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Abstract
This paper applies a recently developed method (Inoue and Rossi, 2021) to esti-
mate functional inflation expectations and ex-ante real interest rate shocks, and 
then examines their macroeconomic effects in the context of a Functional Vector 
Autoregressive model with exogenous variables (Functional VARX). Monthly data 
from January 1998 to May 2023 for the US, the UK and the euro area are used for 
the analysis. The estimated impulse responses show significant effects of the func-
tional shocks on both inflation and output. In addition, threshold functional local 
projections indicate that the effects are nonlinear and depend on central bank cred-
ibility. Further, inflation expectations shocks have similar effects to supply (demand) 
ones when they are driven by long-term (short-term) changes. In the presence of 
an inverted (steepening) real interest rate term structure, the effects are inflationary 
(deflationary) and expansionary (recessionary). Finally, the responses of inflation, 
output and the policy rate are driven primarily by the slope and curvature factors 
of the term structure shocks, which contain important information not captured by 
traditional scalar shocks.
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1  Introduction

There is a widespread consensus among academics and policymakers that infla-
tion expectations affect the transmission mechanism of monetary policy and are a 
key determinant of inflation and economic activity (Alessi and Onorante, 2012). 
However, the empirical evidence on their macroeconomic effects is relatively lim-
ited. The existing literature focuses either on the anchoring of long-term expec-
tations and their role in the monetary policy transmission to output and infla-
tion (Clark & Davig, 2011; Neri, 2021), or on the possibly asymmetric impact of 
shocks to short-term expectations (Ascari et  al., 2023), but it does not examine 
their combined effects. Inflation expectations are also a component of ex-ante real 
interest rates, which are an important driver of business cycles (King & Watson, 
1996; Neumeyer & Perri, 2005) and of commodity prices (Akram, 2009), but 
again the evidence on the macroeconomic impact of shocks to this variable is 
rather scarce compared to that on other types of shocks (Bhuiyan & Lucas, 2007).

The aim of the present study is to shed new light on these issues by using an 
approach recently developed by Inoue and Rossi (2021), which estimates infla-
tion expectations and ex-ante real interest rate shocks as exogenous shifts in an 
entire function, namely in their term structure at short-, medium- and long-term 
horizons (Aruoba, 2020). This method can provide insights into the degree of 
anchoring of inflation expectations as well as the transmission mechanism of both 
conventional and unconventional monetary policies (Holsten et  al., 2017). Spe-
cifically, we use monthly data from January 1998 to May 2023 for the US, the 
UK and the euro area first to model inflation expectations and ex-ante real interest 
rate shocks as functional shifts, and then to assess their macroeconomic effects 
in the context of a Functional Vector Autoregressive model with exogenous vari-
ables (Functional VARX) by means of impulse responses as well as nonlinear 
functional local projections. In particular, for the UK and the euro area we esti-
mate survey-based term structures using yield curve models, whilst for the US we 
use the Aruoba Term Structure of Inflation Expectations (ATSIX) dataset avail-
able from the Federal Reserve Bank of Philadelphia website.

The remainder of the paper is structured as follows: Sect. 2 reviews the exist-
ing literature on inflation expectations and real interest rate shocks, Sect. 3 out-
lines the methodology, Sect.4 presents the empirical results, and Sect.  5 offers 
some concluding remarks.

2 � Literature review

The main strand of the literature concerned with inflation expectations assesses 
the degree of anchoring. Hachula and Nautz (2018) use macroeconomic news 
announcement (MNA) surprises as a proxy variable to identify US macro news 
shocks in a Structural VAR model without long-run restrictions and find that 
macroeconomic news shocks have a significant impact on short-term (but not on 
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long-term) de-anchoring. Nautz et al. (2019), who use a similar approach but dis-
tinguish between macro news shocks and target shocks, confirm that US inflation 
expectations are anchored in the long run given the long-run neutrality of macro 
news shocks. By contrast, recent shifts in long-term inflation expectations are 
the result of changes in expectations about the Federal Reserve’s inflation target. 
Empirical investigations of inflation expectations have traditionally been based 
on the New Keynesian Phillips Curve (NKPC), for which expectations measures 
obtained from surveys are found to be a better approximation than those based 
on the rational expectations assumption (Adam & Padula, 2011; Roberts, 1997). 
Survey-based inflation expectations are known to outperform market-based meas-
ures in terms of their forecasting performance and seem to be more informative 
for macroeconomic variables such as US inflation (Fuhrer, 2011; Faust & Wright, 
2013).

The literature focusing on the macroeconomic impact of inflation expectations 
shocks confirms their key role. Leduc et al. (2007) use a VAR model with a recur-
sive identification scheme in which inflation expectations come first in the ordering 
and find that one-off exogenous increases in this variable lead to higher inflation 
even ten years after the initial impact.1 Neri (2021), instead, uses a Structural VAR 
model with sign restrictions to identify inflation expectations shocks, and find that 
they have been a significant determinant of disinflationary and recessionary peri-
ods in the euro area. Diegel and Nautz (2021) use the same type of framework and 
conclude that long-term inflation expectations are particularly important to identify 
monetary policy shocks and play a key role in the transmission mechanism. Barrett 
and Adams (2022) use the reduced-form coefficients in a VAR model including both 
inflation and inflation expectations to estimate the rational and non-rational compo-
nents of inflation expectations shocks. A positive shock is found to have deflation-
ary and contractionary effects on the US economy, which is inconsistent with the 
NKPC. Ascari et  al. (2023) instead consider the macroeconomic effects of short-
term inflation expectations shocks to assess departures from rationality and find evi-
dence for an asymmetric transmission mechanism. Using a VAR model with sign 
restrictions, they report that shocks increasing inflation expectations affect real mac-
roeconomic variables more strongly than those decreasing them.

