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Abstract: What drives the recent inflation surge? To answer this question, one
must decompose inflation fluctuations into the contribution of structural shocks. We
document how whimsical such a historical shock decomposition can be in standard
vector autoregressive (VAR) models. We show that the deterministic component of
the VAR tends to be imprecisely estimated, making the shock contributions poorly
identified under general conditions. Our preferred approach to solve this problem—
the single-unit-root prior—can massively shrink the uncertainty around the estimated
deterministic component. Once this uncertainty is taken care of, demand shocks
unambiguously appear as the main drivers of the inflation surge in the United States,
the euro Area, and in four small open economies.
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1 INTRODUCTION

MOTIVATION After a long period of low and stable inflation, the outlook has suddenly
changed in the aftermath of the COVID pandemic and most countries have seen inflation
rates reaching unprecedented levels since the late 1970s. In the US, the GDP deflator
started rising at the end of 2020 and peaked at 7.7 percent in 2022:Q2. In the euro area,
inflation was in negative territory at the end of 2020 before rising sharply in 2021 and
2022, and peaking around 10 percent on an annual basis. In some European countries the
annual inflation rate exceeded 15 percent in 2022. Initially, supply disruptions associated
with the pandemic-induced sectoral reallocation of economic activity were thought to
cause the rise in inflation. However, the emergence of a historically tight labor market
(as measured, e.g., by the vacancy-to-unemployment rate) and the fast recovery in the
employment-to-population ratio, as the result of the massive monetary and fiscal stimulus
implemented in many countries, shifted attention towards demand factors. Needless to
say, disentangling demand and supply factors is crucial since a proper policy response
may be highly dependent on the nature of the impulses driving the inflation surge.

A natural way to separate demand and supply shocks is to rely on flexible time-series
models such as Vector Autoregressions (VAR). These models are routinely employed for
understanding key features of the data and for evaluating the state of the macroeconomic
environment, both retrospectively and prospectively (see Crump et al. (2021), Del Ne-
gro and Schorfheide (2011), Carriero et al. (2015), Chan (2022) and Koop and Korobilis
(2013), among others). Importantly, VAR models decompose observable data into a de-
terministic and a stochastic component. The deterministic component is regulated by the
VAR model’s parameters and by the initial values of the system. The stochastic compo-
nent, in contrast, depends on the discounted sum of innovations to the system. Equipped
with some identification restrictions, one can map these (reduced-form) innovations into
various structural shocks, with the most fundamental partition being between shocks to
demand and supply, respectively. The resulting structural VAR (SVAR) model allows
us to decompose observed changes in macroeconomic data over time, into underlying,
economic drivers. In particular, such a historical shock decomposition can effectively
quantify the relative importance of demand and supply factors during the recent inflation
surge.

CONTRIBUTION This paper highlights an important pitfall when computing historical
shock decompositions. As a motivating example, suppose that a researcher wishes to
quantify the role of demand and supply factors for inflation during the post-COVID pe-
riod. She can estimate her preferred SVAR model, and then split observed inflation into
its deterministic and stochastic components. Our key contribution is to show that there is
considerable uncertainty in such an exercise. In particular, we establish that conditional
likelihood-based estimation procedures, which fit the model to the covariance structure
of the data, deliver very dispersed estimates of the deterministic component: even small
perturbations of the estimated parameters of the VAR may result in large changes in the
deterministic component, despite having only a minimal impact on the likelihood itself.
Put differently, the deterministic component of the model is poorly identified and poorly
estimated. Furthermore, because the deterministic and stochastic components sum to data,
a poorly estimated deterministic component can translate into very imprecise estimates of



the shock decomposition, resulting in whimsical narratives about economic history. To
the best of our knowledge, the “excess” dispersion just described has largely been ig-
nored in the literature, which typically conditions on a point estimate of the deterministic
component when historical shock decompositions are computed.

In contrast, most empirical applications of SVAR models report the uncertainty asso-
ciated with estimated impulse response functions (IRFs). It is nevertheless common to
pay attention to a measure of central tendency for the IRFs. For example, Fry and Pagan
(2011) select the draw that is closest to the point-wise median IRF, while Inoue and Kilian
(2013) choose the most likely admissible draw within the set satisfying the imposed re-
strictions. We show that draws exhibiting “good” impulse responses—meaning responses
close to the point-wise median or to the most likely draw—may feature extreme deter-
ministic components and thus provide unreasonable historical decompositions. In other
words, there is no guarantee that “good” impulse responses are associated with “good”
historical shock decompositions.

We explain how excess volatility in deterministic component relates to the issue of
overfitting discussed by, e.g., Sims (1996), Sims (2000) and Giannone et al. (2019). The
two problems are related, yet distinct. In particular, the problem of imprecise shock de-
compositions is pervasive even when overfitting is not an issue and it appears in SVARs
with different number of variables, estimated with samples of different size, and identified
with different types of restrictions. The issue appears in a largely homogeneous sample,
such as our baseline (1983-2022) sample for the United States and it is exacerbated if we
use a longer sample (1949-2022), which is subject to time series instabilities. In fact, the
excess dispersion in shock decompositions that we highlight arises during estimation of
the reduced-form parameters and is therefore independent, e.g., from the identification
scheme used to transform reduced-form residuals into structural shocks, as well as the
approach (frequentist or Bayesian) used for inference.

After explaining why an estimated shock decomposition can be imprecise, using a
VAR with US data as illustrative examples, we turn our attention to potential solutions.
Our preferred approach considers a specific prior distribution, the single-unit-root prior,
also known as the “dummy initial observations prior”, introduced by Sims (1993). Such
a prior effectively shrinks the dispersion of the deterministic components, and allows the
econometrician to center it around some reasonable value, e.g. the unconditional mean of
the data. The tightness of the prior can be calibrated, if one wishes to do so. We treat it
instead as a hyperparameter and estimate its posterior distribution, using the approach of
Giannone et al. (2015). The modal value we obtain is rather small, implying tight prior
restrictions. As a result, a SVAR estimated with the single-unit-root prior features almost
no uncertainty around the deterministic component. Hence, draws featuring similar im-
pulse response functions will also feature similar historical decompositions. While the
use of the single unit root prior in empirical applications is not new, see e.g. Antolin-Diaz
etal. (2021) and Giannone et al. (2019), its ability to shrink the uncertainty around the es-
timated deterministic component, therefore improving historical decomposition inference
has not been discussed in the literature. Notably, alternative prior assumptions often used
in empirical work to reduce parameter uncertainty (e.g., a Normal-Inverse Wishart prior
or a Minnesota-like prior) are unable to solve the problem we are concerned with.



