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Federal Reserve Board

Household savings rose above trend in many developed
countries after the onset of COVID-19. Given its link to aggre-
gate consumption, the presence of these “excess savings” has
raised questions about their implications for the transmis-
sion of monetary policy. Using a panel of euro-area economies
and high-frequency monetary policy shocks, we document that
household excess savings dampen the effects of monetary pol-
icy on economic activity and inflation, especially during the
pandemic period. To rationalize our empirical findings, we
build a New Keynesian model in which households use sav-
ings to self-insure against countercyclical unemployment and
consumption risk.

JEL Codes: E12, E21, E24, E31, E52.

1. Introduction

During the COVID-19 pandemic, households around the world accu-
mulated large stocks of savings through a combination of precau-
tionary motives, an inability to spend their funds amid widespread
lockdowns, and increased fiscal support to their incomes. Soon after,
the main concern of policymakers quickly switched from alleviating
the lack of household income to fighting decades-high inflation. Still,
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households maintained robust stocks of “excess savings” (i.e., sav-
ings in excess of trend), and policymakers began to question their
possible effects on the transmission of monetary policy.1

In this paper, we evaluate the effects of excess savings on mone-
tary policy transmission, both empirically and theoretically. We doc-
ument that excess savings in euro-area economies rose to historically
high levels during the pandemic period. Then, using high-frequency
monetary policy shocks, we estimate state-dependent effects of mon-
etary policy using local projections (Jordà 2005), and we find that
monetary policy transmission to both inflation and economic activity
is dampened in periods of high excess savings. Finally, we rationalize
how excess savings affect the transmission of monetary policy using a
New Keynesian model in which households face idiosyncratic, coun-
tercyclical unemployment and consumption risk against which they
can only self-insure through savings.

We begin by measuring the stock of excess savings and mone-
tary policy shocks for euro-area economies. In addition to the euro-
area aggregate, our empirical analysis focuses on the four largest
euro-area countries: Germany, Italy, France, and Spain. Following
de Soyres, Moore, and Ortiz (2023), we define household excess
savings as the amount of savings arising from above-trend house-
hold savings rates. To estimate country-level trend savings rates,
we employ the Hamilton (2018) filter. Our measure of excess sav-
ings exhibits variation across time and countries, with the pandemic
period showing historically high levels. To measure the monetary
policy shocks, we apply the high-frequency approach of Bu, Rogers,
and Wu (2021) to the euro area, which accounts for the mix of poli-
cies from the European Central Bank (ECB) focused on both policy
rates and asset purchases.

After measuring these objects, we use them to estimate the
effects of monetary policy on real and nominal outcomes. We focus
on two variables of interest: the unemployment rate and consumer
price inflation. We estimate the effects of monetary policy on these
outcomes of interest via local projections. Our estimates reveal that
the effect of a contractionary monetary policy shock on real and

1For instance, see the speech by Christine Lagarde, President of the European
Central Bank, at “The ECB and Its Watchers XXIII” conference.
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nominal outcomes of interest is attenuated when stocks of excess
savings are larger. We find that our results are robust to (i) differ-
ent measures of economic activity, (ii) controlling for the balance
sheet strength of the banking system, and (iii) time-specific changes
around the COVID period.

Our empirical results can be summarized as follows. We find
that a contractionary monetary policy shock scaled to generate a
50 basis point increase in the two-year German government yield
raises the unemployment rate by about 0.30 percentage point when
excess savings are close to zero, but only by about 0.15 percentage
point when excess savings are fixed to their 2023:Q1 levels. Addi-
tionally, we show that 12-month headline inflation declines by nearly
0.40 percentage point when excess savings are close to zero, but
only by about 0.30 percentage point when excess savings are consis-
tent with their observed 2023:Q1 levels. We choose to evaluate the
efficacy of monetary policy in 2023:Q1 because euro-area headline
inflation peaked around this time, thereby constituting a moment at
which policymakers paid heightened attention to the effectiveness of
monetary policy going forward.