Despite theory highlighting the importance of real interest rates as a determinant of 
economic activity (Mishkin, 1981), there are relatively few empirical studies on this 
topic. Taylor (1999) summarises some of the early empirical evidence and concludes 
that the link between the real interest rate and macroeconomic aggregates, especially 
economic growth and investment, is surprisingly weak. This has been challenged by 
later studies. For instance, King and Watson (1996) report that in the US real interest 
rates are countercyclical and lead the cycle. Neumeyer and Perri (2005), instead, assess 

1  The variable ordering with inflation expectations first reflects the time when survey participants submit 
their responses, which is usually in the middle of the month at a monthly frequency, or in the second 
month of the quarter at a quarterly frequency. Since agents making a forecast at time t  do not know the 
time t  realisation of economic variables, this ordering is common practice to identify inflation expecta-
tions shocks in a VAR framework.
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the contribution of the real interest rate to output volatility in emerging and developed 
economies and find that they are countercyclical and lead the cycle in the former, but 
are a-cyclical and lag the cycle in the latter. Uribe and Yue (2006) estimate a VAR 
model to assess the effect of the world real interest rate on emerging market fundamen-
tals and report a strong negative correlation between real interest rates and economic 
activity.

Recently, a novel approach to representing shocks has been developed by Inoue 
and Rossi (2021), who identify functional monetary shocks as shifts in the entire term 
structure of nominal yields around monetary policy announcements. They assess the 
macroeconomic impact of these functional shocks and find that differences in their 
shape between the short and the long end significantly affect the responses of out-
put and inflation. Monetary policy seems to transmit information to the economy not 
only about short-term interest rates but also about their medium- and long-term path, 
which is particularly relevant during the zero lower bound period. Their method can be 
applied to different types of shocks (both inflation expectations and ex-ante real interest 
rate shocks in the present case) and is outlined in the following section.

3 � Empirical framework

3.1 � The term structure of inflation expectations and real interest rates

Following Inoue and Rossi (2021), we represent inflation expectations shocks as shifts 
in a function. For this purpose, first a term structure has to be computed, where infla-
tion expectations are a function of short-, medium- and long-term maturities. This can 
be done using the standard term structure model by Nelson and Siegel (1987) which 
uses three factors (level, slope and curvature) to summarise the shape of the yield curve 
– the same approach can be applied to create a curve of inflation expectations with 
horizons ranging from 3 to 120 months. The standard Nelson and Siegel (1987) model 
(henceforth NS) is the following:

where yt(�) is the yield of a bond with � months to maturity, �1,t , �2,t and �3,t are the 
time-varying level, slope and curvature factors which are all latent, � is a parameter 
which characterises the factor loadings for the maturities and �t is a measurement 
error. The assumption for the inflation expectations term structure is that it has simi-
lar smoothness and persistence properties to the yield curve (Aruoba, 2020). Hence, 
one can model it as follows:

where �e
t
(�) is the �-month inflation expectation in month t for month t + � . As can 

be seen, in this context inflation expectations are functions of � . The level factor �1,t 
represents long-term inflation expectations, the slope factor �2,t captures differences 
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between long-term and short-term inflation expectations, and the curvature factor 
�3,t measures higher or lower expectations in the medium term relative to short- and 
long-term ones. The three latent factors �1,t , �2,t and �3,t are assumed to follow inde-
pendent AR(3) processes and are represented in a state-space model following the 
dynamic approach in Diebold et al. (2006). The estimation is carried out using the 
Kalman filter.2 This term structure representation is particularly useful, since one 
can construct it using survey data of inflation expectations, which are known to 
be more informative for macroeconomic indicators than other measures (Faust & 
Wright, 2013).3

The inflation expectations curve can then be used to construct an ex-ante real 
interest rate yield curve, where the ex-ante real interest rate rt is defined as the dif-
ference between the nominal yield and inflation expectations (Fisher, 1930) as in the 
following equation:

where rt(�) is the ex-ante real interest rate curve.4 In contrast to the ex-post real 
interest rate, which is defined as the difference between the nominal yield and infla-
tion, the ex-ante real interest rate is based on inflation expectations rather than actual 
inflation. The nominal yield curve yt(�) is estimated with the standard Nelson-
Siegel specification using monthly averages of nominal yields at all maturities. This 
approach captures the monetary policy stance over a wider time horizon and there-
fore provides valuable information during both conventional and unconventional 
periods (Holsten et al., 2017).

4 � Functional shocks and the functional VARX

After computing the term structures of inflation expectations and ex-ante real inter-
est rates, one can use them to estimate functional shocks, which are defined as exog-
enous shifts in the entire term structure. These are changes in the entire term struc-
ture represented by simultaneous shifts in �1,t , �2,t and �3,t . Note that the functional 
shocks obtained from the ex-ante real interest rate term structure combine both 
expectational and monetary policy shocks captured by the nominal yield curve at all 
time horizons. Thus, they are highly informative about the monetary policy stance 
and its credibility at different time horizons.

