue Chip forecast has the unemploy-
ment rate reach 5.6 percent and CPI inflation one year out is 2.3
percent. This later liftoff implies that the contour of the balance
sheet will change, delaying the decline in the portfolio and therefore
the normalization of the size of the balance sheet. In addition, the
delay in liftoff affects income. Of course, a critical question is how
fast rates will rise after liftoff. We assume the funds rate moves up
at the same pace as the baseline scenario, as illustrated in figure 7.
We also assume that rolloff begins six months before liftoff, delaying
the start to rolloff by six quarters from the baseline. The ten-year
yield is adjusted by a simple approximation of the expected change
in the rate as implied by the expectations hypothesis. That is, we
lower the ten-year yield by the average decrease in the path of the
federal funds rate over the next forty quarters.

Figure 8 illustrates the evolution of the balance sheet (the
dashed-dotted lines). The delayed start to stopping reinvestment
implies larger MBS holdings throughout the projection period, with
about $600 billion in holdings at end-2025.32 For Treasury securities,
however, the delayed start to allowing the securities to roll off the

31 FOMC minutes are found here: http://www.federalreserve.gov/monetarypolicy/fomccalend
32Chairman Bernanke mentioned in his press conference statement that resid-

ual agency MBS holdings could be sold at some point in the future.

http://www.federalreserve.gov/monetarypolicy/fomccalendars.htm.
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portfolio when they mature is not as dramatic. This is in part a result
of the maturity extension program, in which the Federal Reserve sold
or allowed to redeem all securities with remaining maturity of less
than three years and purchased the same amount of securities with
remaining maturity of six years or greater over the course of 2011
and 2013. Consequently, there are few securities maturing in 2015
(see table 4). Hence, projected Treasury holdings in the medium
term are not that different from the baseline. Of course, later in the
period, Treasury holdings are less than the baseline since there are
more MBS holdings in this scenario. Taken together, the evolution
of the securities holdings implies that normalization of the size of
the balance sheet is delayed by six months relative to the baseline,
implying a longer period for unconventional monetary policy to be
in place.

Figure 9 shows that this policy would boost remittances to the
Treasury by a sizable amount. Interest income is boosted through
the medium run by the higher securities holdings. Interest expense
is generally lower than the baseline, reflecting the fact that delayed
start to the rise in the federal funds rate allows more Treasury secu-
rities to roll off the books and reduce reserve balances faster once
the federal funds rate rises. These two factors imply that remittances
are much higher through the medium term, with a trough of roughly
$25 billion. Cumulative remittances are $989 billion, $71 billion more
than the baseline. This scenario shows that if the FOMC chose to
lower the threshold, for whatever reason, unconventional monetary
policy would be unwound a bit more slowly, while remittances would
be boosted relative to the baseline scenario. Again, MBS holdings
would be sizable at the end of 2025.

Of note, our analysis abstracts from possible macroeconomic
effects of delaying the rise in rates. For example, while there could be
beneficial effects on output if rates were held “low for long,” inflation
could rise substantially. In particular, evidence from DSGE models
suggests a particularly outsized response from forward guidance, and
some authors suggest methodologies for damping this response (Del
Negro, Giannoni, and Patterson 2013). Moreover, there could be evi-
dence of excess risk taking in financial markets, leading to financial
instabilities, discussed in Feroli et al. (2014). The conditionality of
forward guidance should mitigate these risks; however, as with any
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policy decision, there exists some uncertainty and therefore some
risk of an unfavorable outcome.

5.3 Term Reserve-Draining Tools

So far, our analysis has assumed that the Federal Reserve has not
engaged in any active liability management and, as a result, reserve
balances passively decline as securities mature and roll off the port-
folio. As noted in the June 2011 exit principles, the Committee may
elect to incorporate liability management tools to reduce or “drain”
reserve balances into its exit strategy in order to support condi-
tions in which the federal funds rate trades near the intended target
policy rate. Tools that could be used to drain reserve balances
include reverse repurchase agreements and term deposits. RRPs
can be conducted at an overnight or term frequency. Overnight
RRPs would result in the balance sheet composition shifting from
reserve balances to RRPs, but with the overnight rate likely being
near IOER, there would likely be only a minimal effect on income.
For term-draining tools, however, the income effect could be more
noticeable.

If the Federal Reserve were to use term-draining operations where
counterparties demanded a relatively high rate of return since these
term operations have a longer maturity and would be less liquid
than reserve balances, interest expense would rise. To illustrate this
point, we assume that all reserve balances pay 50 basis points above
IOER. This scenario is calibrated to one standard deviation of the
historical spread between the federal funds rate and selected one-
and three-month money-market rates.

The size of the balance sheet is unchanged in this scenario,
though there would be a shift in the composition of liabilities: reserve
balances would fall 1:1 with the use of term deposits and term RRPs.
Interest expense would rise, with an increase of 50 basis points
per each dollar drained. Given we assume all reserve balances are
drained, an extreme example, as shown in table 5 and figure 9, even
in this case, annual remittances are only marginally affected. This
result is because the balance sheet is shrinking at the time inter-
est expense is rising. The impact of higher costs reduces cumulative
remittances by about $40 billion. Given the magnitude of the other
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Table 5. Projected Remittances, $Billion

Cumulative
2015 2016 2017 2018 2019 2020 2009–2025

Baseline 93.8 53.3 25.2 18.2 22.9 31.0 918.4
Costly 83.8 41.7 15.8 11.4 18.9 29.3 875.1

Draining*

*Term-draining tools implemented on all reserve balances from liftoff to when reserve
balances are normalized.

costs and revenues, the expense associated with draining tools does
not seem too large.

6. Interest Rate Sensitivity—Deferred Asset

Above we found that with baseline assumptions the Federal Reserve
will normalize monetary policy and its balance sheet without any
deferred asset. The only way that remittances could fall to zero in
this case would be if interest expense rose sustainably while reserve
balances were elevated. In the MBS sales scenario, remittances could
be halted for a longer period than projected above if realized losses
were larger. To illustrate these points, we allow interest rates to
rise 200 basis points higher after liftoff than in the baseline projec-
tion. The results will highlight the point discussed in the December
2012 minutes: “Depending on the path for the balance sheet and
interest rates, the Federal Reserve’s net income and its remittances
to the Treasury could be significantly affected during the period of
policy normalization.” In particular, it could be necessary to raise
rates faster than in the baseline if the economy was overheating or
if inflation was consistently well above the Committee’s 2 percent
objective. This shock to interest rates has two effects on the size of
the balance sheet. First, higher interest rates reduce the incentive for
mortgage holders to refinance, causing MBS prepayments to slow.
Second, higher interest rates increase interest expense on reserve bal-
ances in both scenarios and realized losses in the scenario with sales.
All these factors increase the likelihood of a deferred asset, which
also delays the date of normalization.
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Figure 7 shows the projected rates for the higher interest rate
scenarios. The federal funds rate and ten-year Treasury yield rise
at a faster pace at liftoff, and after one year are 200 basis points
higher than the baseline rates over the remainder of the projection.
In the baseline interest rate projection, the ten-year Treasury yield
rises by approximately 1 percentage point between end-2014 and
end-2016. By contrast, the 200-basis-point shock implies that the
ten-year Treasury yield is increasing by 3 percentage points over
those two years.

There are a couple of ways to put the size of this shock in per-
spective. To start, this size shock is 1.3 percentage points above the
average forecast of the top 10 highest respondents in the Decem-
ber 2013 Blue Chip survey (roughly 20 percent of the sample), and
thus is probably comfortably above most market participants’ inter-
est rate projections. In addition, for a historical comparison, from
1978 to present, the standard deviation of the two-year change in
the ten-year Treasury yield is 1.6 percentage points. As a result, this
higher interest rate scenario should be seen as a somewhat unlikely
scenario, but not an implausible one. Of course, to the extent that
inflation expectations have become better anchored through time,
this increase in interest rates may be even less probable than the
historical record may suggest.

Focusing on the baseline, no-MBS-sales scenario, shown in figure
10, the interest rate shock does not substantially change the Fed-
eral Reserve’s balance sheet projections.33 The income projection,
as shown in figure 11, does change, however. The higher federal
funds rate implies greater interest expense. Once combined with
non-interest income and expenses, remittances to the Treasury fall
to zero for several years and a deferred asset is booked for 2017
through 2020.

How should we interpret this shock? Cumulative remittances
from 2009 to 2025 are $791 billion, about $125 billion less than
in the baseline. To put some perspective on this value, it remains
greater than what would be suggested by a pre-crisis 1990–2007
trend level of remittances. This projection is also similar to
what Christensen, Lopez, and Rudebusch (2013) report as their

33A deferred asset will have a small impact on the size of the SOMA portfolio,
but not enough to see in the figures.
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Figure 10. Selected Assets and Liabilities of
the Balance Sheet
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Figure 11. Income Projections
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lower-bound “probability-based” stress scenario.34 Further, they
note that the chance that cumulative remittances would be below
an underlying trend value is less than 0.1 percent.

34 Christensen, Lopez, and Rudebusch (2013) suggest that the probability of
this shock is less than 5 percent.
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Turning to a scenario where MBS are sold, the higher interest
rate path does not change the balance sheet by much, but with
higher interest expense and larger capital losses, a deferred asset
peaks at nearly $263 billion. Moreover, remittances to the Treas-
ury are halted for 83/4 years. Cumulative remittances from 2009
to 2025 are $635 billion, about $283 billion less than in the base-
line. Of course, the June 2013 minutes stated that policymakers
do not expect to sell agency mortgage-backed securities during the
process of normalizing monetary policy. Therefore, this scenario is
very unlikely to play out. In addition, policymakers could change
their exit strategy, slowing or stopping these asset sales.