RESULTS We estimate a conventional two-variable SVAR with sign restrictions to quan-
tify the drivers of the recent inflation surge. When a diffuse prior is employed, there is
substantial uncertainty around estimates of the deterministic component of inflation. In
addition, the three draws which are closest to the point-wise median deliver totally differ-
ent historical decompositions despite exhibiting almost identical impulse responses: one
draw implies a prevalent role for supply shocks, one a prevalent role to demand shocks
and one a balanced role for both shocks. When the single-unit-root prior is employed
instead, draws leading to similar impulse responses are also associated with similar his-
torical decompositions of inflation. Demand shocks are prevalent over the sample and,
in particular, over the last few years: in the US they account for more than 50 percent
of inflation fluctuations in 2021 and almost 80 percent in 2022. We also provide some
international evidence by estimating a SVAR with a single-unit-root prior and the same
identification restrictions using data for the euro area and four small open economies
(Norway, Sweden, Canada and Australia). Broadly speaking, the dominant role of de-
mand factors in the post-COVID recovery is confirmed. For example, demand shocks
account for more than 50 percent of inflation fluctuations in 2022 in the euro area. How-
ever, while supply shocks are almost irrelevant in the US since mid 2022, they still matter
in the euro area until the mid-2023 as the region is substantially more exposed than the
US to the Ukraine war, an important supply shock. In the other countries, the outcomes
are surprisingly similar to the US: supply shocks drive inflation in 2020 but already in
2021 demand forces become prevalent, and almost dominant in some cases.

For researchers who are reluctant to use a prior for inferential purposes, we offer two
alternative pragmatic solutions make historical decompositions more robust. The first is
demeaning the data prior to estimation. Such an approach in part addresses the prob-
lem since poor estimates of the VAR constant contribute to making the excess volatility
problem important. The second alternative is to construct the distribution of the historical
decomposition using draws from the (asymptotic) distribution of the parameters and tak-
ing the pointwise median contribution of each shock, as in Bergholt et al. (2023). Such
an approach does not reduce the excess volatility of the deterministic component but, at
least, takes it into account when computing a summary historical decomposition measure.

RELATED LITERATURE Our work contributes to three separate strands of the literature.
First, we complement existing work warning about the mechanical use of SVARs for
inference and for stylized fact collection, see e.g. Canova and Ferroni (2022) for a recent
contribution. We point out that a careful evaluation of the uncertainty surrounding the
deterministic component is crucial to compute credible historical decompositions.
Second, while other papers have studied the behavior of the deterministic component
of the data and their pathologies (see e.g. Sims (1996) and Sims (2000)), we believe that
our point is novel. One problem discussed in the literature is that the deterministic com-
ponent tends to explain an implausibly large share of the low frequency variation of the
data (the so-called overfitting problem), yielding inaccurate out-of-sample forecasts. Gi-
annone et al. (2019) discuss the issue in detail and propose a prior specification (the prior
for the long run), based on long-run theoretical predictions of macroeconomic models,
that addresses the problem. In that context, the deterministic component is a measure of
central tendency across all draws and its uncertainty is ignored. We highlight that the ex-
cess volatility problem, that makes inference about historical decompositions whimsical,



is related but separate from the overfitting problem. This means that solving the overfit-
ting problem does not ensure a solution to the excess volatility problem, as the latter may
appear even when the former is not an issue.

We also contribute to the recent debate on the drivers of the inflation boom. Bernanke
and Blanchard (2024) find that most of the inflation surge resulted from shocks to prices
given wages in a simple dynamic model. Beaudry et al. (2024) stress the role of broad-
based supply shocks in combination with deviations from rational expectations. Shapiro
(2022) provides a decomposition of demand-driven and supply-driven inflation based on
sectoral data. Eickmeier and Hofmann (2022) estimate a factor model using a large num-
ber of inflation and real activity series and find that the recent inflation dynamics in the
US are driven mainly by demand and, to a lesser extent, also by supply factors. Ascari
et al. (2023) estimate a Bayesian SVAR on euro area data and find a crucial role for de-
mand factors since the fall 2020. Rubbo (2023) disentangles cross-sectional demand and
supply disruptions from aggregate stimulus policies and finds that three quarters of the in-
crease in CPI since 2021 is driven by aggregate demand. Di Giovanni et al. (2023) focus
on the impact of fiscal policy on current inflation in a multi-sector model with a network
structure while Gagliardone and Gertler (2023) emphasize the role of oil shocks and ac-
commodative monetary policy in a New Keynesian model. Ball et al. (2022) find that the
very high labor market tightness in 2021-2022 can explain much of the rise in monthly
core inflation, especially during 2022. Our finding that demand factors are important is
consistent with the conclusions of most of these papers. We contribute by stressing the
importance of obtaining a robust interpretation of the historical decomposition of inflation
and provide international evidence on the phenomena.

OUTLINE The paper proceeds as follows: Section 2 illustrates the problem. Section 3
proposes our solution. Section 4 presents estimates of the contribution of demand and
supply disturbances for the US, for the euro area and for four other countries. Section 5
discusses the connection between excess volatility and overfitting. Section 6 illustrates
two alternative pragmatic solutions to the whimsical historical decomposition problem.
Finally, Section 7 concludes.

2  WHIMSICAL HISTORICAL DECOMPOSITIONS

This section explains why the deterministic component in an estimated VAR model may
be subject to large uncertainty, and demonstrates the implications this excess volatility has
for historical shock decompositions. We present evidence that the issue can be pervasive
when VAR models are fitted to commonly used macroeconomic data.