Motivated by our empirical findings, we build a simple New Key-
nesian model with unemployment and imperfect insurance against
individual unemployment risk. Relative to the standard representa-
tive agent New Keynesian setting, savings in our model are valued
because they allow workers to self-insure against the consumption
risk of being unemployed. Unemployment risk rises during contrac-
tions, inducing workers to cut back consumption further at the start
of a downturn to save more. This response amplifies the direct
impact of any contractionary shock. Higher savings at the onset
of the downturn reduce this consumption response and therefore
lead to less amplification. As a result, consistent with our empirical
findings, a calibrated version of our model generates dampened real
and nominal responses to monetary policy shocks in a high-savings
economy relative to the baseline economy. In total, our empirical and
quantitative results point to an economically meaningful nonlinear-
ity in the potency of monetary policy based on the level of stocks of
excess savings.

Our paper relates to the recent literature measuring excess
savings and studying their aggregate implications. Our method
for measuring excess savings follows de Soyres, Moore, and Ortiz
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(2023). Alternative approaches to measuring excess savings include
Aladangady et al. (2022) and Abdelrahman and Oliveira (2023).
We take a time-varying filtering approach because it best suits our
purpose of estimating the effects of monetary policy shocks in a
panel of euro-area economies with a rich time dimension. Addi-
tionally, there are other recent studies evaluating the effects of
excess savings accumulated during COVID-19. Auclert, Rognlie, and
Straub (2023) analyze the process by which household excess sav-
ings affect the level of aggregate demand, and how this process varies
based on the distribution of excess savings. Aggarwal et al. (2023)
study debt-financed fiscal transfers in a model of the world econ-
omy that reproduces large fiscal deficits, large increases in private
savings, and persistent current account deficits. We contribute to
this literature by empirically and quantitatively linking aggregate
excess savings to monetary policy effectiveness in the context of the
euro area.

Our paper also relates to the literature on how monetary policy
transmits to households. Recent contributions, such as those made
by Cloyne, Ferreira, and Surico (2020), find that mortgagors are
more sensitive to monetary policy than outright owners because the
former have little liquid wealth. In addition, Alpanda, Granziera,
and Zubairy (2021) and Harding and Klein (2022) find empirically
that monetary policy is more effective in affecting the macroecon-
omy when household debt is rising or high.2 On the modeling side,
our paper relates to household models of precautionary savings
demand in the presence of countercyclical idiosyncratic risk, such
as Gornemann, Kuester, and Nakajima (2016), Challe et al. (2017),
Ravn and Sterk (2017), Bilbiie (2018), Den Haan, Rendahl, and
Riegler (2018), Acharya and Dogra (2020), and Cho (2023). The
empirical state dependence we document can be viewed as support-
ive of the mechanisms in these papers. Our paper is similar to them,
though it studies state-dependent household responsiveness to mon-
etary policy across major euro-area countries and in the context of

2Harding and Klein (2022) provide an alternative mechanism to rationalize
our findings. In their model, higher savings would relax a collateral constraint,
leading to a dampening of contractionary shocks when constrained agents cut
back on consumption. We view our mechanism as complementary to theirs.



Forthcoming Estimates of the Natural Rate of Interest 5

excess savings rather than household debt or net worth. Our mea-
sure of excess savings, particularly around COVID-19, likely reflects
an influx of liquid savings that allowed many European households
to remain clear of borrowing constraints during the recent tightening
cycle.

The rest of the paper is organized as follows. Section 2 discusses
the data used for our empirical analysis—particularly our measures
of excess savings and euro-area monetary policy shocks. Section 3
reports our empirical results, which show that the effects of mone-
tary policy are dampened when stocks of household excess savings
are high. Section 4 explores the economic mechanism through which
excess savings affect the transmission of monetary policy in a sim-
ple New Keynesian model and presents simulations rationalizing our
empirical results. Section 5 concludes.

2. Data Description

In this section, we describe how we measure the stocks of excess
savings and monetary policy shocks used for our empirical results.
Appendix A provides further details on the data used in our
analysis.

2.1 Excess Savings in the Euro Area

We follow de Soyres, Moore, and Ortiz (2023) by defining the stock of
excess savings as the amount of assets, as a percent of gross domes-
tic product (GDP), arising from above-trend savings rates. First,
for each country, we extract a trend of the savings rate using the
Hamilton (2018) filter.3 We then use the detrended savings rate to
calculate the flow of excess savings for country i in quarter t, in
euros, as follows:

Flow of excess savingsit = (Detrended Savings Rateit)

× (Disposable Incomeit). (1)

3Following Hamilton (2018), we detrend the savings rate country by country
via a regression of the savings rate on lags 8 to 11. The residual is the detrended
savings rate.
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To construct the measure of the stock of excess savings, we calcu-
late the cumulative sum of the flows defined in Equation (1) and
normalize it by nominal GDP:

Stock of excess savingsit =
∑T

t=1 Flow of excess savingsit

Nominal GDPit
× 100.