These sensitivity scenarios illustrate that in some circumstances
the Federal Reserve could have years with no remittances to the
Treasury and a deferred asset on its books. It is important, however,
that these scenarios be viewed within a macroeconomic framework.
As noted above, to the extent that asset purchases are effective
in stimulating the economy, overall government revenues would be
boosted on net, despite the capital losses at the Federal Reserve. In
addition, one should consider the Federal Reserve’s remittances over
the entire period of unconventional monetary policy. Overall, aver-
age annual remittances to the Treasury even in these shock scenar-
ios remain well above the average annual remittances of $25 billion
recorded prior to the crisis.

More broadly, as mentioned above, zero remittances would not
affect the conduct or stance of monetary policy. This assertion is
based on a number of points that have been raised previously in the
academic literature. First, monetary policy in the United States has
historically been conducted by adjusting short-term interest rates,
and there is no direct, causal link between the remittances to the
Treasury and short-term interest rates.

Second, Cukierman (2011) and others cite that the main drivers
of central bank insolvency include assumptions of problem assets by
the central bank, fiscal abuse, and a buildup of large stocks of foreign
reserves, sometimes to support an exchange rate peg. These drivers
are absent from the U.S. case. Other drivers that could be more
applicable to the United States are a need to absorb banking-sector
excess liquidity and central bank purchases of relatively low-yielding
instruments. That said, in most scenarios, we find that any deferred
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asset would most likely be for a handful of years and would not
present an ongoing concern.

And third, one possible (though in our view, unlikely) channel
through which losses could impair monetary policy is if, for some
reason, economic agents believed that the central bank’s earnings
affected inflation. If beliefs were formed in that way, perhaps because
of a misunderstanding of the mechanics of the economy, inflation
expectations could rise and thereby become embedded in actual
inflation. Relatedly, a model by Hall and Reis (2013) provides a
theoretical model that explores the potential for a central bank to
pursue an inflationary policy in order to erode capital losses. They
state that the realization of this outcome in the United States is
unlikely and find the potential for the Federal Reserve to become
insolvent to be “remote.” By contrast, empirical evidence provided
by Klueh and Stella (2008) shows that in some countries, there can
be a negative relationship between inflation and central bank cap-
ital. Their results were based on a set of countries where central
bank losses as a percent of nominal GDP approached 2 percent, well
below any levels projected here.

Such a process of a feedback loop of inflation and losses seems
unlikely for the case of the United States. In particular, authors
such as Del Negro and Sims (2014) point to the importance of the
present value of net worth, rather than of equity, as the key measure
of central bank solvency, and perhaps by extension, central bank
independence. Because the Federal Reserve has an expected (posi-
tive) stream of seigniorage revenue from its currency franchise, the
potential impact of a short-lived deferred asset on inflation expec-
tations or on the necessity of the central bank to be recapitalized
by the Treasury should be non-existent, or negligible. That said,
Del Negro and Sims do highlight extraordinary circumstances of
alternative equilibria under which the presented discounted value of
seigniorage revenue is not sufficient to cover the gap between the
interest earned on assets less the interest paid on liabilities. This
could be a result of inflation expectations becoming embedded in
asset values, thereby eroding their present worth. In their model, a
central bank would have to resort to fulfilling those expectations by
allowing inflation to drift above its target. However, in order for this
to occur, the balance sheet would likely have to be multiples of the
size of the current balance sheet, an unlikely outcome.
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Moreover, given this apparatus to produce income projections
for any monetary policy scenario, policymakers could evaluate alter-
native ways to remove monetary policy accommodation with the
idea of choosing the path that most likely reduces the possibility of
zero remittances and, hence, political scrutiny of their actions. Two
additional strategies not presented here, for example, but that could
reduce the probability of zero remittances are security sales in the
near term when remittances are robust and committing to a more
gradual pace of tightening after liftoff. Looking across all possible
strategies, there would be trade-offs between alternative monetary
policy actions, their effect on economic activity, and remittances.
When considering these alternative actions, the FOMC would need
to keep in mind its dual mandate of full employment and price
stability.

7. Conclusion

In this paper, we have outlined a variety of ways the FOMC may
unwind the unconventional monetary policy that it has instituted
over the past several years. The different policies have implications
for the length of time unconventional policy is in place, the compo-
sition of the Federal Reserve’s balance sheet, and remittances to the
Treasury. How fast unconventional monetary policy unwinds and the
tools used depends on FOMC actions, and we discussed the impact
of a few of these possibilities.
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Appendix

Table 6. Key Assumptions of the Projections

Baseline Later
Assumption Baseline with Sales Liftoff

Current Portfolio Strategy

Agency Reinvestments Agency MBS Agency MBS Agency MBS

Treasury Purchases

Total Amount (2013–14) $790 billion $790 billion $790 billion
Jan. 2013 to Dec. 2013 45 45 45
Jan. 2014 40 40 40
Feb. 2014 to Mar. 2014 35 35 35
Apr. 2014 30 30 30
May 2014 to Jun. 2014 25 25 25
Jul. 2014 20 20 20
Aug. 2014 to Sep. 2014 15 15 15
Oct. 2014 10 10 10

MBS Purchases

Total Amount (2013–14) $680 billion $680 billion $680 billion
Jan. 2013 to Dec. 2013 40 40 40
Jan. 2014 35 35 35
Feb. 2014 to Mar. 2014 30 30 30
Apr. 2014 25 25 25
May 2014 to Jun. 2014 20 20 20
Jul. 2014 15 15 15
Aug. 2014 to Sep. 2014 10 10 10
Oct. 2014 5 5 5

Exit Strategy

Fed. Funds Liftoff 2015:Q2 2015:Q2 2016:Q2
Redemptions Start Nov. 2014 Nov. 2014 Nov. 2015
Sales Start N/A Oct. 2015 N/A
Sales End N/A Sep. 2019 N/A
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We study the effects of a wide range of European crisis-
resolution policies, including large-scale asset purchase pro-
grams of the ECB, on ten-year sovereign bond spreads of seven
European countries. Our results based on daily data on bond
spreads suggest that policies that are directly geared towards
easing the funding strains of the sovereigns and improving
market liquidity have been most effective in calming the Euro-
pean sovereign markets. Quantitatively the largest effects on
bond spreads are due to announcements of ECB’s SMP pro-
gram and OMTs. At the same time, announcements of finan-
cial assistance programs have typically increased somewhat the
perceived riskiness of long-term bonds in the guarantor coun-
tries but reduced the bond spreads in the countries receiving
funding.
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1. Introduction

European sovereign crises have led to a number of policy initiatives
by the European authorities, including the decision to establish the
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European Stability Mechanism (ESM) as a follow-up to the Euro-
pean Financial Stability Facility (EFSF) and the European Financial
Stability Mechanism. A number of important policy measures have
also been directed to enforce commitment to common fiscal rules
and improve surveillance power of the union over national bud-
getary policies in order to improve the fiscal discipline and policy
coordination within the euro area.

At the same time, the European Central Bank (ECB) has used
a series of non-standard policy measures to contain pressure to the
financial system. The ECB has provided both short-term and long-
term liquidity support to banks, lowered its main policy rate to his-
torically low levels, and set up large-scale asset purchase programs,
like in many other central banks, to revive dysfunctional segments of
the capital markets. Enhanced liquidity support has included length-
ening of the maximum maturity of refinancing operations, extension
of the eligible collateral list, provision of liquidity in foreign curren-
cies, and provision of unlimited liquidity at a fixed rate. The ECB’s
Covered Bond Purchase Program (CBPP) and Securities Market
Program (SMP) were set up to purchase private and public bonds
from the markets. The aim of these two programs was to support the
functioning of a specific financial market segment that was severely
affected by the financial crisis. Speculation over a possible breakup
of the European Monetary Union intensified in late 2011 and early
2012, culminating in a “whatever-it-takes” speech by ECB Presi-
dent Mario Draghi in July 2012 and the announcement of the ECB’s
Outright Monetary Transactions (OMTs) in September of the same
year. In contrast to the SMP, OMTs would be without an ex ante
quantitative limit but would be conditional on participation in the
EFSF/ESM program.

In this paper, we study the impact of these euro-wide policy
decisions on the long-term sovereign bond yields of seven euro-area
countries: Germany, France, Spain, Italy, Portugal, Greece, and Ire-
land. We study the policy announcement effects with an empirical
model, where the explanatory variable is the change in the spread
between the ten-year government bond yield and the ten-year euro
swap rate. Our daily data runs from January 1, 2007, to September
30, 2013.

In order to estimate reliably the announcement effect, we con-
trol for the effect of credit risk, liquidity risk, and the general risk
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appetite, as they have been found1 to be the main risk factors
determining the yields of the European sovereign bonds. The policy
decisions are added to the model by using dummy variables with a
two-day event window (the announcement day and the day after). As
a robustness check, we allow for possible rumors to have an effect and
use a three-day event window instead. Another robustness analysis
relates to the stability of the parameter estimates during the sample
period.