2.1 AN OUTLINE OF THE PROBLEM

To fix ideas, consider the reduced-form VAR model with n variables and p lags:
Y, =C+AY 1+ AY, o+ ...+ AY, +u (D

Y; is the n x 1 vector of the endogenous variables, u; ~ N(0,,X) is the n x 1 vector of
residuals, A, ..., A, are n x n coefficient matrices associated with lagged variables, and



C'is the n x 1 vector of constants. The reduced-form residuals are linear combinations of
underlying economic shocks: u; = F'e;, where F'is a matrix restricted by some structural
identification scheme. We focus on the system (1), as our problem arises in the reduced-
form model irrespective of the particular structural identification restrictions imposed.
The role played by structural identification schemes is discussed later.

We find it convenient to rewrite the system in companion form. Define the np x 1
vectors Yy = (Y3, Y1, ..., Yipi1)s up = (uy,0,...,0)", C = (C,0,...,0), and the np x
np companion matrix:

Ay Ay A
I, 0, 0,
0, I, 0,
0, 0, ... I, 0,
With this notation the VAR model is:
Yi=C+AY¢ 1+ u (2)

For the purpose of shock decompositions we express the right-hand side of (2) as the sum
of a deterministic and a stochastic component, DC'; and SC}:

Y, = DC,+ SC, (3)
Equation (3) follows from backward substitution, with DC'; and SC'; defined as:

DCy=(I+A+---+A"")C+A"Y, 4)
SCt = Atflul + 4 Aut,1 + uq (5)

The deterministic component DC'; can be interpreted as the forecast of Y made in period
0, i.e. the counterfactual path of Y in the absence of any unforecastable shock realiza-
tions during the sample period. DC'; depends on the model parameters (C, A), the initial
state vector Y, and time ¢. The stochastic component SC';, instead, is a discounted sum
of all the realized shocks between period 1 and period ¢. Since A' is decreasing in ¢ when
the VAR is stationary and ergodic, shocks in the distant past, as well as the initial state
Y, play only a negligible role for current observations as ¢ grows.

Conceptually, a historical shock decomposition requires two steps: (a) separating DC);
from SCY, as in (3), and (b) disentangling the contribution of individual, structural shocks
e; from u; = Fe;. Our focus is on the first of these two steps. In particular, we es-
tablish that conditional likelihood-based estimation procedures, which fit the VAR to the
covariance structure of the data, provide a very imprecise estimate of DC;: even small
perturbations to the parametrization of (2) may result in large changes in DC'; despite
having only a minimal impact on the likelihood itself. Given that the uncertainty in A
determines the uncertainty in the (reduced form) impulse responses, the “excess” uncer-
tainty in the deterministic components is due to the large uncertainty in C.

This is problematic for researchers who want to estimate historical shock decompo-
sitions: because the deterministic and stochastic components enter linearly in (3), the
estimation uncertainty associated with DC; must imply an equivalent estimation uncer-
tainty associated with SC}; and the inferred in-sample paths for the residuals u;. As a



consequence, two models with similar impulse response functions may produce very dif-
ferent narratives regarding the realized contribution of shocks to observed fluctuations. It
is in this sense that historical shock decompositions can become whimsical.

How pervasive is the issue in practice? A few remarks serve to highlight the gener-
ality of the problem. First, given that DC} is a reduced-form object, the problem occurs
regardless of whether the VAR model is estimated with frequentist or flat-prior Bayesian
methods. In a Bayesian context, it leads to a wide posterior distribution for the determin-
istic component. A frequentist, instead, sees it in the form of large asymptotic confidence
intervals around the point estimate of the deterministic component. In this paper, we take
a Bayesian approach and our preferred solution to whimsical shock decompositions is
inherently Bayesian in nature. The alternative solutions we propose in Section 6 are de-
signed for those who want to remain frequentist in their inferential approach. Second, the
problem is not restricted to VARs and will emerge also, for example, in other time series
specifications such dynamic factor models. Third and related, to the extent that dynamic
stochastic general equilibrium (DSGE) models involve estimated parameters that enter
the steady state, the issue may be relevant also for these models. After all, the DSGE so-
lution generally admits a time series representation consistent with equations (2)-(5), and
it is this representation that is confronted with data. Fourth, whimsical shock decomposi-
tions occur even when A'Y tends to zero, suggesting that data transformations inducing
stationarity do not remove the problem either. In fact, we show that the problem is present
even if the VAR features variables which are mildly persistent and do not display strong
low frequency movements.

2.2 AN ILLUSTRATION — A BIVARIATE VAR

To illustrate the relevance of the problem, we fit a bivariate VAR using US data on real
GDP and the GDP deflator, both measured in log first differences. This is arguably the
simplest possible setup to quantify structural drivers of inflation. Our baseline sample runs
from 1983:Q1 to 2022:Q4. We include four lags and estimate the model with Bayesian
methods. Following the literature, we employ a diffuse prior (Jeffreys, 1946) on the VAR
parameters and on the covariance matrix ..

We use standard sign restrictions to identify two structural shocks. As in Canova and
De Nicolo (2002), an aggregate demand shock is assumed to move GDP and inflation in
the same direction, while an aggregate supply shock moves the two variables in opposite
directions. These sign restrictions are imposed only on impact. Clearly, our demand
shock bundles together various demand side disturbances including monetary and fiscal
shocks (see Bianchi et al. (2023)). Similarly, the supply shock we identify is likely a
mix of innovations to productivity, commodity prices, markups, and other supply-side
factors. Kabaca and Tuzcuoglu (2023) disentangle an array of different structural shocks
in a unified framework. As our focus is on the role of the deterministic component, a
bivariate model seems sufficient.

Figure 1 reports impulse responses from the estimated structural model. We mea-
sure time in quarters on the x-axes and the estimated responses in percentage points on
the y-axes. For each horizon, the black line represents the point-wise median response
across 1000 draws from the estimated posterior. The shaded areas instead represent the
68% posterior credible set and the min-max identified responses (as in Baumeister and



Figure 1: Responses to identified aggregate demand and an aggregate supply shocks.
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Note: The black line is the point-wise median and the shaded areas the 68 percent and min-max identified
sets. The red line is the impulse response for the draw that is closest to the point-wise median; the green
and blue lines are impulse responses for 2nd and 3rd draws closest to the point-wise median, respectively.