To assess the macroeconomic effects of the estimated functional shocks, we use 
the following Vector Autoregressive Model with exogenous variables (VARX):

(3)rt(�) = yt(�) − �e
t
(�)

2  Further details regarding the model can be found in Appendix A.
3  Market-based data of inflation expectations, such as, for instance, the breakeven inflation rate, are often 
found to include large and time-varying liquidity risk premia (D’Amico et al., 2018); due to the exist-
ence of the liquidity risk premium in addition to the inflation risk premium one needs to exercise caution 
when using market-based measures to represent inflation expectations (Gürkaynak et al., 2007).
4  This method of constructing the ex-ante real interest rate is outlined by Aruoba (2020), who notes that 
the computed ex-ante real interest rate includes the risk premium and states that this is entirely standard.
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where Yt is an n × 1 vector of endogenous macroeconomic variables, in our case 
inflation ( �t ), output ( gt ) and the policy rate ( it ), Xt is a m × 1 vector of exogenous 
variables which contains the functional inflation expectations and ex-ante real inter-
est rate shocks, A(L) = A1L +⋯ + ApL

p,Aj and Θ are the n × n and n × m matrices 
of coefficients, Ut are the reduced-form residuals, and � is a constant. The lag order 
is determined using the Bayesian-Schwarz information criterion (BIC). The func-
tional shocks Xt = Δ��

e

i,t
,Δ�r

i,t
, i = 1, 2, 3 are represented as the simultaneous change 

in level (�1,t) , slope (�2,t) and curvature (�3,t) of the term structure of inflation expec-
tations (�e) and of the ex-ante real interest rate (r) . The macroeconomic effects of 
the functional shocks are given by:

For identification purposes we impose a set of zero and sign restrictions which 
are common to identify inflation expectations shocks (Ascari et  al., 2023; Neri, 
2021). We identify five shocks in the model and outline the restrictions in Table 1. 
More specifically, we assume the following:

	 (i)	 Inflation, output and the policy rate are not contemporaneously affected by 
inflation expectations and ex-ante real interest rate shocks.5

	 (ii)	 A positive (negative) shock to inflation expectations has a positive (negative) 
impact on inflation.

	 (iii)	 There is no restriction on the response of output to an inflation expectations 
shock, which allows us to distinguish it from a standard supply shock.

	 (iv)	 A positive (negative) ex-ante real interest rate shock has a negative (positive) 
effect on output.

	 (v)	 Inflation and output respond positively (negatively) to a negative expansionary 
(positive contractionary) monetary policy shock.

(4)Yt = � + A(L)Yt + ΘXt + Ut

(5)
∑3

i=1
Θ

(j)

i,h
Δ�

j

i,t
, j = �e, r

Table 1   Sign restrictions in the VAR model

Notes: Sign restrictions with ( +) indicate a positive response to the shock and with ( −) a negative one

Supply shock Demand Monetary 
policy

Functional inflation 
expectations

Functional ex-
ante real interest 
rate

�t − + − +

gt + + − −

it +

5  This is partly due to the timing of inflation expectations surveys which are generally carried out 
towards the middle or end of the month and therefore are less likely to influence macroeconomic aggre-
gates within the same month.
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	 (vi)	 There is no restriction for the response of inflation to an ex-ante real interest 
rate shock, which allows us to distinguish it from a standard monetary policy 
shock.

	(vii)	 There is no sign restriction on the response of the policy rate to either inflation 
expectations or ex-ante real interest rate shocks.

The above restrictions allow us to distinguish between ex-ante real interest rate 
shocks, which contain important information about the yield curve, and standard 
monetary policy ones. We use the algorithm by Arias et  al. (2018) to select the 
appropriate model given the zero and sign restrictions. In line with Inoue and Rossi 
(2021) we use fourth-order polynomials to deal with excessive variations in the esti-
mates of the model given by (4).

5 � Nonlinear functional local projections

Next we allow for the possibility that the macroeconomic effects of functional 
inflation expectations and ex-ante real interest rate shocks might be nonlinear and 
depend on the credibility of the central bank. For this purpose, we use functional 
local projections as in Jordà (2005). His approach has some notable advantages 
over the VAR methodology since it is less likely to suffer from mis-specification 
of the data generating process (DGP) and, most importantly, it can accommodate 
more flexible specifications including nonlinear ones. More specifically, we estimate 
a Functional Local Projections model (FLP) which is state-dependent and therefore 
able to account for nonlinearities:

where all variables are defined as before, but the functional shocks Xd
t
 are now mul-

tiplied by a dummy variable dt , which indicates the state of central bank credibility 
at the time when the shock occurs. We define central bank credibility in this paper 
as a situation when inflation expectations are anchored. The literature provides sev-
eral definitions of inflation expectations anchoring. One relates to the absence of 
any significant co-movement of short- and long- term expectations, another to the 
absence of substantial forecast revisions and a third one to average inflation expecta-
tions being close to the inflation target (Carvalho et al., 2023; Grishchenko et al., 
2019; Kumar et al., 2015). On the basis of the latter, we define inflation expectations 
as anchored when they are within 100 basis points from the inflation target of 2%; 
if they fall in a range outside these bands, they are considered to be unanchored. In 
particular, we consider average inflation expectations across all maturity horizons; 
anchored periods are then those during which these average inflation expectations 
were within the target range (Kumar et al., 2015). The dummy variable dt takes the 
value of 0 if inflation expectations are in a 100 basis point range above or below 
the inflation target, and a state of low credibility, where inflation expectations are 