Our results suggest that many policy decisions have had signif-
icant effects in the European bond market. The announcement of
the ECB’s SMP and OMTs have had a significant negative effect
on yield spreads in all of the seven euro-area countries considered
in this study. At the same time, we do not find lasting impact
of the liquidity support decisions on yield spreads, and the same
applies for the ECB’s Covered Bond Purchase Program (CBPP).
The latter is understandable, given that the CBPP was directed
to support banks’ market funding at the early phase of the cri-
sis, when the European sovereign debt markets were still relatively
calm.

The financial support packages have typically decreased bond
spreads in receiving countries, but these effects are statistically
rather weak. At the same time, the financial support programs
have had a relatively significant positive effect on bond spreads
in the guarantor countries. This may reflect the fact that finan-
cial support programs are de facto risk-sharing mechanisms between
the euro-area member countries. The decisions regarding the Euro-
pean Financial Stability Facility (EFSF) seem to have decreased the
yields, while the decision on the European Economic Recovery Plan
(EERP) had a significant increasing effect on the yields of most of the
countries, as expected. Other policy decisions, mainly related to the
strengthening of the growth and stability pack and to improving the
fiscal discipline, have not had a lasting impact on bond spreads. Our
data sample also includes the Greek debt restructuring, for which
we find a very strong negative effect on yields in Greece. In other

1See, e.g., Arghyrou and Kontonikas (2012), Barbosa and Costa (2010),
Barrios et al. (2009), Favero, Pagano, and von Thadden (2010), Fontana and
Scheicher (2010), Manganelli and Wolswijk (2009), Pozzi and Woslwijk (2012),
and Sgrerri and Zoli (2009).
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countries—such as France, Italy, and Ireland—it had a significant
positive effect on sovereign spreads.

As for the risk factors, we find that the role of macroeconomic
news, which we use to proxy country-specific credit risk, has been
relatively unimportant for most of the countries in our study. At
the same time, we have found relatively strong evidence that during
the crisis (after May 2010), bond spreads became more sensitive to
changes in the risk appetite of the markets and to changes in liquid-
ity risk. We also found some evidence of increased interdependency
of the bond spreads after May 2010.

Our paper contributes to the literature studying the determi-
nation of sovereign yields in Europe, in that it focuses on a wide
range of policy and macroeconomic news factors. In contrast to
many other papers, we use high-frequency data, which allows us
to focus on the announcement effects. Our paper also contributes
to the literature on large-scale asset purchases, albeit our focus
is limited to the impact of the ECB’s asset purchase announce-
ments on sovereign bond prices only. For instance, Krishnamurthy
and Vissing-Jorgensen (2011, 2013) find that announcements of U.S.
Federal Reserve quantitative easing programs typically have had a
negative effect on Treasury yields as well as on corporate bonds and
agency mortgage-backed securities (MBS). Rai (2013) has found that
the U.S. Federal Reserve’s “unconventional” policy initiatives have
been effective in reducing market spreads, yet somewhat less so in
reducing bond spreads. Most effective have been the policies that
broadened the range of collateral eligible for secured funding from
the Federal Reserve. At the same time, fiscal policy announcements
led, if anything, to increases in spreads. Our results suggest that
the announcement of central bank asset purchases directed to the
stressed sovereign markets can also have a rather large effect on bond
spreads, in line with, e.g., Gagnon et al. (2011), Hamilton and Wu
(2012), and Krishnamurthy and Vissing-Jorgensen (2011, 2013) for
the United States.

The rest of the paper is organized as follows. The second section
summarizes the findings of the literature related to our paper. Our
empirical model is presented in the third section, and the estimation
results of the empirical model are presented in the fourth section.
The fifth and final section concludes our findings.
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2. Determinants of the Sovereign Bond Yields

There exists a vast literature studying the factors that determine the
yields of the euro-area sovereign bonds. The earlier literature focused
on understanding the convergence in the euro-area sovereign bond
yields after introducing the EMU. The more recent literature has
been trying to explain the fast divergence of the yields in the same
set of sovereign bonds.

In this section we first take a closer look at the evolution of the
euro-area government bond yields. We then provide some theoretical
background for the empirical studies explaining the determinants of
the sovereign bond yields and finally summarize the main results of
the empirical literature.

2.1 Evolution of Euro-Area Government Bond Yields and
Policies

After the introduction of the euro, the yields of the euro-area sov-
ereign bonds converged rapidly. At that time, this development
was believed to be fairly natural. Given that there was no longer
exchange rate and inflation risk, it was quite understandable that
the yields were decreasing. Liquidity and credit risk decreased as
well, along with the falling cost of public debt. The phase of con-
vergence was followed by a few years of apparent harmony, and the
credit market focused more on corporate bonds and other “more
exciting” debt instruments.

The markets turned their focus to the euro-area sovereign debt
market again after the collapse of Lehman Brothers in September
2008. Figure 1 presents the evolution of sovereign bond yields for
selected euro-area countries. It can be seen that the development
during the past five years has been dramatic. It appears that there
has been a regime shift in the pricing of the European sovereign
bonds.

When the financial crisis intensified and spread to the real econ-
omy, the euro-area governments provided support for the banking
sector. Fiscal stimulus measures, such as the European Economic
Recovery Plan, were implemented in order to support failing macro-
economies. However, the strength of the spillovers from financial
markets to the real economy was surprisingly strong, leading to
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Figure 1. Yields of the Ten-Year Government Bonds for
Selected Euro-Area Countries

deterioration of macroeconomic fundamentals in many euro-area
countries and significant widening of the euro-area bond yields since
late 2008.

Long-term interest rates started to rise, especially in those coun-
tries that had accumulated deficits during the tranquil times or
otherwise had a banking sector that was particularly vulnerable
to international financial crises. The crisis hit especially hard in
Greece, where debt markets have been under severe stress since mid-
2010. Later on, the debt crisis started to spread also to other finan-
cially vulnerable euro-area countries with well-known consequences.
Greece, Ireland, Portugal, and most recently Cyprus were driven
out from the markets and received funding from the European crisis-
resolution mechanisms and the International Monetary Fund (IMF).
In connection with widening spreads, the large euro-area countries
Spain and Italy also suffered from deteriorating market sentiment
driving up the yields and hampering their ability to roll over debt
and finance their deficits at sustainable rates. Sovereign debt crises
also spread to the banking system, causing interbank markets to dry
up, and revealed the vulnerability of the European banking system
to the sovereign risk.
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Euro-area sovereign crises have led to a number of policy actions
and initiatives by the European fiscal authorities, including the deci-
sion to establish the European Stability Mechanism as a follow-up to
the European Financial Stability Facility and the European Finan-
cial Stability Mechanism. These crisis-resolution mechanisms were
created in order to provide financing to troubled euro-area sovereigns
that faced financing difficulties. Financing from these mechanisms
would be conditional on macroeconomic adjustment programs, in
line with the IMF practice.

A number of important policy initiatives have also been directed
to improve the fiscal discipline within the euro area. For exam-
ple, Europe has agreed on the so-called fiscal compact which will
strengthen coordination of fiscal and economic policy; the European
semester enables the European Commission to view member states’
budgetary and structural policies before their implementation; and
the Macroeconomic Imbalances Procedure aims at detecting exces-
sive macroeconomic imbalances. From the institutional perspective,
all these policies have a common goal of enforcing commitment to
common rules and improving surveillance power in economic and
financial matters by the union. The fiscal compact aims to bring
the balanced budget rules to Europe in the same way as in the
United States, where many states and local communities are subject
to balanced budget rules.

At the same time, the ECB has used a series of non-standard pol-
icy measures to contain pressure to the financial system by providing
both short-term and long-term liquidity support and has lowered its
main policy rate to historically low levels. Enhanced credit support
measures have included lengthening of the maximum maturity of
refinancing operations, extension of the eligible collateral list, pro-
vision of liquidity in foreign currencies, and provision of unlimited
liquidity at a fixed rate. The ECB has also acquired private and pub-
lic bonds within its Covered Bond Purchase Program and Securities
Market Program, which were tailored to support the liquidity of the
money market and the transmission of monetary policy. As the spec-
ulation over the future of the European monetary union intensified
in late 2011 and early 2012, ECB President Mario Draghi gave his
“whatever-it-takes” speech in July 2012, followed by the announce-
ment of the ECB’s Outright Monetary Transactions in September
of the same year.
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But have these policy initiatives been effective? One way to look
at it is to analyze the impact of the different policy announcements
on sovereign bond yields. However, in order to estimate reliably
the policy announcement effects, the proper choice of conditioning
variables is important.

2.2 Theoretical Background

The empirical studies explaining the determinants of the sovereign
bond yields often rely (loosely) on the structural model of Merton
(1974). The key idea behind Merton’s model is that a risky zero-
coupon bond has the same payoff structure as a risk-free bond plus
a put option on the firm’s value, with a strike price equal to the face
value of the firm’s debt. Therefore, the value of the put option is the
cost of eliminating the credit risk, and the default-risky bonds can
hence be priced by using standard option pricing theory such as the
Black-Scholes equation.

The model is relying on an assumption that the firm’s default is
triggered when the firm value falls below some threshold and that
this threshold is a function of the amount of debt that the firm has.
This relates the corporate credit risk to its fundamentals such as
leverage ratio and the volatility of the firm value. The third fac-
tor that determines the price of a default-risky bond in the Merton
model is the risk-free interest rate.