Hamilton (2015)), respectively. The point-wise median response is compared in Figure 1
with three alternatives. As the point-wise median most likely mixes different draws across
horizons, applied researchers often prefer to analyze the impulse responses obtained with
one particular draw instead. Following Fry and Pagan (2011), a popular choice of central
tendency is the single draw, among the 1000 in our case, that is closest to the point-wise
median on average. This draw is reported as the red line in Figure 1. For future pur-
poses, we also report the impulse responses obtained from the draw second closest to the
point-wise median in green, and the third closest draw in blue.

A couple of remarks are in place. First, the output growth response is short-lived
while inflation responses are more persistent. Note that both shocks are allowed to have a
permanent effect on the level of GDP. Second, the impulse responses from the three draws
are almost indistinguishable from each other and very close to those produced with the
point-wise median. Given that impulse responses are similar, one may naturally expect
these draws to produce other summary statistics which are similar as well, such as the
historical decomposition of shocks.

In Figure 2 we gauge whether this is the case. Panel (a) plots the historical shock
decomposition of inflation over the last eight years of the sample, conditioning on each
of the three draws closest to the point-wise median impulse response. The blue bars
correspond to the contribution of the deterministic component, while the red and yellow
bars represent the contribution of supply and demand shocks, respectively. Combined, the
contributions of supply and demand sum to the stochastic component SCj;. Interestingly,



Figure 2: Historical decompositions and deterministic components of US inflation

(a) Historical decomposition of inflation for the 3 draws closest to the point-wise median response.
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the three draws closest to the point-wise median impulse response produce vastly different
narratives about the role of shocks during the post-pandemic inflation surge: the model
draw closest to the median implies that supply shocks explain more than two-thirds of the
rise in inflation; the second closest draw that demand shocks account for more than two-
thirds; while the third closest draw suggests that demand and supply account for about
50% each. These differences are striking given that the three draws imply almost identical
impulse responses. To shed light on the underlying causes, panel (b) in Figure 2 plots the
deterministic components of all 1000 draws on the left, and the 10 closest to the point-wise
median on the right. Interestingly, the posterior dispersion of deterministic components
is substantial even for the 10 draws closest to the point-wise median responses, and paths
stabilize at very different levels.

2.3 HOW PERVASIVE IS THE ROLLER COASTER?

To document the generality of the problem, we show that whimsical shock decomposi-
tions are produced in various contexts.



Figure 3: Estimated deterministic components of inflation (all posterior draws).
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2.3.1 THE ROLE OF STRUCTURAL IDENTIFICATION ASSUMPTIONS

As a first exercise, we illustrate the irrelevance of structural identification assumptions,
as the uncertainty in the deterministic component arises in the reduced-form model. To
this end, let us consider two of the most popular identification strategies: the Blanchard-
Quah decomposition, which imposes zero restrictions on the long-run cumulative sum of
VAR coefficients (Blanchard and Quah, 1989), and the Cholesky decomposition, which
imposes zero-restrictions on the impact coefficients, see (Sims, 1986). The Blanchard-
Quah decomposition in particular is commonly used to separate demand from supply

10



under the assumption that demand shocks cannot affect the level of output.!

Indeed, Blanchard-Quah, Cholesky and sign-restricted decompositions share the same
1000 draws from the reduced-form system, as shown in Figure 2 and in the first row of
Figure 3. As such, the uncertainty in the deterministic component is equally present for
all three identification schemes. Moreover, as with sign restrictions, there are notable
differences in the historical decomposition even across the three closest draws. This is
true both for Blanchard-Quah and Cholesky, see Figure A-2 in the Appendix. Irrespective
of the identification scheme, any flat-prior VAR is in principle susceptible to the problem
highlighted here.

2.3.2 THE ROLE OF REDUCED-FORM PRIORS

Given that the uncertainty we presented has to do with estimates of the VAR parameters,
one may suspect that prior restrictions routinely used to reduce parameter uncertainty also
may shrink the uncertainty in the deterministic component. For illustration, we consider
a standard conjugate Normal-Inverse Wishart prior and a Minnesota-like prior (see Doan
et al. (1984)).

In the Normal-Inverse Wishart case, the prior for the autoregressive (AR) coefficients
is normal, centered at zero with a diagonal covariance matrix of 10, while the prior for
the covariance matrix of the residuals is inverse Wishart with a unitary diagonal matrix as
scale and 3 degrees of freedom. The Minnesota-like prior is also normally distributed for
all AR coefficients and is centered around zero for all parameters, including the variables’
first own lag, as VAR variables appear in growth rates. We set the hyperparameters to
standard values, for example, the lag-decaying parameter is chosen to be 2. The only
exception is the tightness parameter, which we treat as a random variable. The diagonal
elements of the scale matrix of the inverse Wishart prior are set to the residual variance
of an AR(1) process for each variables. In both cases, we use sign restrictions to identify
the shocks.

As shown in the second row of Figure 3, the dispersion of the deterministic com-
ponents remains large (see also Figure A-3 in the Appendix for the resulting whimsical
historical decompositions). The reason for why these standard priors are unable to reduce
the uncertainty around the deterministic components is that they are designed to shrink
the uncertainty in AR coefficients and the covariance matrix of the disturbances, but leave
the prior on the constant diffuse.

2.3.3 THE ROLE OF THE SAMPLE SIZE

In our baseline estimation, we consider a relatively homogeneous sample period starting
in 1983. We re-estimate the model over the period 1949:Q1 - 2022:Q4 with diffuse priors
and identify shocks with the same sign restrictions. Estimates of the deterministic compo-
nent of inflation are presented in the third row of Figure 3 (the historical decompositions
in Figure A-4 in the Appendix).