(6)Yt+h = �h,t + Ah,t(L)Yt−1 + Θ
(j)

i,h,t
Xd
t
+ eh,t+h
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outside these bands and dt takes the value of 1.6 For example, if the inflation target 
is 2%, then inflation expectations which are below 1% or above 3% indicate a de-
anchoring of expectations and therefore a state of low central bank credibility. The 
coefficients Θ(j)

i,h,t
 , now time-varying and state-dependent, are the responses of the 

endogenous variables at time (t + h) to a functional shock Δ� j
i,t
, i = 1, 2, 3;j = �e, r 

originating at time t where h = 1, 2,…H is the horizon of the response in months. 
We set the maximum response horizon H = 12.

6 � Data and empirical results

6.1 � Data description

We use monthly data for the US, the UK and the euro area (EA); the choice of 
countries is determined by the availability of inflation expectations survey data at 
monthly frequency. The sample starts in January 1998 and ends in May 2023. For 
the US, we obtain the term structure data for inflation expectations and the ex-ante 
real interest rate from the Aruoba Term Structure of Inflation Expectations (ATSIX) 
dataset available from the Federal Reserve Bank of Philadelphia website.7 For the 
other countries in our sample, we follow the approach by Aruoba (2020) outlined 
in Sect. 3.1 to estimate the term structures. For the UK, we obtain quarterly survey 
data from the Bank of England inflation attitudes survey from November 1999 until 
May 2023 for the 12-, 24- and 60-month forecast horizons. Monthly inflation expec-
tations data are obtained from the HM Treasury database of average forecasts for the 
UK economy from January 2004 to May 2023 and from the Bank of England market 
participants survey from February 2022 to May 2023. The forecast horizons for the 
former are 1 to 22 months and for the latter 1, 3, 6, 9, 12, 24, 36 and 60 months. We 
also obtain quarterly UK inflation forecast data from the OECD from January 1991 
until May 2023 for the 12-month horizon. For the euro area, we obtain the quarterly 
HICP inflation forecasts from January 1999 until May 2023 for the 12-, 24-, 36- and 
60-month forecast horizons and quarterly expectations data from the survey of pro-
fessional forecasters from December 1998 to May 2023 for horizons of 3, 12, 24 and 
60 months. Monthly data for the 12- and 36-month horizon are obtained from the 
consumer expectations survey from April 2020 to May 2023. In all cases the source 
is the European Central Bank. Both monthly and quarterly data from January 2004 
to May 2023 are obtained from the European Commission business and consumer 
survey dataset. Similarly to the case of the UK, we also obtain inflation forecast data 

6  Alternatively, we could have defined the states in a way that differentiates between conventional and 
unconventional monetary policy periods, in which case d

t
 would take the value of 0 during conventional 

times, i.e. when i
t
> 0.25 , and the value of 1 during the zero lower bound period, when i

t
≤ 0.25 . How-

ever, since the overall state of central bank credibility is known to affect the transmission of shocks to 
inflation (Anderl and Caporale, 2023), it seems appropriate to base state-dependence on credibility in the 
context of expectations shocks. Incidentally, the high credibility regimes seem to largely coincide with 
conventional monetary policy times.
7  https://​www.​phila​delph​iafed.​org/​surve​ys-​and-​data/​real-​time-​data-​resea​rch/​atsix

https://www.philadelphiafed.org/surveys-and-data/real-time-data-research/atsix
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from the OECD from January 1996 until May 2023 for the 12-month horizon for the 
euro area. The nominal yield data for both the UK and the euro area are obtained 
from Bloomberg for all horizons. Appendix B provides additional details of the data 
sources. The inflation expectations surveys used to compute the inflation expecta-
tions term structure are all consumer-facing and survey the opinion of households, 
firms and professionals about future developments in consumer price inflation. The 
wording of the questions concerns the expectation related to a forecast horizon h the 
h-month ahead expectation of inflation. For instance, the 12-month ahead inflation 
expectation surveyed in February 2010 is the expected consumer price inflation rate 
for February 2011, while the 24-month ahead inflation expectation for February 2010 
is the expected inflation rate for February 2012 and so on. The Consumer Price Index 
(CPI) data are obtained from the Organisation for Economic Co-operation and Devel-
opment (OECD) database for all countries; inflation is then calculated as the annual 
growth rate. The output series are real normalised GDP obtained from the OECD 
Monthly Economic Indicators directorate; their annual percentage change is then 
computed. The central bank policy rates are taken from the Bank for International 
Settlements (BIS) Statistics database.