The original Merton model has been extended in various ways.
The extension that is the most relevant to us is the one by Gapen
et al. (2008). While the original Merton model considers the corpo-
rate bonds, Gapen et al. (2008) extend the model for the default-
risky sovereign bonds. Gapen et al. (2008) state that the main factors
underlying sovereign credit risk are the volatility of sovereign assets
and a country’s leverage.

Even though the Merton model has had an influence on some
of the empirical studies on yield determination, most of the papers
are purely empirical.2 There exists ample empirical evidence, dis-
cussed in more detail in section 2.3, which suggests that besides the

2In their recent paper, Arghyrou and Tsoukalas (2011) find the lack of theo-
retical background troublesome and propose a new theoretical framework for the
European debt crisis. The key idea in their model is that in the currency union
the systemic macroeconomic risks cannot be solved by currency adjustments,
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credit risk, sovereign yields are affected by liquidity risk, by gen-
eral risk appetite, and perhaps by the interaction of these three
factors.

2.3 Empirical Evidence on Yield Determination

The empirical evidence on the determinants of the European sover-
eign bond yields is extensive yet mixed. Different factors have been
found to be relevant depending on the set of countries under study,
time period, data frequency, estimation methodology, or proxies for
the different risk factors. One thing that almost all studies seem
to agree upon, however, is that there exists a common risk factor
that reflects investors’ changing attitudes towards risk (Arghyrou
and Kontonikas 2012; Barrios et al. 2009; Favero, Pagano, and von
Thadden 2010; Manganelli and Wolswijk 2009; Pozzi and Woslwijk
2012; Sgherri and Zoli 2009). The rationale behind these findings
is that higher uncertainty increases investors’ risk aversion and this
causes them to restructure their portfolios. Typically this is done in
favor of bonds with safe-haven status, and hence the yields of the
bonds with higher default risk increase.

Even though it is widely agreed that such a factor of general
risk attitude or appetite exists, there is still an ongoing debate on
how to measure this factor and what are the underlying causes
of the changes in investors’ risk aversion. Manganelli and Wol-
swijk (2009) suggest that the ECB policy rate is the key issue
driving aggregate risk perception. Others concentrate less on the
causes of uncertainty and settle for measuring risk attitude with
some financial market variables that describe uncertainty in the
global financial markets, such as the S&P 500 implied volatility
index, i.e., VIX3 (Arghyrou and Kontonikas 2012; Beber, Brandt,
and Kavajecz 2009; Borgy et al. 2011; Gerlach, Schulz, and Wolff
2010) or the spread between the yields of U.S. corporate bonds

but are instead diverted to the sovereign debt market and hence cause increasing
default risk.

3The Chicago Board Options Exchange Volatility Index, i.e., VIX is con-
structed by using the implied volatility of the S&P 500 index options with differ-
ent strikes. It reflects the expected movement in the S&P 500 index over the next
thirty-day period and is hence typically used as an index of market sentiment or
fear.
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against U.S. Treasury bills (Attinasi, Checherita, and Nickel 2009;
Favero, Pagano, and von Thadden 2010; Haugh, Ollivaud, and
Turner 2009).

Besides the common market risk factors, the models of yield
determination also include country-specific risk factors. The most
important of those is the sovereign credit risk. Most of the existing
studies have used data sets with low frequency (monthly or quar-
terly). This has some advantages, such as being able to use the
macroeconomic statistics (e.g., debt-to-GDP ratio, budget-deficit-
to-GDP ratio, debt service ratio, and current account balance or
expected fiscal positions by using forecasts on those same variables)
that are released only rarely to describe the fiscal position and
hence proxy the credit risk of the country (Aßmann and Boysen-
Hogrefe 2012; Arghyrou and Kontonikas 2012; Attinasi, Checherita,
and Nickel 2009; Barrios et al. 2009; Haugh, Ollivaud, and Turner
2009). Some papers have also used a country’s credit rating as a
proxy for credit risk (e.g., Manganelli and Wolswijk 2009). The stud-
ies that use higher-frequency data typically use other measures for
credit risk, such as credit default swap (CDS) premia4 (Arghyrou
and Kontonikas 2012; Barrios et al. 2009; Beber, Brandt, and Kava-
jecz 2009), because the variables that change as infrequently as once
in a month or quarter would probably not have an effect on noisy
daily yields.

The empirical evidence on the relevance of the fiscal imbalances is
mixed. However, an increasingly common finding in the literature is
that expected fiscal deficits have an effect on long-term government
bond yields (Arghyrou and Kontonikas 2012; Attinasi, Checherita,
and Nickel 2009; Barbosa and Costa 2010; Gerlach, Schulz, and Wolff
2010; Sgherri and Zoli 2009). A good summary of the findings of this
literature is provided by Haugh, Ollivaud, and Turner (2009). The
impact of CDS premia on bond yields has been found to be positive.
However, their use is somewhat problematic because of the poten-
tial endogeneity problems. Being a tradable instrument in the same

4A credit default swap is an agreement between two parties in which one can
buy “insurance” against a potential default of a bond. The buyer of the CDS
makes a series of payments (i.e., premia) to the seller, and in case of default the
seller will compensate the buyer for the losses incurred in the underlying bond
contract.
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markets, prices of credit default swaps are likely to be determined
by the same factors as the bonds themselves.5

Another potential risk factor explaining the yield differentials is
the liquidity risk. If the bond markets are large and deep, investors
are able to find counterparties more easily and execute trades when
they choose. In liquid markets it is also less likely that prices will
change due to individual transactions. Due to these reasons, an
investor will require a smaller premium in terms of the yield. There-
fore, the liquidity risk premium measures the extra interest rate
component an investor requires for bearing the liquidity risk.

Liquidity is typically considered hard to measure. The used prox-
ies have been, e.g., bid-ask spreads (Aßmann and Boysen-Hogrefe
2012; Fontana and Scheicher 2010; Gómez-Puig 2009) or the size
of the government bond markets (Arghyrou and Kontonikas 2012;
Attinasi, Checherita, and Nickel 2009; Bernoth, von Hagen, and
Schuknecht 2012; Gómez-Puig 2009; Haugh, Ollivaud, and Turner
2009), or some other measures such as the yield spread between
bonds issued by KfW and German government bonds, used by
Schwarz (2010).

The findings on the role of the liquidity risk seem to be mixed.
Some find liquidity risk to be an important factor for yield determi-
nation (Arghyrou and Kontonikas 2012; Attinasi, Checherita, and
Nickel 2009; Barrios et al. 2009; Favero, Pagano, and von Thadden
2010; Gerlach, Schulz, and Wolff 2010; Gómez-Puig 2009; Manganelli
and Wolswijk 2009; Schwarz 2010; Sgherri and Zoli 2009), whereas
sometimes it has not been found to have a significant impact on
yields (Bernoth and Erdogan 2012; von Hagen, Schuknecht, and
Wolswijk 2011).

Other variables that have been included in the models of yield
determination are, e.g., the risk-free interest rate (e.g., Fontana and
Scheicher 2010; Oliveira, Curto, and Nunes 2012), local stock mar-
ket indices (e.g., Oliveira, Curto, and Nunes 2012), volatility of the
local asset markets (e.g., Barrios et al. 2009; Fontana and Scheicher
2010, Oliveira, Curto, and Nunes 2012), foreign exchange market

5Bond spreads and CDS premia have been found to move in tandem in the
long run, yet there is some evidence that the CDS market tends to move ahead of
the bond market in pricing adjustment, meaning that past values of CDS premia
help to forecast bond yield spreads (see, e.g., Palladini and Portes 2011).
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volatility (e.g., Barrios et al. 2009; Fontana and Scheicher 2010),
and term structure variables (Fontana and Scheicher 2010; Oliveira,
Curto, and Nunes 2012). None of these variables has gained a status
of belonging to the set of “core risk factors” that includes the three
variables mentioned above.

One reason that could explain the mixed empirical findings is
that the relevance of the different risk factors changes over time,
as suggested by, e.g., Aßmann and Boysen-Hogrefe (2012), Arghy-
rou and Kontonikas (2012), Barrios et al. (2009), Oliveira, Curto,
and Nunes (2012), and many others. It might not be very surpris-
ing that the risk factors would have changed between the pre-EMU,
pre-crisis, and crisis periods, but it has also been suggested that
there have been two or three regime shifts during the financial crisis
(Barbosa and Costa 2010; Caceres, Guzzo, and Segoviano 2010).

Many studies (e.g., Arghyrou and Kontonikas 2012; Bernoth, von
Hagen, and Schuknecht 2010) confirm that the markets have been
penalizing bad fiscal positions more during the financial crisis. Also,
the required liquidity risk premium has been found to be higher dur-
ing the crisis (Aßmann and Boysen-Hogrefe 2012). The relevance of
the global investors’ risk aversion has also increased during the crisis
(Arghyrou and Kontonikas 2012; Barrios et al. 2009; Bernoth, von
Hagen, and Schuknecht 2010; Haugh, Ollivaud, and Turner 2009;
Sgherri and Zoli 2009) and the market has also priced the interac-
tion between risk aversion and credit and liquidity risks (Manganelli
and Wolswijk 2009; von Hagen, Schuknecht, and Wolswijk 2011).

Contagion in the euro-area sovereign markets has been studied,
e.g., by Arghyrou and Kontonikas (2012), Caceres, Guzzo, and Sego-
viano (2010), and Claeys and Vaš́ıček (2012). Arghyrou and Kon-
tonikas (2012) use monthly ten-year bond data for ten euro-area
countries covering the period from January 1999 to February 2010
and find that many EMU countries, especially Portugal, Ireland,
and Spain, have experienced contagion from Greece. Claeys and
Vaš́ıček (2012) also find significant spillover effects in these countries.
According to Caceres, Guzzo, and Segoviano (2010), after Septem-
ber 2008, risk of contagion was also an important factor in pricing
the euro-area sovereign bonds.