'Note that neither the Blanchard-Quah decomposition, nor the Cholesky decomposition guarantee sensi-
ble signs of the price and quantity responses to shocks. Indeed, Figure A-1 in the Appendix shows that
Blanchard-Quah delivers co-movement of the two variables in response to a supply shock. See Furlanetto
et al. (2024) for an application that addresses this issue by combining Blanchard-Quah with sign restric-
tions.
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The dispersion of the deterministic component is substantially larger than in the base-
line model. Thus, the massive uncertainty around the deterministic component is an ad-
ditional argument for not using a long and dis-homogeneous sample when estimating a
SVAR model (see e.g. Furlanetto et al. (2024) for a detailed discussion of this point).

2.3.4 THE ROLE OF THE VAR DIMENSION

Finally, we inspect the role played by the dimensionality of the VAR system. Canova and
Ferroni (2022) have shown that small-scale VARs may be prone to deformation problems,
making it desirable to estimate models of a certain size to ensure that structural objects
such as impulse responses make economic sense. Here, we estimate a 5-variable VAR
model and study how large the dispersion of the deterministic components is in such a
medium-scale system. Importantly, since the problem is associated with the reduced-form
model, we do not impose any structural identification restrictions on the system.

The following variables are used for estimation: real GDP, the GDP deflator, real gross
private domestic investment, the Federal funds rate, and real wages. The latter is measured
as average hourly earnings of production and non-supervisory employees, deflated with
the GDP deflator. All variables except the Federal funds rate are measured in growth
rates. The sample is 1983:Q1-2022:Q4, as in our baseline setup.

The deterministic components of inflation are presented in the third row of Figure
3 (see also Figure A-5 for the deterministic components of each variable in the VAR).
Evidently, the problem of excessive dispersion in the deterministic component remains.
If anything, the problem seems exacerbated and becomes rather dramatic for variables
like inflation or the federal funds rate.

3 SOLVING THE PROBLEM

Having established how and why an estimated shock decomposition may be subject to un-
desirable uncertainty in the deterministic component, we next turn to possible solutions
to the problem. In a nutshell, we propose a way to reduce the dispersion in DC}; across
draws. To this end we exploit the single-unit-root prior, also known as the “dummy initial
observations prior”, first introduced by Sims (1993) and recently used in Antolin-Diaz
et al. (2021). We show that, when such a prior is properly set, it dramatically restricts the
posterior excess volatility in the estimated deterministic component. Given that uncer-
tainty in the stochastic component remains, our prior effectively pins down the constant
of the estimated VAR model.

3.1 PRIOR SHRINKAGE OF THE DETERMINISTIC COMPONENT
VOLATILITY
As in Sims (1993), we add an artificial observation to the beginning of the sample, where
both the current and lagged data are given by %YO and the intercept is set to %. The idea

is that, if lags of Yy are at a certain value Y, then also Y tends to be close to Yo. 6
is a non-negative hyper parameter while Y is a vector of size np x 1. The stochastic
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constraint imposed by our artificial observation on the VAR model can be written as
[I—A]Yo— C = duy, 6)

where ug = (uo, 0, ...,0)" is a vector of size np x 1 (see Miranda-Agrippino and Ricco
(2019) for details). 0 governs the tightness of this constraint. At one extreme, the con-
straint becomes uninformative when o approaches infinity. At the other, as ¢ approaches
zero, the constraint implies either (i) a system which contains at least one (common) unit
root, with C' = 0, or (ii) a stationary VAR with C' # 0.

Importantly, if ug is a random variable with zero mean and unit variance, and dis-
persion regulated by J, then the constraint in (6) restricts the unconditional mean of the
model, much in the same way as the steady state prior of Villani (2009).? In particular, the
dummy observation restricts the unconditional mean of Yy, (I — A)_lC, to be centered
at Yo when § approaches zero. To appreciate why this is useful, we manipulate equation
(4) and substitute out C, using the stochastic restriction (6) and arrive at the following
expression:

DCy = (A" (Yo — Yo+ (T—A)"0ug) +Yo— (I—A) '6uy)) (7)

As long as the system is stationary and ergodic, A*(Yo— Yo+ (I—A)~duy)) approaches
zero as the sample size grows large. Thus, equation (7) implies that the deterministic
component of the data a-priori fluctuates around Y, with 0 regulating the tightness of this
restriction. If  — 0, the deterministic component will be fixed a-priori at Yy, effectively
eliminating any posterior (or asymptotic) dispersion. Notably, this happens regardless of
A and ¥. The stochastic component will still be uncertain—different draws of A and
F will still potentially affect the estimated, historical importance of different shocks for
inflation. However, this type of estimation uncertainty is the same type of uncertainty as
that present in the impulse responses, making the two statistics consistent.

Clearly, the choice of Y is important for the dynamics and convergence properties
of DC;. Note that, because the single unit root prior restricts the unconditional mean of
the estimated VAR, it indirectly speaks to the overfitting problem as well by potentially
reducing the forecasting ability of the deterministic component for the low frequency
movements in data. Based on this observation, it seems natural to set Y to the observed
sample average, so that DC'; does not deviate too much from its long run level.

We would like to highlight two important points. First, while Karlsson (2013) sug-
gests that the single unit root prior could be used to incorporate information about the
unconditional mean by centering the restriction at the expected steady state (see footnote
8, page 814), he does not use it to solve either the overfitting problem nor the excess
volatility problem discussed in this paper. Antolin-Diaz et al. (2021) and Giannone et al.
(2019), on the other hand, discuss how the single unit root prior may get rid of the pre-
dictability problem by restricting the steady state of the endogenous variables implied by
the VAR. Still, they do not tackle the excess volatility problem we study here, nor do they
show how a single unit root prior could take care of it. Second, although we set Yj to
the sample average, in the spirit of empirical Bayes approaches, one could also restrict it

The endogenous prior suggested by Jarocinski and Marcet (2019) is not necessarily suited for our purposes,
unless the specification is complemented by a hierarchical structure which restricts the unconditional mean
in the appropriate way.
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with an informative prior based on, say, an economic model, along the lines of Del Negro
and Schorfheide (2004). In this case a hierarchical structure would be necessary, but the
computations could still be manageable.