Figure 1 displays inflation expectations (Panel A) and ex-ante real interest rates 
(Panel B) for all countries over the period from January 1998 to May 2023 for dif-
ferent maturities ranging from 3 months to 10 years. One can observe large swings 
in the former after the global financial crisis (GFC) of 2007–8 and the recent move 
away from the zero lower bound, especially at short maturities. Further, inflation 
expectations turned negative in the EU during several periods, for instance after the 
GFC and between 2013 and 2020. Large differences between maturities (and during 
the zero lower bound period) are also noticeable in the case of ex-ante real interest 
rates. For this reason functional shocks are estimated next as previously explained.

7 � Functional shocks

In the following we present some representative examples of functional shocks. In 
all figures, the solid blue (red) line represents the term structure before (after) the 
shock. Figure 2 shows functional shocks to inflation expectations (Panel A) and ex-
ante real interest rates respectively during periods characterised by high central bank 
credibility. Concerning the former, in a lot of instances one can see differences in 
terms of term structure shifts between the short and the long end. For instance, in 
the UK short-term expectations changed more in August 2006 relative to long-term 
ones, while the opposite is true of June 2021. Moreover, one can observe an inverted 
term structure during some periods. For instance, in October 2002 long-term infla-
tion expectations in the US were anchored more relative to short-term ones, while 
the opposite holds for August 2006. An inverted yield curve can also be seen at 
times in the case of ex-ante real interest rate shocks, for instance for the US in March 
2022, for the UK in November 1998 and for the euro area in September 2021.

Figure 3 displays the functional shocks during periods of low central bank credibil-
ity. Again there are noticeable differences between different maturities. For instance, 
in the case of the inflation expectations shocks in September 2021 in the US or July 
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2020 in the euro area there is hardly any shift at the long end, whilst sizeable shifts 
occur at the short one (see Panel A). By contrast, medium- and long-term expectations 
shifted significantly in February 2020 in the US and in December 2019 in the UK, 
whilst short-term expectations hardly changed. This again supports using functional 
instead of scalar shocks to provide a more comprehensive description of changes in 
inflation expectations. Similarly, in the case of the ex-ante real interest rate shocks (see 
Panel B) large shifts and even inversions occurred at the medium- to long-term, while 
there were almost no changes at the short end, especially in the euro area.

Figure  4 displays the evolution of the functional shocks over time. Large 
swings can be observed during key periods, including those corresponding to 
the GFC and the move away from the zero lower bound. It is apparent that the 

Fig. 1   Inflation expectations and ex-ante real interest rates over time. Notes Inflation expectations and ex-
ante real interest rates for different maturities over time.
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contribution of each term structure parameter to the overall functional shock 
changes over time. In most instances functional shocks are driven by slope 
changes ( Δ�2t ) and curvature changes ( Δ�3t ). The magnitude of both Δ�2t and 
Δ�3t became significantly larger over time. The level shocks ( Δ�1t ) seem to be 
largely constant over time.

Fig. 2   Functional shocks in high credibility times. Notes: Representative examples of functional shocks. 
The solid blue (red) line indicates the term structure before (after) the shock
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8 � The macroeconomic effects of functional shocks

To assess the macroeconomic effects of the functional shocks to inflation expecta-
tions and ex-ante real interest rates, we estimate a Functional VARX model where 
these shocks are entered as exogenous variables. These results are presented in 
Table 2, which suggest that inflation, output and the interest rate are strongly driven 
by their past lags.

Fig. 3   Functional shocks in low credibility times. Notes: Representative examples of functional shocks. 
The solid blue (red) line indicates the term structure before (after) the shock
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Figures 5 and 6 display the responses of inflation, output and the policy rate to 
inflation expectations and real interest rate shocks for the US. Figure 5 shows the 
results when the US economy is in a state characterised by anchored inflation expec-
tations and high central bank credibility. It is noteworthy that inflation responds 
more strongly to inflation expectations shocks (Panel A), while ex-ante real interest 
rate shocks have a stronger impact on output (Panel B). It seems that a shock which 
increases inflation expectations across all maturities (represented by an upward shift 

Fig. 4   Functional shocks over time. Notes: The components of the functional shocks over time
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of the inflation expectations term structure) has a positive effect on inflation, while 
a downward shift in inflation expectations affects inflation negatively, which is con-
sistent with theory. An increase in the ex-ante real interest rate is expected to have 
a negative effect on output, but this happens only in some instances. A negative ex-
ante real interest rate shock of similar size is also found to have different effects on 
output. In August 2006, for instance, the positive response of output occurs only 
with a substantial lag after being negative on impact. By contrast, in December 
2007, the response is positive on impact. Further, it is much larger in cases where 
the term structure does not shift equally at the short and the long end, or there is 
even an inverted yield curve.

Figure  6 plots the responses to inflation expectations (Panel A) and ex-ante real 
interest rate (Panel B) shocks for selected dates when central bank credibility in the US 
was low. In some cases inflation increases in response to a shock which decreases infla-
tion expectations, and the output response to positive ex-ante real interest rate shocks 
is positive, in both cases in contrast to theory. As Inoue and Rossi (2021) point out, 
identical monetary policy shocks in different time periods can have different effects 
depending on how short-term and long-term expectations behave. Ex-ante real inter-
est rates, which contain important information about both inflation expectations and 
nominal yields at different maturities, seem to play an important role in the monetary 
policy transmission mechanism, especially through changes in the long end of the term 
structure, which the standard policy rate does not capture. Functional shocks also con-
tain information about the long-term outlook regarding monetary policy and economic 
conditions in general, which can help to explain the sign of the output response.