Of the number of papers examining the yield determination dur-
ing the financial crisis, the paper that comes closest to ours is
that of Attinasi, Checherita, and Nickel (2009). They study the
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determinants of the sovereign bond yields in ten euro-area countries
during the period from July 31, 2007, to March 25, 2009. Besides
studying the risk factors, they examine the announcements of the
government rescue packages for banks. They find that the announce-
ments of the rescue packages have caused repricing of the sovereign
risk, but the actual amount of the package has not had a significant
effect on government bond yields. Therefore, the results of Atti-
nasi, Checherita, and Nickel (2009) suggest that the stress in the
national banking sector was transferred to the public sector through
governments’ rescue packages.

Instead of using announcements on banking rescue packages, this
paper contributes to the literature by studying the impact of the
announcements on various political decisions made in Europe during
the financial and sovereign debt crises. To the best of our knowledge,
the effect of a wide range of policy decisions on euro-area sovereign
yields has not been studied before, yet such studies have been con-
ducted with the U.S. data.6 Our paper differs from others also by
data frequency. In order to be able to capture the policy impact from
other factors in the bond markets, we need to use daily data. Other
papers typically concentrate on lower-frequency dynamics (weekly,
monthly, or quarterly) of the sovereign bond markets. Our empirical
model on yield determination and policy effects is explained more
carefully in the next section.

3. Empirical Model on Yield Spreads

This section presents the empirical model used for studying the
determinants of the yield spreads on the European sovereign bonds.
We first describe the financial market data set, then the policy deci-
sions of interest, and finally the econometric model to be estimated.

3.1 Financial Market and Macroeconomic Data

Our data set of dependent variables includes daily yield spreads
between the benchmark ten-year government bond7 and the ten-year

6Eser and Schwaab (2013) focus only on the effects of the ECB’s SMP program
on yield changes and find relatively large and significant announcement effects.

7All the data were obtained from Thomson-Reuters and Bloomberg.
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euro swap rate from January 1, 2007, to September 30, 2013 for the
following countries: Germany (DE), France (FR), Spain (ES), Italy
(IT), Portugal (PT), Ireland (IE), and Greece (GR).8 The depen-
dent variable is henceforth denoted as yi,t for the country i, where
i = {DE,FR,ES, IT,PT, IE,GR} and day t. The group of countries
was selected such that it includes both countries in stress and those
that are healthier. The selected countries also vary in terms of the
size of the economy.

The ten-year bond maturity was chosen because it has been the
most common horizon used in the similar literature; also, the mar-
kets for ten-year bonds are relatively active. The euro swap rate
(e.g., Beber, Brandt, and Kavajecz 2009) and German government
bond yield (e.g., Arghyrou and Kontonikas 2012; Haugh, Ollivaud,
and Turner 2009) have both been used as a measure for the risk-free
interest rate in the literature. From these two we chose to use the
first one, because the euro swap rate has some advantages compared
with use of the German bund yield. First, it allows for adding Ger-
many in the analysis and second, according to, e.g., Beber, Brandt,
and Kavajecz (2009), it is commonly seen as the preferred measure
of a risk-free rate by market participants.

As discussed in sub-section 2.3, there exists wide empirical evi-
dence that the sovereign bond yields are determined by three main
risk factors: credit risk, liquidity risk, and general risk appetite. Fol-
lowing the literature, we attempt to capture these risk factors by
using their relevant proxies as explanatory variables in our regres-
sion.

We proxy a country’s credit risk by a set of macroeconomic
indicators, including different measures of the country’s fiscal and
economic stance—such as budget balance, current account balance,
GDP, and unemployment—as well as confidence indicators, such as
consumer and business confidence.9

8Due to lack of data on some explanatory variables, the dates are not exactly
these for all countries.

9In the high-frequency analysis such as ours, the country credit risk has been
typically measured with CDS premia (e.g., Arghyrou and Kontonikas 2012, Bar-
rios et al. 2009, and Beber, Brandt, and Kavajecz 2009). However, as discussed in
sub-section 2.3, the use of CDS premia might introduce some endogeneity prob-
lems in the estimation. This was, in fact, the case in our model, and hence we
decided not to measure credit risk with CDS premia.
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However, instead of using macroeconomic variables that change
only once per month or quarter as a regressor for daily bond spread,
we incorporate the macroeconomic variables in the form of news
announcements.10 Our macroeconomic news data set includes the
scheduled releases of the selected macroeconomic indicators pub-
lished in the Bloomberg World Economic Calendar. Besides the
released figure of a macro indicator k (denoted as At,i,k), the data
also comprises the market forecast for each released figure, denoted
as Ft,i,k. The market forecast is the median of all the individual
survey forecasts that Bloomberg collects from the market agents
before the announcement. The available macroeconomic variables
differ between countries somewhat, and the selected indicators for
each country are presented in table 5 in appendix 1.

Naturally, the market should only react to new information
and, hence, only part of the announced macroeconomic figure that
surprises the market—i.e., news—should affect the bond spreads.
Following the literature, news is defined as standardized surprise
St,i,k = (At,i,k − Ft,i,k)/σ̂k,i, where σ̂k,i is the standard deviation of
the surprises (At,i,k −Ft,i,k) of macroeconomic indicator k estimated
from the entire sample period for country i. We combine the news of
different indicators in the single variable MNEWSt,i for each coun-
try separately. This variable takes a non-zero value on those days t
when there is a news announcement.11

The second country-specific risk factor, liquidity risk, is meas-
ured by the bid-ask spread12 of the ten-year bond yield, henceforth
denoted as BASt,i. As for the general risk aversion, we use the VIX
(VIXt) to proxy the risk appetite of the global investors and the
iTraxx Europe index13 (ITRXt) to proxy the general risk atmosphere
in the European debt markets. We also considered other indicators
describing uncertainty in the financial markets, but they all turned

10There exists a vast literature on the macroeconomic news announcement
effects on bond yields and other financial market data. See, e.g., Andersen et al.
(2003).

11Before combining the indicators, the surprises of the indicators for which the
negative (positive) surprise indicates good (bad) news, such as in the case of
unemployment, were multiplied by −1.

12Bid-ask spreads were collected from Reuters.
13The Markit iTraxx Europe index comprises 125 equally weighted credit

default swaps on investment-grade European corporate entities.
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out to be insignificant and were hence left out of the final model spec-
ification. These indicators were the VSTOXX index14 to describe the
uncertainty in the European stock markets, the one-month implied
volatility of the EUR/USD exchange rate to represent the stress in
the currency markets, the squared bond yield changes to measure the
uncertainty in a particular sovereign bond market, and the weekly
CISS index15 by Hollo, Kremer, and Lo Duca (2012) to describe the
level of systemic risk at the European financial markets.

Besides the different risk factors, we considered including the
three-month Euribor interest rate to proxy the risk-free short-term
interest rate in the model, but it turned out to be statistically
insignificant and was hence left out of the final model specification.

In order to capture direct dependence between different coun-
tries’ yield spreads and possible contagion effects between the coun-
tries, we include the lagged bond yield spreads of all the countries as
explanatory variables. We recognize that this is only a crude approxi-
mation to capture the contagion effects in a noisy daily data. Besides
these risk factors and the contagion variables, our model includes
dummy variables for the policy decisions. These are discussed in
more detail in the next sub-section.

3.2 Policy Decisions

All the European-wide policy decisions we are interested in are listed
in table 1. To study the impact of these events, we create dummy
variables for each policy decision such that each dummy variable
equals one on the day the policy decision was announced and on
the day after. The motivation behind this two-day window is that in
some cases the decision was reached in the evening when the mar-
kets were already closed for that day. Hence the market reacts to the
announcement only in the day following the announcement. Also, it

14The VSTOXX index measures the implied volatility of the EURO STOXX
50 index options and is created jointly by Deutche Borse and Goldman Sachs to
measure volatility in the euro area.