3.2 SOME SIMULATIONS

We perform a few simulation exercises to highlight how the stochastic restriction imposed
by (6) affects the dispersion of the deterministic component. First, we compare the esti-
mation uncertainty in DC; with and without the single unit root prior. Second, we zoom
in on the role played by J. In both exercises we generate data from a bivariate VAR(1):

Y, =C+ AY 1+,

The error term consists of two independently and normally distributed shocks with unit
variance; u; ~ N(0, ). We calibrate the VAR coefficients as follows:

o 0.4 i a171 —-0.3
¢= (0.5)’ A= <0.3 0.4 >

We consider different degrees of persistence as well as different sample sizes. The role of
persistence is assessed by varying a, i, the top-left element of A. For the less persistent
processes we set a;; = 0.6; for more persistent processes we set a;; = 0.95. The
constant term C' is the same in both cases. We compare samples with 80, 150, and 500
observations respectively.

3.2.1 THE IMPLICATIONS OF THE SINGLE-UNIT-ROOT PRIOR

In the first exercise, the estimation step is done, first, with a diffuse prior, as in Section
2.2, and, second, with the single unit root prior. We report the deterministic component
for 1000 parameter draws from the estimated posteriors to measure the magnitude of the
dispersion in DC}.

The estimated deterministic components are shown in Figure 4. We limit our attention
to the first variable in the system. Panel (a) plots DC} using a diffuse prior and panel (b)
using the single-unit-root prior. Panel (a) illustrates that the more persistent is data, or the
shorter is the sample, the greater will be the dispersion in the deterministic component.
Nevertheless, the dispersion is substantial in all cases.

The intuition for this result is simple. When the process is more persistent or the
sample size is smaller, estimates of the AR coefficients are downward biased. This bias
adds to the volatility of the estimated C', making estimates of the deterministic component
“excessively” volatile.

The comparison with Figure 4b is striking: after about 20 periods, all 1000 DC; draws
converge to virtually identical values, irrespective of the data persistence or the sample
size. Because they all converge to Y, shock decompositions will be consistent across
posterior draws. The key behind this result is the discipline imposed by 9.

3.2.2 THE ROLE PLAYED BY ¢

The role played by ¢ can be assessed by comparing the deterministic component assuming
0 = 0.2, the “rule-of-thumb” value used in some existing literature (see, for example,
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Figure 4: Estimated deterministic components of Y7 ;.
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Sims and Zha (1998)), and 6 = 0.0001, which implies that the stochastic restriction (6)
holds almost exactly. In both situations, we limit our attention to the case a; ; = 0.95 and
T = 150 observations for illustration .

Results are presented in Figure 5. Clearly, the value of ¢ is crucial to shrink the dis-
persion in the estimated deterministic component: with § = 0.2 an important uncertainty
remains, with the long-run values settling at vastly different estimates. This may suggest
that the “rule-of-thumb” value of 0.2 can be highly problematic for researchers interested
in estimating shock decompositions. § = 0.0001, instead, forces all 1000 posterior draws
to share the same value after relatively few periods. As we will see, the low value of
used here is consistent with the modal value obtained using data for many countries.
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Figure 5: Estimated deterministic component of Y ,, different ¢.

(a) 6 =0.2 (b) 6 = 0.0001
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4  WHAT DRIVES THE POST-PANDEMIC INFLATION
SURGE?

In this section, we revisit the drivers of the recent inflation surge across countries. To this
end, we estimate the baseline, bivariate SVAR, restricted with the single-unit-root prior
and estimated over the baseline sample (1983:Q1-2022:Q4). We first estimate the model
on US data, and then extend the analysis to other countries.

Given the important role of ¢ for the dispersion in deterministic components in the
simulation exercises, we choose to estimate the posterior of this hyper-parameter and to
let the data determine the tightness of the stochastic constraint. We choose a Gamma
density on § with mode equal to 1.

4.1 THE POST-PANDEMIC US INFLATION SURGE

Figure 6 documents the outcomes when we estimate the SVAR model on US data, apply-
ing the single-unit-root prior. Panel (a) reports selected historical shock decompositions
of inflation, while the deterministic components are provided in panel (b).

As a first result, the modal value of § returned by the algorithm of Giannone et al.
(2015) is very low (0.0001), and its posterior dispersion is negligible (see Figure A-6).
Put differently, US data favor a posterior model where virtually all VAR parameterizations
share the same unconditional mean value.

Second, the single-unit-root prior implies that model draws featuring similar impulse
responses, will now also feature similar historical shock decompositions. As an exam-
ple, the three draws closest to the point-wise median response now produce a coherent
narrative about post-COVID inflation drivers: as shown in Figure 6, supply factors were
important in the initial phase of the inflation surge, but demand factors became the main
drivers ever since 2021. They account for 56 percent of the inflation surge in 2021 and 77
percent in 2022. On average over the post-pandemic period, demand factors explain more
than 50 percent of the movements in inflation.

This result is consistent with a number of recent papers in the literature supporting the
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Figure 6: US: SVAR estimated using the single-unit-root prior.
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prevalent, if not dominant, role of demand shocks in driving the inflation surge (cf. Eick-
meier and Hofmann (2022), Ascari et al. (2023), Di Giovanni et al. (2023), Rubbo (2023)
and Gagliardone and Gertler (2023) among others). Therefore, our distinctive contribu-
tion is not in recovering the key role of demand factors. Instead, our main message is that
applied researchers should carefully deal with the uncertainty in the deterministic com-
ponent prior to the computation of historical decompositions. The prevalence of demand
shocks emerges clearly only when this uncertainty is massively reduced.

We would like to reiterate that the single-unit-root prior does not eliminate uncer-
tainty around the estimated shock decomposition. However, the remaining uncertainty
is of the same kind that is associated with the estimation of impulse response functions.
In contrast, the uncertainty arising from the deterministic components becomes largely
irrelevant, as shown in panel (b) of Figure 6.
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4.2 INTERNATIONAL EVIDENCE

Although the recent surge in inflation has been a global phenomenon, it is far from obvious
that the role of demand and supply factors should be similar across countries. For exam-
ple, the fiscal stimulus during the COVID pandemic has been particularly pronounced in
the US. In addition, European countries have been more exposed to the economic con-
sequences of the Russian invasion of Ukraine. Given these differences, one could for
example expect a larger role for demand factors in the US than in the euro area.