The results for the UK during periods of high central bank credibility are shown in 
Fig. 7. In this case, the inflation response to inflation expectations shocks is very small. 
Instead, the output response to an ex-ante real interest rate shock is large and, unlike 
in the US, it has the expected sign. Figure 8 displays the corresponding results for low 
credibility times. The responses of inflation and output to inflation expectations and 

Table 2   VARX model results

Notes: Results from the VARX model. Standard errors in parentheses

US UK EA

�t gt it �t gt it �t gt it

�t−1 0.951 0.016  − 0.002 0.990 0.004 0.011 0.983 0.032  − 0.031
(0.017) (0.001) (0.006) (0.050) (0.071) (0.002) (0.081) (0.028) (0.002)

gt−1  − 0.020 0.918  − 0.025  − 0.082 0.882  − 0.002  − 0.005 0.870 0.036
(0.001) (0.029) (0.049) (0.007) (0.014) (0.013) (0.028) (0.096) (0.016)

it−1 0.021 0.008 0.982 0.020 0.010 0.993 0.038  − 0.002 0.993
(0.007) (0.049) (0.049) (0.000) (0.001) (0.028) (0.002) (0.016) (0.015)

��
e

t−1
0.004 0.001 0.001 0.024  − 0.004 0.005 0.002  − 0.002 0.003

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
�r
t−1

0.026 0.008  − 0.030  − 0.053 0.031  − 0.006  − 0.026 0.007  − 0.014
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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Fig. 5   US IRFs in high credibility times. Notes: Responses of output, inflation and the policy rate to 
inflation expectations and ex-ante real interest rate shocks during representative high credibility times. 
The solid orange line indicates the median response while the shaded orange area represents the 64% 
confidence band. The solid blue (red) line indicates the term structure before (after) the shock
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Fig. 6   US IRFs in low credibility times. Notes: Responses of output, inflation and the policy rate to infla-
tion expectations and ex-ante real interest rate shocks during representative low credibility times. The 
solid orange line indicates the median response while the shaded orange area represents the 64% confi-
dence band. The solid blue (red) line indicates the term structure before (after) the shock
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Fig. 7   UK IRFs in high credibility times. Notes: Responses of output, inflation and the policy rate to 
inflation expectations and ex-ante real interest rate shocks during representative high credibility times. 
The solid orange line indicates the median response while the shaded orange area represents the 64% 
confidence band. The solid blue (red) line indicates the term structure before (after) the shock
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Fig. 8   UK IRFs in low credibility times. Notes: Responses of output, inflation and the policy rate to 
inflation expectations and ex-ante real interest rate shocks during representative low credibility times. 
The solid orange line indicates the median response while the shaded orange area represents the 64% 
confidence band. The solid blue (red) line indicates the term structure before (after) the shock
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Fig. 9   Euro area IRFs in high credibility times. Notes: Responses of output, inflation and the policy rate 
to inflation expectations and ex-ante real interest rate shocks during representative high credibility times. 
The solid orange line indicates the median response while the shaded orange area represents the 64% 
confidence band. The solid blue (red) line indicates the term structure before (after) the shock
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Fig. 10   Euro area IRFs in low credibility times. Notes: Responses of output, inflation and the policy rate 
to inflation expectations and ex-ante real interest rate shocks during representative low credibility times. 
The solid orange line indicates the median response while the shaded orange area represents the 64% 
confidence band. The solid blue (red) line indicates the term structure before (after) the shock
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ex-ante real interest rate shocks now have the expected signs. Figures 9 and 10 report 
the results for the euro area during high and low credibility times, respectively. Sur-
prisingly, inflation responds negatively (positively) to shocks which increase (decrease) 
inflation expectations when credibility is high (but not when it is low). The output 
response to ex-ante real interest rate shocks is also the opposite to what one would 
expect, regardless of the degree of central bank credibility.

9 � Nonlinear functional shocks

Given the observed differences between high and low central bank credibility peri-
ods, next we estimate a nonlinear threshold FLP model to capture regime depend-
ence. To determine the state of central bank credibility, we use the average inflation 
expectations series for all horizons to inform the dummy variable; these are plotted 
in Fig. 11. As can be seen, the state of credibility changes quite frequently over the 

Fig. 11   Average inflation expectations. Notes: Average inflation expectations used to inform the state 
dummy variable
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sample period, making the use of the dummy variable relevant in the subsequent 
nonlinear analysis.

Figures 12,13,14 show the impulse responses to inflation expectations (Panel A) 
and ex-ante real interest shocks respectively for selected dates in the high credibility 
state (state 0, left-hand side) and the low credibility one (state 1, right-hand side) for 
the US, the UK and euro area in turn.