15The CISS index is a composite index using information from the total of fif-
teen individual financial stress measures from financial intermediaries (banks and
non-banks), money markets, securities (stocks and bonds), and foreign exchange
markets. Linear interpolation is used for changing weekly data frequency to daily.
This index is maintained and updated frequently by the ECB.
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Table 1. Categories of the Policy Decisions

ECB Collateral Requirements Relaxed (ECBcrl t)
Oct. 15, 2008; May 3, 2010; Jul. 7, 2011; Dec. 8, 2011; Mar. 8, 2012;
Jun. 22, 2012; Sep. 6, 2012; Dec. 19, 2012; May 2, 2013; Jul. 5, 2013

ECB Collateral Requirements Restricted (ECBcrst)
May 25, 2007; Nov. 26, 2008; Apr. 8, 2010; Feb. 28, 2012; Jul. 20, 2012;
Mar. 22, 2013; Jun. 28, 2013

ECB Liquidity Support (ECBlst)
Aug. 22, 2007; Sep. 6, 2007; Mar. 28, 2008; Oct. 7, 2008; May 7, 2009;
Aug. 4, 2011; Oct. 6, 2011; Dec. 8, 2011

ECB Covered Bond Purchase Program (ECBcbt)
Jun. 4, 2009; Oct. 6, 2011

ECB Securities Market Program (ECBsmpt)
May 10, 2010

ECB Outright Monetary Transactions Program (ECBomtt)
Sep. 6, 2012

ECB Draghi “Whatever-It-Takes” Speech (ECBdhi t)
Jul. 26, 2012

Support Package Request (SPreqt)
Nov. 21, 2010; Apr. 8, 2011; Jun. 25, 2012; Jun. 27, 2012

Support Package Decisions (SPdect)
Apr. 12, 2010; May 10, 2010; Nov. 28, 2010; May 16, 2011; Jul. 21, 2011;
Feb. 20, 2012; Jul. 20, 2012; Mar. 25, 2013

Support Package Conditions Relaxed (SPcrl t)
Nov. 27, 2012; Mar. 16, 2013

Greece Debt Restructuring (Drstt)
Mar. 9, 2012

Decisions on ESM (ESMt)
Oct. 28, 2010; Nov. 29, 2010; Dec. 16, 2010; Mar. 21, 2011; Feb. 2, 2012;
Mar. 30, 2012; Jul. 9, 2012

Widening of the Mandate of EFSF/ESM (EFSFt)
Jun. 20, 2011; Jul. 21, 2011; Oct. 26, 2011; Mar. 30, 2012

European Economic Recovery Plan (EERPt)
Nov. 26, 2008

Other Decisions Related to European Economic Governance (ODt)
May 27, 2009; Sep. 29, 2010; Mar. 11, 2011; Mar. 25, 2011; Nov. 8, 2011;
Dec. 19, 2011; Mar. 2, 2012; Jun. 29, 2012; Dec. 14, 2012

Notes: The table presents the policy announcements divided into corresponding
categories.
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might be that the effect of some of the decisions on sovereign risk are
difficult to judge, and hence the market is processing the decision
longer than one day. In some cases, it is also likely that the mar-
ket already anticipates the forthcoming decision on the day before.
Therefore, we run a robustness check with a three-day window that
allows for both pre- and post-announcement-day drifts in the yield
spreads.

Altogether we have identified a very large number of important
policy decisions since January 2007, as documented in appendix 2.
We divide the policy decisions into sixteen categories and combine
the dummy variables belonging to the same category to reduce multi-
collinearity problems in the estimation and improve the economic
interpretation of the results.

The first seven categories include the important policy decisions
made by the ECB. The ECB’s collateral requirements were changed
in a number of occasions. We capture separately the decision that
eased and restricted the collateral requirements by dummy variables
ECBcrs and ECBcrl, respectively. The dummy variable related to
the ECB’s liquidity support decisions is denoted as ECBlst. The
policy announcements related to the ECB’s Covered Bond Purchase
Program and Securities Market Program are studied separately, and
the dummy variables for these categories are denoted as ECBcbt and
ECBsmpt, respectively. Finally, we allow a separate dummy variable
for the announcement of the ECB’s OMTs, ECBomt, in September
2012 and ECB President Mario Draghi’s “whatever-it-takes” speech
in July 2012.

As for the rest of the groups, we try to disentangle the decisions
that have implied a possible launch of the new financial support pro-
gram (requests for the support packages, denoted as SPreqt, and the
announcements related to the final decisions of the support pack-
ages, denoted as SPdect, are studied separately), announcements
related to the creation of the ESM (denoted as ESMt), decisions on
widening of the EFSF mandate (denoted as EFSFt), announcement
of the European Economic Recovery Plan (denoted as EERPt), and
other decisions related to European economic governance (denoted
as ODt). These other decisions are primarily related to strengthening
of the Stability and Growth Pact, and improving fiscal discipline and
fiscal coordination in the euro area. For example, Europe has agreed
on the so-called fiscal compact, which will strengthen coordination
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of fiscal and economic policy; the European semester enables the
European Commission to view member states’ budgetary and struc-
tural policies before their implementation; and the Macroeconomic
Imbalances Procedure aims at detecting excessive macroeconomic
imbalances.

3.3 ECB Interest Rate Decisions

Compared with the other ECB policy decisions, the decisions related
to the interest rates are different in a sense that, similarly to the
macroeconomic news described in section 3.1, the announcement day
and time of the interest rate decisions are known beforehand. The
ECB interest rate decisions (and other monetary policy decisions)
are made by the Governing Council of the ECB, which meets twice a
month. The monetary policy decisions are made at the first meeting
of each month, typically taking place on the first Thursday of the
month. Hence, market agents are able to form expectations on the
released decision before it is announced. Besides collecting the survey
forecasts for macroeconomic statistics, Bloomberg also collects the
market agents’ forecasts of the ECB interest rate decision. By using
the market forecast for each released interest rate decision, we can
create an interest rate surprise variable ECBirt = (At,ir −Ft,ir)/σ̂ir,
where At,IR is the decision on the interest rate made at day t, Ft,ir

is the market forecast for the interest rate, and σ̂IR is the standard
deviation of the interest rate surprises estimated from the entire
sample period. Hence, unlike the other policy announcement vari-
ables that are two- or three-day dummies, ECBirt takes a value of
the interest rate surprise on those days when the ECB makes interest
rate decisions, and zero otherwise.

3.4 The Model

To study the determinants of the yield spreads of the European
sovereign bond markets, and the impact of the fiscal and monetary
policy decisions in Europe during the debt crisis, we estimate the fol-
lowing model (1) with the ordinary least squares estimation method
separately for all the countries (i = Germany, France, Spain, Italy,
Portugal, Ireland, Greece).
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The dependent variable and the explanatory variables are
explained in sub-sections 3.1 and 3.2. Unit-root tests16 suggest that
the dependent variable is non-stationary for most of the countries
and hence the model is estimated in first differences.17 α is a con-
stant, βi for i = {DE, FR, ES, IT, PT, IE, GR} are parame-
ters that describe the potential contagion effects between coun-
tries, γj for j = {MNEWS, BAS, VIX, ITRAXX} are parame-
ters for controlling the effects of the different risk factors, δk for
k = {IR,CRL,CRS,LS,CB,SMP,OMT,DHI} capture the impact
of the ECB policy decisions, φl for l = {SPreq, SPdec, SPrl,
DEBTrst, ESM, EFSF, EERP, OD} give the impact of the other pol-
icy decisions, and εi,t is the error term of the model. The Newey-West
standard errors (with thirty lags) are used because of the undefined
form of autocorrelation and heteroskedasticity in the residuals.

Δyt,i = αi +
7∑

i=1

βiΔyt−1,i + γMNEWSMNEWSt,i

+ γBASΔBASt,i + γVIXΔVIXt + γITRXΔITRXt

+ δECBirECBirt + δECBcrlECBcrlt + δECBcrsECBcrst

+ δECBlsECBlst + δECBcbECBcbt + δECBsmpECBsmpt

+ δECBomtECBomtt + δECBdhiECBdhit + φSPreqSPreqt

+ φSPdecSPdect + φSPrlSPrlt + φDEBTrstDEBTrstt
+ φESMESMt + φEFSFEFSFt + φEERPEERPt

+ φODODt + εt,i (1)

4. The Results

In this section we present the estimation results of the empirical
model as described above. The main results are presented in table 2.

16The results for unit-root tests are available from the authors upon request.
17Similar findings, albeit from a different sample, can be found in Fontana and

Scheicher (2010). We could have also considered a co-integration analysis, but
given the short sample with possible breaks in the series, we considered it to be
out of the scope of this paper. Our focus is on policy effects and not on the yield
dynamics per se.
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We first summarize the findings related to the three risk factors:
credit and liquidity risk and the general risk appetite, as well as
the contagion variables. We then summarize the impact of the pol-
icy decisions on the sovereign bond yields, and conclude with some
robustness checks.

4.1 Risk Factors and Contagion Variables

According to our estimation results (table 2), the impact of macro-
economic news is statistically significant only in the case of Greece.
The negative coefficient implies that better-than-expected (worse-
than-expected) macroeconomic news has reduced (increased) the
bond spreads in Greece. For all the other countries, the effects are
not significant. Bid-ask spreads, which are used to proxy liquid-
ity risk, are typically positive and in most cases very significant
(France, Portugal, Ireland, Greece). Of the proxies for the risk
appetite, the impact of the iTraxx index is significant in all the
countries, while the VIX is significant only in the case of Ger-
many. The coefficient estimates (negative for Germany and posi-
tive for other countries) for the iTraxx index are consistent with
flight-to-quality behavior of the markets. These coefficients capture
the widening of the spreads between other countries and Germany,
reflecting decreasing risk appetite in the bond markets as the crisis
intensified. As the VIX reflects more the riskiness of the stock mar-
kets than the general risk appetite in the European debt markets,
it is perhaps not so surprising that it is insignificant in most of the
countries.

All in all, these results suggest that the risk appetite in the sov-
ereign bond markets is an important price determinant in the Euro-
pean bond markets, clearly more important than the surprises in
country-specific macroeconomic news. On the basis of coefficients’
size, the Italian and Spanish bond markets seem to be most sensitive
to movements in risk appetite. In the case of Portugal, Ireland, and
Greece, the risk appetite does matter, but the pricing reflects sig-
nificantly also the liquidity risk, as proxied by the bid-ask spreads.
This seems rather natural, given the difference of the size of the
bond markets in these two groups of countries.
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In contrast to the importance of risk appetite and liquidity risk,
the direct relationship between the high-frequency movements of
the countries’ bond spreads seems to be rather weak. There is some
evidence of a lagged negative relationship between some countries,
(e.g., Germany and Italy), which could be explained by the flight to
safety. There are also some significant parameter coefficients within
the countries Spain and Portugal and Greece, as well as between
Greece and Germany, but it is difficult to interpret these results
systematically. These results become more significant and inter-
pretable once we allow regime shifts in the parameter estimates (see
section 4.3).