Figure 7: Euro area: SVAR estimated using the single-unit-root prior.
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Therefore, it is of independent interest to estimate our SVAR model for the euro area.
Because the sample is shorter, we use data on industrial production (rather than on GDP)
and HICP inflation at a monthly frequency in the exercise. The sample period goes from
2001:M1 to 2023:M3. As with US data, the model features a large dispersion of determin-
istic components across draws (see Appendix B) when a diffuse prior is used. If anything,
the problem is exacerbated. Yet, when the model is estimated with the single-unit-root
prior, the uncertainty around the deterministic component is substantially reduced, as
shown in Figure 7. Demand and supply factors contributed more or less equally to the
recent inflation surge, with a more prevalent role for demand factors in 2022. Thus, while
supply factors played a role only until mid 2022 in the US, they explain a substantial
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Figure 8: Deterministic components of inflation in selected countries. Top 10 draws.
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share of inflation in the euro area also in the latest part of the sample. This outcome is
far from surprising, as the US are largely insulated from the consequences of the Ukraine
war. Nonetheless, demand factors are prevalent also in the euro area, at least since the
second quarter of 2022.

To provide further evidence on the inflation surge, we estimate the same SVAR model
using data for four small open economies: Norway, Sweden, Canada and Australia. In
this case, we use quarterly data on real GDP growth and year-on-year CPI inflation over
the period 1993:Q1-2023:Q2 for all countries. The single unit-root-prior shrinks the un-
certainty around the deterministic component in all cases, as illustrated in Figure 8. As
shown in Figure 9, the role of demand factors is prevalent, if not dominant, during the
recent period in all countries. All in all, despite the large heterogeneity in the policy
responses to the COVID 19 pandemic, the different exposure to supply bottlenecks and
to the war in Ukraine across countries, demand factors seem to drive the recent inflation
surge in all the countries we considered.

5 OVERFITTING VS. EXCESS VOLATILITY

It is useful to evaluate the connection between the well-known overfitting behavior of
deterministic components and the more novel excess volatility problem studied in this
paper. As discussed in detail in Sims (1996), Sims (2000) and Giannone et al. (2019),
flat-prior VARSs tend to attribute an implausibly large share of the variation in observed
time series to their deterministic components. The problem arises, in the case of stationary
variables, when initial values of the variables are distant from their steady state. Complex
transient dynamics from these initial conditions to the steady state are common in VAR
models. Using the terminology of (Sims, 2000), this marked temporal heterogeneity can
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Figure 9: Historical decompositions of inflation in selected countries
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be exacerbated if the variables included in the VAR are persistent or display non-trivial
low frequency components. In these cases, the overfitting problem persists over time and
the estimated deterministic component tends to track the observed time series. Exam-
ples of these dynamics (often hump shaped) are presented in Sims (2000) and Giannone
et al. (2019) and are featured in particular by labor market variables like hours worked
and unemployment, which display important medium term cycles. The excess volatil-
ity discussed in this paper relates to the uncertainty around the estimated deterministic
components and not to their level which was the focus in the previous literature. This is
important because excess volatility can easily manifest itself even when the overfitting
problem is relatively minor. As shown in Figures 2 and 3, the temporal heterogeneity
discussed above is clearly present at the beginning of our sample.> However, almost all
draws stabilize after just two or three years in contrast, for example, with Sims (2000)
and Giannone et al. (2019) where draws feature a clear hump-shaped behavior for many
variables. Thus, our simple bivariate model estimated with a diffuse prior features a mild
overfitting problem and a rather extreme excess volatility problem.

While clearly different, overfitting and excess volatility share some similarities: they
are both more pronounced in large systems and with persistent variables. In addition,
both pathologies distort historical decompositions and should be taken good care in ap-
plied investigation. The single-unit-root prior was originally introduced to alleviate the
overfitting problem. Our contribution is to show that it is even more successful at dealing
with the excess volatility problem.

3While we use variables in growth rates rather than in levels (level variables are typically considered when
discussing the issue of overfitting), one could expect the problem to arise also in our system. The AR(1)
coefficients of output growth and inflation are 0.03 and 0.84, respectively, and 14.7 and 47.2 percent of the
total variance of these variables is found in the low frequency spectrum (which we define as corresponding
to cycles of 32 to 64 quarters). Furthermore, while the unconditional sample means are 0.41 and 0.79
respectively, the initial values of the series are 1.62 and 0.27.
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6 ALTERNATIVE APPROACHES

For those researchers who are reluctant to use priors for inferential purposes, we offer
two alternative pragmatic solutions that can go a long way in making the uncertainty in
deterministic components less relevant for practical purposes. The first is demeaning the
data prior to estimation. Such an approach is partially successful since poor estimates of
the VAR constant contribute to make the problem important. The second alternative is to
construct a median historical decomposition taking into account parameter uncertainty.

6.1 DEMEANING THE DATA

As discussed in Section 2, the deterministic component consists of two terms:
IT+A+A?+ -+ ATHC + A'Y,

If the VAR constant is zero, the first term disappears and, as ¢ increases the last term
goes towards zero, as long as the data is stationary and ergodic. Thus, a simple way
to restrict the deterministic component to be similar across draws in finite samples is to
demean the data and estimate the VAR without a constant.

We present the historical decomposition obtained in this case using US data in Figure
10. In this specification, the role of demand shocks is slightly more prevalent than with a
single-unit-root prior. Note, however, that the uncertainty in the deterministic component
is still larger than in Figure 6. By demeaning and estimating the VAR without a constant,
the deterministic component is forced to be on the path described by A'Y;. Therefore,
draws that imply different A’s will force the estimated shocks to take different values,
altering their contribution in a given historical episode.