In general, inflation, output and the policy rate increase in response to downward 
shifts in the inflation expectations term structure (Panel A). In cases where there are 
bigger increases at the short end relative to the long end of the term structure, infla-
tion and output move in the same direction, while if more sizeable decreases occur at 
the long end decreases compared to the short one, inflation and output tend to move 
in opposite directions. This suggests that shocks resulting mainly from changes in 
long-term expectations resemble more closely the dynamics of supply shocks, while 
those which predominantly reflect changes in short-term expectations have simi-
lar effects to demand shocks. This holds true especially in state 1, i.e. when central 
bank credibility is low. Changes in the ex-ante real interest rate term structure which 
have different effects for different maturities generate larger responses in inflation 
and output (Panel B). In cases characterised by a decrease (increase) at the short end 
and an increase (decrease) at the long end, inflation, output and the policy rate tend 
to fall (rise). This indicates that a steepening (inversion) of the term structure has a 

Fig. 12   US IRFs in the Time-varying FLP framework. Notes: Impulse response functions of output, 
inflation and the policy rate in the low and high credibility regimes
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deflationary (inflationary) and recessionary (expansionary) effect on the economy. 
This is especially the case in state 0, i.e. when central bank credibility is high.

In Fig.  15 we consider additional dates during the low and high credibility 
regimes when shocks occurred in the US. These dates relate to various periods of 
instability, most of which had implications for oil prices, such as the start of the Iraq 
war (March 2003) and the Lybian uprising (April 2011), or more general economic 
consequences, such as the start of the first lockdown during the Covid-19 pandemic 
(April 2020). They are used to establish whether the patterns identified before 
hold more generally over the sample period. In short, the responses to both infla-
tion expectations and ex-ante real interest rate shocks display similar characteristics 
to before. The conclusion that the effects of inflation expectations shocks resemble 
those of supply (demand) shocks when they are driven by the long (short) end of 
the term structure still holds. Likewise, the effects of a shock originating from an 
inverted (steepening) ex-ante real interest rate term structure are inflationary (defla-
tionary) and expansionary (recessionary) also in the case of these additional dates.

Figures 16–18 display inflation expectations (Panel A) and ex-ante real interest 
rates (Panel B) shock decompositions for the US, the UK and the euro area respec-
tively in the low and high credibility regimes; these enable us to assess the contribu-
tion of level, slope and curvature factors to the shocks and the responses of macro-
economic variables. In the case of the US (Fig. 16), in state 0 (the high credibility 

Fig. 13   UK IRFs in the time-varying FLP framework. Notes: Impulse response functions of output, infla-
tion and the policy rate in the low and high credibility regimes
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regime) the response of inflation (Panel A) is explained by all three factors, while 
in state 1 (the low credibility regime) changes in the level ( Δ�1t ) seem to be less 
important and the inflation response is primarily driven by changes in the slope and 
curvature. For output, the response is mainly explained by the curvature ( Δ�3t ) in 
state 0 and by the slope ( Δ�2t ) in state 1. Similar remarks can be made for the policy 
rate response. As for the ex-ante real interest rate shocks (Panel B), the inflation 
response is driven primarily by Δ�1t in state 0 while in state 1 Δ�2t and Δ�3t play a 
more important role. Output seems to be mainly explained by Δ�1t in both states, 
while all three factors are equally important for the policy rate response in either 
state.

In the UK (Fig. 17) the curvature factor Δ�3t is the most important for explaining 
the inflation response to an inflation expectations shock in either credibility regime. 
Instead, output responds most strongly to changes in the slope Δ�2t , while the policy 
rate is explained by all three factors in both regimes. The inflation response to ex-
ante real interest rate shocks is accounted for primarily by the slope in both regimes, 
and so is the output response in state 0. By contrast, in state 1 it is better explained 
by Δ�3t . The policy rate response is driven by the slope and curvature factors in both 
regimes, whereas the level factor seems to be largely unimportant. On the whole, 
the differences between the low and the high credibility regime are less pronounced 
in the UK. Finally, in the euro area (Fig. 18) the slope factor seems to be the least 

Fig. 14   Euro area IRFs in the time-varying FLP framework. Notes: Impulse response functions of output, 
inflation and the policy rate in the low and high credibility regimes
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important for explaining the inflation, output and policy rate responses to inflation 
expectations shocks in state 0, while in state 1 the importance of each factor depends 
on the date of the shock. The responses of inflation, output and the policy rate to ex-
ante real interest rate shocks are explained by all three factors in both regimes.

To sum up, it seems that in most cases, the slope and curvature factors play a 
more significant role than the level factor in driving the macroeconomic responses 
to inflation expectations and ex-ante real interest rate shocks. The slope factor is 
the difference between short- and long-term expectations, which contains important 
information about the shape of the term structure and the anticipated path of de-
anchoring, whilst the level factor captures long-term expectations only. The curva-
ture factor represents the medium-term expectations which change the slope from 
positive to negative or vice versa at medium maturities. Therefore it appears that 
macroeconomic indicators respond mostly to the term structure elements of inflation 
expectations and ex-ante real interest rate shocks which would not have been cap-
tured using scalar shocks to short-term or long-term expectations only. This shows 
the importance of using functional shocks to assess accurately the macroeconomic 
impact of inflation expectations and ex-ante real interest rate shocks.

Fig. 15   Additional US IRFs in the Time-varying FLP framework. Notes: Impulse response functions of 
output, inflation and the policy rate in the low and high credibility regimes
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10 � Conclusions

This paper investigates the macroeconomic effects of inflation expectations and ex-
ante real interest rate shocks in the US, the UK and the Euro area from January 1998 
to May 2023. These are estimated as functional shocks, namely as shifts in the entire 
functions corresponding to the term structures of inflation expectations and ex-ante 
real interest rates as in Inoue and Rossi (2021). Impulse responses and nonlinear 
functional local projections are then obtained from a linear functional VARX model 
in order to assess the macroeconomic impact of the functional shocks.