4.2 Policy Decisions

The impacts of the policy decisions vary greatly (table 2), both in
magnitude and in significance. The unexpected interest rate deci-
sions of the ECB have had a significant effect only in the case
of Portugal. Decisions related to the ECB’s collateral policy enter
significantly only in the case of France, whereby relaxation of col-
lateral requirements has decreased the bond spreads. The impact
of the ECB’s liquidity support decision on ten-year sovereign bond
spreads is not statistically significant in any of the countries. This
could simply reflect the fact that collateral, liquidity support, and
covered bond program decisions were mainly targeted to the bank’s
funding and liquidity problems, rather than directly to the problems
in sovereign markets. Moreover, many of these decisions were made
at an early phase of the global financial crises, before the European
sovereign bond markets became under stress. Consequently, in com-
parison to, e.g., Rai (2013) for the United States, we do not find
that the ECB liquidity and collateral policies had significant effects
on long-term bond spreads in Europe.18

In contrast, the ECB policy decisions directly targeted to
the European sovereign debt markets have had a significant and
large impact on bond spreads. The announcement of the ECB’s

18Note that Rai (2013) focuses on corporate bond spreads, while we study the
impact of policies on sovereign bond spreads.
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Securities Market Program, OMTs, and ECB President Draghi’s
“whatever-it-takes” speech have had a large negative effect on bond
spreads in all of the seven countries in this study.19

Spain and Italy were affected most strongly, but coefficients are
large and very significant also in Portugal, Ireland, and Greece.
Consequently, in line with, e.g., Gagnon et al. (2011), Hamilton
and Wu (2012), and Krishnamurthy and Vissing-Jorgensen (2011,
2013) for the United States, the ECB’s announcements of large-scale
asset purchase programs had a significant effect on bond spreads in
Europe. At the same time, we did not find a statistically signif-
icant coefficient for the ECB’s Covered Bond Purchase Program,
which was specifically geared towards easing banks’ market funding
problems at an early phase of the financial crisis.20 Given that the
program was relatively small in size (€60 billion) and had actually
ended already by June 2010, it is perhaps not surprising that we find
no significant effect on the sovereign markets.

The decisions related to the financial support packages are mixed.
In table 2, the decision to request financial support has typically
not affected the markets significantly, except in Spain and Portugal,
where the request decision has had a positive effect on bond spreads.
When the decisions to grant financial support were finally agreed
upon and announced publicly by the Eurogroup, the coefficient of
the requesting country is always negative, albeit not statistically sig-
nificant. This may reflect at least partly the fact that the decisions
were largely anticipated well in advance.

In all other countries, the corresponding coefficients are posi-
tive, yet only in the case of France is the effect statistically sig-
nificant. Albeit rather weak, the general drift in the bond spreads
around the announcements of financial support packages seems to

19The SMP was announced on May 10, 2010, with the aim of addressing the
malfunctioning of certain sovereign bond markets, and by the end of Decem-
ber 2012 the Eurosystem’s SMP holdings amounted to over €200 billion. While
the SMP did not include any ex ante eligibility criteria, a necessary condition
for the OMTs was strict and effective conditionality attached to an appropriate
EFSF/ESM program. Another important difference to the SMP was that OMTs
would be ex ante unlimited.

20The covered bond program category includes two decisions, the decisions on
the first and the second program.
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reflect the risk-sharing aspect of financial support programs: coun-
tries that were acting as guarantors of the loans through the EFSF
and the ESM to troubled sovereigns, faced, if anything, increasing
bond spreads, and those receiving the finances faced decreasing bond
spreads.

Of the remaining policy decisions, we find consistent and rather
strong effects on bond spreads due to the EFSF, Greek debt restruc-
turing, and the EERP. The decisions related to the EFSF are associ-
ated with negative coefficients in all countries, yet these coefficients
are not always significant, while the announcement of the Euro-
pean Economic and Recovery Plan (EERP) has increased the bond
spreads significantly in Germany, France, Spain, and Italy. Short-run
economic stabilization probably increased the uncertainty related to
the long-run sustainability of the public sector, dominating the effect
on bond spreads in most of the countries. The decision on the Greek
debt restructuring apparently increased the perceived riskiness of
French, Italian, and Irish government bonds, but reduced that of
the others. The reduction in bond spreads was very strong in the
case of Greece, but it had a non-negligible negative effect also on
German bunds. As a result of Greek debt restructuring, investors
shifted even more to high-quality German bunds, shying away from
French, Italian, and Irish bonds. Hence, to some extent, decision over
Greek debt restructuring aggravated the situation in European sov-
ereign debt markets with negative spillovers to some already stressed
sovereigns.

4.3 Robustness

In table 3 we present some robustness checks with respect to the
lengthening of the event window from two to three days. Lengthening
the event window by one day to include also the pre-announcement
day allows to control for possible rumors and anticipation effects of
the policy announcements. In table 4 we consider, in addition to a
three-day event window, a regime shift, where we let the param-
eters of the risk factors and the lagged yield spreads of the other
countries change after May 2010. For this purpose, we have created
another dummy variable that equals one from May 2010 onwards.
More specifically, our empirical model now reads as
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Δyt,i = αi +
7∑

i=1

(βi + βi c) Δyt−1,i

+ (γMNEWS + γMNEWS c)MNEWSt,i

+ (γBAS + γBAS c) ΔBASt,i + (γVIX + γVIX c) ΔVIXt

+ (γITRX + γITRX c)ΔITRXt,i + Pt(δ, φ) + εt, (2)

where Pt(δ, φ) is shorthand for the policy dummies in our regres-
sion (see equation (1)). In equation (1) βi presents the effects of
lagged yield spreads prior to May 2010 and (βi + βi c) presents the
effect after May 2010. Similar interpretation applies to the rest of
the coefficients related to the risk factors.

The first observation from tables 3 and 4 is that our results with
respect to policy dummies remain largely unchanged: those policy
decisions that were found to be important in table 2 remain impor-
tant in tables 3 and 4. Our results with respect to importance of
the risk factors are also largely unchanged when we move from a
two-day to a three-day event window. Most interestingly, however,
when we allow for the regime shift in the effect of our main control
variables to bond spreads (table 4), we observe the following: First,
in the case of Germany, the surprise component of macroeconomic
news shifts sign after May 2010. Prior to May 2010, the macroeco-
nomic news had a positive effect on bond yields in Germany, but
afterwards the parameter γMNEWS c in equation (2) turns negative,
leaving the combined effect close to zero (0.127 − 0.143).

The positive effect of macroeconomic news prior to May 2010
probably reflects the portfolio allocation effect whereby better-than-
expected macroeconomic conditions lead investors to shift from less
risky bonds to more risky but potentially higher yielding stock mar-
kets. The fact that this positive effect disappears after May 2010
(coefficient being close to zero) might be caused by the safe-haven
status of German bunds that dominated the dynamics of the German
bond spreads after the crisis escalated.

For Greece, the negative coefficient on the macroeconomic news
variable reported in table 2 seems to be entirely driven by the neg-
ative coefficient after May 2010. For other countries, we still do not
find significant coefficients in either of the periods. This is possibly
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explained by the fact that the credit risk is typically very low in sov-
ereign bonds compared with, e.g., corporate bonds, even though the
perceived credit risk might have increased in recent years in some
countries.

Second, liquidity risk as proxied by the bid-ask spread is typi-
cally more important after May 2010, and the same applies to the
variable ITRXX, which proxies the risk appetite in the European
bond markets. In fact, ITRXX is insignificant or only marginally
significant in all but Germany prior to May 2010. Overall, then, the
results clearly suggest that bond spreads became more sensitive to
risk factors after May 2010.

As for the lagged yield spreads of the other countries, the results
point to increasing interdependency after May 2010. In particular,
the movements in Spanish, Italian, and Greek bond spreads after
May 2010 have impacted more strongly other countries, suggesting
that contagion effects became more important.

5. Conclusions

During the last five years or so, the European sovereign debt mar-
kets have experienced unprecedented turmoil. It is very important
to understand which part of evolution of bond spreads is caused
by expectations related to the changes in countries’ economic fun-
damentals and underlying economic environment and which part is
caused by the changes in the general risk appetite. If the increases
in the bond spreads are caused by the increased credit risk, it is very
likely that the yields are going to stay elevated for a very long time.
In this case it is not enough to provide time and liquidity to these
markets; the trust of the markets is gained only by improving the
long-term sustainability of the government’s fiscal position. It is also
important to understand which actual policies have been successful
in calming the stressed markets. In this paper we have focused on
the impact of a wide range of policy announcements made during
the latest financial crisis on the long-term sovereign bond yields of
seven European countries. We examined these policy effects with
an empirical model where we control the effect of credit and liquid-
ity risks as well as general risk aversion and contagion between the
countries.
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We find that many policy decisions aimed at stabilizing the Euro-
pean debt crisis have had significant effects on the sovereign bond
spreads. As expected, the decisions have caused a mixture of reac-
tions in different countries. A decision that eases the pressure in
one country may aggravate the situation in others, reflecting conta-
gion but also the risk-sharing nature of some of the policy deci-
sions. Quantitatively, the most significant effects are due to the
announcement of the ECB’s Securities Market Program, Outright
Monetary Transactions, and ECB President Draghi’s ”whatever-it-
takes-speech” in June 2012. Rather strong effects on bond spreads
were also due to the decisions related to the European Financial Sta-
bility Facility, Greek debt restructuring, and the European Economic
and Recovery Program. The decision on Greek debt restructuring led
to a very strong decline of yield spreads in Greece, but at the same
time it increased the perceived riskiness of French, Italian, and Irish
government bonds. At the same time, all the decisions related to
the new European economic governance have not been successful in
reducing uncertainty in the countries whose sovereign debt markets
have been under stress. Uncertainty related to fiscal sustainability
was probably dominating the impact of those decisions that should
improve the European fiscal landscape in the long run. This may also
reflect the high political risk associated with these decisions and an
unproven commitment of individual member states to collectively
follow the rules.