6.2 COMPUTING THE MEDIAN HISTORICAL DECOMPOSITION

Another pragmatic approach consists in acknowledging that the uncertainty present in the
deterministic components matters. To do this, one could compute a large number of his-
torical decompositions, each associated with a draw for the parameters, and recover the
point-wise median historical decomposition at each point in time. In this case, at each
quarter, the data is decomposed into the median contribution of demand shocks, the me-
dian contribution of supply shocks and a residual deterministic component that absorbs
the difference between data and the two median stochastic components. While such a
summary measure mixes information from different draws and does not preserve the ad-
ditivity property of historical decompositions, it features the non-negligible advantage of
taking into account the uncertainty in the deterministic component into the inferential
process while insuring robustness against non-normalities in the distribution of estimates.
Bergholt et al. (2023) use such an approach when studying the causes of the reduced
sensitivity of inflation to measures of economic slack in the pre-COVID period.*

Figure 11 computes the median historical decomposition for the four prior distribu-
tions we considered in this paper using US data. First, notice that the results are quite

*One could also compute the mean historical decomposition. Such a summary statistics preserves the
additive property but it is not robust to the presence of outliers, which are present when a flat prior is used
(see Figure B-3 in the Appendix).
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Figure 10: US: Estimates without constant (demeaned data) and a diffuse prior.
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similar across specifications. In addition, in all cases considered, demand shocks have an
important role during the current inflation surge. Finally, by comparing the bottom-right
panel of Figure 11 and panel a) in Figure 6 one can conclude that the point-wise median
historical decomposition and the historical decomposition obtained with the single-unit-
root prior provide a similar reading of the current inflation surge.

6.3 A MEASURE OF DISPERSION FOR THE HISTORICAL
DECOMPOSITIONS

The evidence presented in Figure 11 may lead the reader think that, conditional on using
the point-wise median historical decomposition, the choice of priors becomes irrelevant.
After all, the reading of history is very similar across the panels of Figure 11. How-
ever, such a conclusion is premature. In fact, while median estimates are similar across
prior specifications, the uncertainty around these median estimates can be substantially
different.

Since it is hard to visually determine to what extent historical decompositions across
draws are different, we propose a simple measure which could be used for the purpose.
We construct it using the dispersion of the historical decompositions among the 100 draws
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Figure 11: Historical decomposition of inflation, point-wise median.
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that are closest to the point-wise median IRFs (from now on referred to as the top 100
draws). Let S; ;, be the contribution from the shock j to variable 7 in period ¢. Then

D; ji = max (S; ;) — min (S ) )
1 T

Mij = Dijs 9)
t=1

D, ;+ is the difference between the maximum and minimum value of \S; ;; among the top
100 draws for variable ¢ and shock j, and M, ; is the average dispersion. For illustration,
focus on the dispersion in the contribution from the demand shock to inflation for the pe-
riod 2020:Q2 to 2022:Q4. Table 1 reports this statistics for the four prior specifications,
and three different identification schemes. There are considerable differences for all pri-
ors. However, the dispersion becomes uniformly smaller when the single-unit-root prior
is imposed, regardless of the identification scheme employed.

7 CONCLUSIONS

Most empirical applications of SVAR models report the uncertainty around impulse re-
sponse functions. We show that it is also important to take into account the uncertainty

23



Table 1: Dispersion of historical decompositions, different priors and different identifica-
tions.

| | Sign | Blanchard-Quah | Cholesky |

Diffuse 1.07 0.88 2.33
Normal-Inverse Wishart 1.53 1.20 0.91
Minnesota 0.87 0.71 0.61
Single-unit-root 0.68 0.48 0.54

Note: The numbers report the measure of dispersion in the historical decompositions across the 100 draws
closest to the point-wise median response, see Equation 9.

around historical decompositions. This kind of uncertainty is heavily affected by the un-
certainty present in the deterministic component of the VAR. Posterior draws that exhibit
similar impulse responses can feature largely different deterministic components. Draws
associated with extreme deterministic components exhibit a distorted historical decom-
position because shocks have to match the gap between the series of interest and the
estimated deterministic component. Hence, there is no guarantee that ”good” impulse
response functions are related to ”good” historical decompositions. We have provided
one solution to the problem based on the use of the single-unit-root prior and two prag-
matic alternatives based on demeaning the data and on computing a point-wise median
historical decomposition. Regardless of the approach one uses to take this uncertainty
into account, we find that the recent inflation surge observed in the US is mainly driven
by demand factors. The prevalence of demand shocks is confirmed, and in some cases
reinforced, when using data for Norway, Sweden, Canada and Australia. The contribu-
tion is generally more balanced in the euro area where supply factors are still relatively
important at the end of our sample.

The problems we highlight in this paper also appear when one wants to separate per-
manent from transitory components. The excess volatility problem in this case becomes
even more acute because variations in the deterministic components matter for the level
of the permanent component of the data. Thus, large uncertainty in the former translates
into a large uncertainty in the latter. In addition, since in small samples, the long run con-
tribution of the shocks is very imprecisely estimated, additional uncertainty may affect
what is perceived as permanent and as transitory. This makes estimates of trend inflation
generally very poor and inflation regimes hard to characterize. We plan to study these
issues in future research.
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APPENDIX

A ADDITIONAL RESULTS FOR THE US

Figure A-1: IRFs, different identification schemes
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Figure A-2: Historical decomposition of inflation, different identification schemes

(a) Blanchard-Quah decomposition
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Minnesota prior

Figure A-3: Historical decompositions of US inflation, different priors

(a) Normal-Inverse Wishart prior
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Figure A-4: Longer sample: 1949:Q1 - 2022:Q4

(a) Historical decompositions, diffuse prior
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Figure A-5: Deterministic components, diffuse prior
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Figure A-6: Posterior distribution of §, US data

Posterior of the shrinkage of the single-unit-root prior (J)
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B ADDITIONAL RESULTS FOR THE EURO AREA

Figure B-1: IRFs to identified shocks

Pointwise median and three closest draws, diffuse prior
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Note: The black line is the pointwise median and the shaded areas the min-max identified set. The red line
is the IRF for the draw that is closest to the pointwise median; the green and blue lines are IRFS for 2nd
and 3rd draws closest to the pointwise median, respectively.
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Figure B-2: Historical decompositions and deterministic components of euro area infla-
tion, diffuse prior

(a) Historical decomposition of inflation for the 3 draws closest to the pointwise median IRFs
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Figure B-3: Mean historical decompositions of inflation, euro area
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