The main findings can be summarised as follows. First, in most instances, there 
are significant differences between inflation expectations and ex-ante real interest 
rate shocks at the short and long end of the term structure, which can only be cap-
tured by estimating functional shocks rather than scalar ones. Second, the VARX 

Fig. 16   US decomposition of FLP IRFs. Notes: Plots of the decomposition of the responses related to 
shocks associated with level, curvature and slope of the term structure
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analysis reveals that inflation (output) responds strongly to inflation expectations 
(ex-ante real interest rate) shocks. Further, ex-ante real interest rate shocks are par-
ticularly important for monetary policy transmission at the long end of the term 
structure. Third, the nonlinear analysis shows that inflation expectations shocks 
which are mainly driven by long-term changes have similar economic effects as 
supply shocks, while those which are driven by short term changes have a similar 
impact to demand shocks. Moreover, ex-ante real interest rate shocks are found to 
be inflationary and expansionary in the presence of an inverted term structure, but 
deflationary and recessionary when this steepens. Fourth, the results of the decom-
position of the macroeconomic responses to shocks indicate that the slope and cur-
vature factors, which represent the medium-term and the distance between the short- 
and the long-term, are more important for explaining macroeconomic responses 

Fig. 17   UK decomposition of FLP IRFs. Notes: Plots of the decomposition of the responses related to 
shocks associated with level, curvature and slope of the term structure
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than the slope factor which represents long-term expectations. Again, functional 
shocks provide important information which would be missed by traditional scalar 
shocks. Finally, the estimated macroeconomic effects of shocks are more consistent 
with theory when central bank credibility is low.

Our analysis provides useful information to monetary authorities. In particular, 
estimating the term structure of inflation expectations and of ex-ante real interest 
rates and monitoring their changes over time gives central banks useful insights into 
their short-, medium- and long-term behaviour and the inflation outlook. In addition, 
the findings on the transmission of inflation expectations and ex-ante real interest 
rate shocks to the economy can be used to design appropriate policies to anchor 
inflation expectations across all maturities of the term structure.

Fig. 18   Euro area decomposition of FLP IRFs. Notes: Plots of the decomposition of the responses related 
to shocks associated with level, curvature and slope of the term structure
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Appendix A

The state-space representation used to estimate the term structure parameters fol-
lows the work of Aruoba (2020) and adapts the dynamic model developed by Die-
bold et al. (2006). The aim is to obtain an accurate estimate of the term structure 
with maturities ranging from 3 to 120 months from quarterly and monthly surveys. 
Owing to the features of the survey data some clarification on the notation and the 
usage of continuous compounding to represent different expectation maturities is 
provided in this Appendix. This is necessary since the way in which inflation expec-
tations surveys are conducted does not consistently map to �-month ahead forecast-
ing horizons. Aruoba (2020) shows how to map each individual survey question to 
the correct �-month ahead forecast horizon. We follow this procedure as explained 
below.

When converting the forecasts from different sources with monthly and quarterly 
release frequencies into a consistent monthly representation we denote by �e

t
(�) a 

general inflation forecast made at time t for � months in the future is represented as 
�e
t→t+�

 . For instance, a three-month forecast made between month t and month t + 3 
is denoted by �e

t→t+3
 , whereas the three-month forecast made between month t + 3 

and month t + 6 is denoted by �e
t+3→t+6

 . Using this notation, the inflation expecta-
tions measures can be written into the factor model as follows:

where �e
t+�1→t+�2

 is the period t + �2 forecast of inflation made in period t + �1 , where 
the forecast horizon is �2 − �1 . The properties of the notations used are quite attrac-
tive, since it relies on continuous compounding, which means that the inflation 
expectation between two periods is equal to the average monthly expectation 
between them. It then follows from (A1) that the estimation of �e

t+�1→t+�2
 for any 

(�1, �2) only requires knowledge of the values of Lt , St , Ct and � . Each question in 
any inflation expectations survey can be converted into a set of factor loadings using 
the general convention introduced above to yield measurement equations of the fol-
lowing general form:

where xi
t
 is the generic observable, ( f i

L
, f i
S
, f i
C
) are the factor loadings and �i

t
 is the 

measurement error. The mapping of different survey questions with different forecast 
horizons into measurement equations is outlined in detail in Aruoba (2020). Follow-
ing this approach, we combine multiple measurement equations, each representing a 
different survey question in any one survey, into a state space system, which means 
that some observations are sparse owing to the quarterly frequency of some surveys, 
while for others multiple variables are used to inform a forecast value. The Kalman 
filter is able to deal with this structure via prediction-error decomposition.

�e
t+�1→t+�2

= Lt +
e−��1−e−��2

�(�2−�1)

(
Ct − St

)
+

�1e
−��1−�2e

−��2

�2−�1
Ct(A1)

xi
t
=
�
f i
L
f i
S
f i
C

�⎛⎜⎜⎝

Lt
St
Ct

⎞
⎟⎟⎠
+ �i

t
(A2)
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Appendix B

See Appendix Table 3.
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