As for the other risk factors, we find that macroeconomic news,
which we have used as a proxy for credit risk, has played a somewhat
more important role after May 2010, when the European debt crisis
intensified. Overall, however, this factor is relatively unimportant for
most of the countries in our study. At the same time, we have found
relatively strong evidence that bond spreads became more sensitive
to changes in risk appetite and liquidity risk, and also contagion
effects strengthened after May 2010. Consistently with these, poli-
cies that were directly geared towards dispelling investors’ fears on
funding strains and on market illiquidity in the sovereign markets
were apparently most efficient. The effectiveness of these measures
shows that the European Monetary Union, as any monetary union,
needs efficient backstop mechanisms that can be used in the event
of crises.
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Appendix 2. List of Policy Decisions

• May 25, 2007: ECB’s amendment to the criteria for assets eli-
gible as collateral for Eurosystem credit operations. (ECBcrs)

• August 22, 2007: ECB decided to conduct a supplementary
liquidity-providing longer-term refinancing operation with a
maturity of three months. (ECBls)

• September 6, 2007: ECB decided to conduct a supplementary
liquidity-providing longer-term refinancing operation with a
maturity of three months. (ECBls)

• March 28, 2008: ECB decided on supplementary six-month
longer-term refinancing operations and continuation of the
supplementary three-month longer-term refinancing opera-
tions. (ECBls)

• October 8, 2008: ECB decided that the weekly main refinanc-
ing operations will be carried out through a fixed-rate tender
procedure with full allotment at the interest rate on the main
refinancing operation. (ECBls)

• October 15, 2008: ECB decided on measures to further expand
the collateral framework and enhance the provision of liquid-
ity. (ECBcrl)

• November 26, 2008: ECB decided on changes to the temporary
expansion of the eligibility of collateral. (ECBcrs) European
economic recovery plan. (EERP)

• May 7, 2009: ECB decided to conduct liquidity-providing
longer-term refinancing operations (LTROs) with a maturity
of one year. (ECBls)

• May 27, 2009: New European financial supervisory framework.
(OD)

• June 4, 2009: ECB decided on the Covered Bond Purchase
Program. (ECBcb)

• April 8, 2010: ECB introduced graduated valuation haircuts
for lower-rated assets in its collateral framework. (ECBcrs)

• April 12, 2010: €110 billion for Greece. (SPdec)
• May 3, 2010: ECB announced change in eligibility of debt

instruments issued or guaranteed by the Greek government.
(ECBcrl)

• May 10, 2010: €750 billion for European support package
to secure stability the euro-area. (SPdec) ECB decided to
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conduct interventions in the euro-area public and private debt
securities markets (Securities Markets Program). (ECBsmp)

• September 29, 2010: New Economic Governance Package.
(OD)

• October 28, 2010: The European Council agreed on the need
to set up a permanent crisis-resolution mechanism. (ESM )

• November 21, 2010: Ireland requests financial support.
(SPreq)

• November 29, 2010: Agreement of financial assistance pro-
gram for Ireland (€85 billion). (SPdeq) Agreement on the key
elements of the European Stability Mechanism. (ESM )

• December 16, 2010: The European Council agreed on lim-
ited amendment to the EU Treaty to underpin the permanent
mechanism. (ESM )

• March 11, 2011: Pact for the euro was endorsed. (OD)
• March 21, 2011: Eurogroup+ agreed on the organizational and

financial details of the ESM. (ESM )
• March 25, 2011: Heads of state finalize comprehensive package.

(OD)
• April 8, 2011: Ministers acknowledged the Portuguese author-

ities’ request for financial assistance. (SPreq)
• May 16, 2011: Agreement of financial assistance program to

Portugal. (SPdec)
• June 20, 2011: Agreement to increase effective capacity and

widen the mandate of the European Financial Stability Facil-
ity. (EFSF )

• July 7, 2011: ECB announces change in eligibility of debt
instruments issued or guaranteed by the Portuguese govern-
ment. (ECBcrl)

• July 21, 2011: Euro Zone Summit, second package for Greece
(SPdec), and widening of the scope of EFSF/ESM. (EFSF )

• August 4, 2011: The Eurosystem decided to conduct a
liquidity-providing supplementary longer-term refinancing
operation with a maturity of approximately six months as a
fixed-rate tender procedure with full allotment. (ECBls)

• October 6, 2011: ECB decided to conduct two longer-term
refinancing operations—one with a maturity of approximately
twelve months in October 2011, and another with a maturity
of approximately thirteen months in December 2011. (ECBls)
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ECB decided to launch a new Covered Bond Purchase Pro-
gram in November 2011. (ECBcb)

• November 8, 2011: Enforcing budgetary discipline. (OD)
• November 26, 2011: Euro-area Finance Ministers agreed on

the terms and conditions to leverage EFSF’s capacity. (EFSF )
• December 8, 2011: ECB announced measures to support

bank lending and money-market activity: two longer-term refi-
nancing operations (LTROs) with a maturity of thirty-six
months. (ECBls) ECB decided to increase collateral availabil-
ity. (ECBcrl)

• December 19, 2011: EU member states support a substantial
increase in the IMF’s resources. (OD)

• February 2, 2012: Treaty establishing the European Stability
Mechanism (ESM ): New legal text of the ESM treaty. (ESM )

• February 20, 2012: New Greek package. (SPdec)
• February 28, 2012: ECB decided on the eligibility of Greek

bonds used as collateral in Eurosystem monetary policy oper-
ations. (ECBcrs)

• March 2, 2012: Treaty on Stability, Coordination and Gover-
nance in the Economic and Monetary Union. (OD)

• March 8, 2012: ECB decided on the eligibility of bonds issued
or guaranteed by the Greek government in Eurosystem credit
operations. (ECBcrl)

• March 9, 2012: Private investors agreed to Greek debt restruc-
turing. (Drst)

• March 30, 2012: The current overall ceiling for ESM/EFSF
lending, as defined in the ESM Treaty, will be raised to €700
billion such that the ESM and the EFSF will be able to oper-
ate. (ESM, EFSF )

• June 22, 2012: ECB decided to take further measures to
increase collateral availability for counterparties. (ECBcrl)

• June 25, 2012: The request of the Spanish government for
financial assistance. (SPreq)

• June 27, 2012: The request of the Cypriot authorities for
financial assistance. (SPreq)

• June 29, 2012: A single supervisory mechanism. (OD)
• July 9, 2012: The Eurogroup politically endorsed the ESM

investment policy guideline. (ESM )
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• July 20, 2012: ECB decided on the collateral eligibility
of bonds issued or guaranteed by the Greek government.
(ECBcrs) Package for Spain. (SPdec)

• July 26, 2012: Draghi speech in London. (ECBdhi)
• September 6, 2012: ECB made decisions on a number of tech-

nical features regarding the Eurosystem’s outright transac-
tions in secondary sovereign bond markets. (ECBomt) ECB
decided on additional measures to preserve collateral availabil-
ity for counterparties. (ECBcrl)

• November 27, 2012: Relaxing of financial/economic conditions
for Greece. (SPrelax )

• December 14, 2012: The European Council agreed on a
roadmap for the completion of the Economic and Monetary
Union. (OD)

• December 19, 2012: ECB announced change in eligibility of
debt instruments issued or guaranteed by the Greek govern-
ment. (ECBcrl)

• March 16, 2013: Relaxing financial/economic conditions for
Ireland and Portugal. (SPrelax )

• March 22, 2013: ECB announced changes to the use as collat-
eral of certain uncovered government-guaranteed bank bonds.
(ECBcrs)

• March 25, 2013: Support package for Cyprus. (SPdec)
• May 2, 2013: ECB announced change in eligibility of mar-

ketable debt instruments issued or guaranteed by the Cypriot
government. (ECBcrl)

• June 28, 2013: ECB decided on the eligibility of marketable
debt instruments issued or guaranteed by the Republic of
Cyprus. (ECBcrs)

• July 5, 2013: ECB announced change in eligibility of mar-
ketable debt instruments issued or guaranteed by the Cypriot
government. (ECBcrl)
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Borgy, V., T. Laubach, J.-S. Mésonnier, and J.-P. Renne. 2011. “Fis-
cal Sustainability, Default Risk and Euro Area Sovereign Bond
Spreads.” Working Paper No. 350, Banque de France.

Caceres, C., V. Guzzo, and M. Segoviano. 2010. “Sovereign Spreads:
Global Risk Aversion, Contagion or Fundamentals?” IMF Work-
ing Paper No. 10/120.
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