(2)

Finally, we demean the series at the country level over the entire
sample period, which spans from 1999:Q1 through 2023:Q2.4 By
construction, the stock of excess savings increases when the flow of
excess savings is positive, while the stock of excess savings decreases
when the flow of excess savings is negative.

This measure of aggregate excess savings has some advantages.
First, its construction requires only aggregate nominal household
savings, disposable income, and nominal GDP, all of which are
readily available for a variety of euro-area countries. Second, our
methodology produces a full time series of estimated excess sav-
ings, allowing us to exploit its variation over time in our analysis.
Finally, despite using nominal household savings as an input, our
measure does not rely on the assumption that prices remain at their
trends.

Our measure of the stock of excess savings for the euro area
exhibits considerable variation, both in the time series and across
countries. Figure 1 shows that in the lead-up to the 2008–09 Global
Financial Crisis, different economies had different trajectories, with
Italy increasing its excess savings, France and Germany main-
taining their excess savings, and Spain and the euro-area aggre-
gate decreasing their savings. In contrast, from 2012 to 2020,
most of these economies ran down their excess savings, with the
exception of France. Finally, amid the COVID-19 pandemic, all
of these economies saw their stocks of excess savings sharply
increase.

4We demean the stock of excess savings within country to ensure that our
empirical results, which we describe in Section 3, are not driven by permanent het-
erogeneity in excess savings stemming from initial conditions when accumulating
the savings flows over time.
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Figure 1. Stock of Excess Savings in the Euro Area

Note: Figure 1 shows the series of stocks of excess savings for the euro-area
aggregate (red), France (pink), Germany (blue), Italy (yellow), and Spain (green).

2.2 Euro-Area High-Frequency Monetary Policy Shocks

We apply the methodology of Bu, Rogers, and Wu (2021) to calcu-
late high-frequency monetary policy shocks for the euro area. Specif-
ically, we use daily data from the German Treasury yield curve for
the monetary policy meetings of the ECB for the period of January
1999 through September 2022 in our application. Figure 2 displays
the monetary policy shocks that are calculated using this method-
ology. For our regressions, we aggregate these shocks by summing
them to a monthly frequency.5

Our chosen approach to measuring monetary policy shocks
combines three important features that address issues extensively
discussed in the literature. First, the shocks bridge periods of con-
ventional and unconventional monetary policy by using interest
rate movements from the entire Treasury yield curve. Second, Bu,
Rogers, and Wu (2021) provide evidence that this methodology
removes the central bank information effect for the U.S.: monetary
policy announcements may reveal information about the state of
the macroeconomy, instead of representing only genuine monetary

5When analyzing the consumption response to monetary policy in Appendix
B.2, we aggregate the monetary policy shocks to a quarterly frequency.
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Figure 2. Monetary Policy Shocks from
the European Central Bank

Note: Figure 2 shows the time series of monetary policy shocks calculated using
German Treasury yield curve for the monetary policy meetings of the ECB for
the period of January 1999 through September 2022.

policy surprises. Third, Bu, Rogers, and Wu (2021) document that
their U.S. monetary policy shocks are not predicted by available
information on the economy, such as Blue Chip forecasts, news
releases, and consumer sentiment.6 Following the same approach,
in Appendix B.1 we provide evidence that our euro-area monetary
policy shocks are not predicted by information available in real time.

3. Empirical Results

In this section, we use our measures of excess savings and euro-area
monetary policy shocks to document that excess savings dampen
the transmission of monetary policy to both economic activity and
inflation.

3.1 Regression Specifications

Our sample runs from January 1999 through September 2022 and
covers five economies: the euro-area aggregate, Germany, France,

6For more discussion of these issues, see Miranda-Agrippino (2016) and Bauer
and Swanson (2020).
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Italy, and Spain. We represent an economy with i and a given month
with t. The euro-area monetary policy shock is denoted by εm

t and
is scaled such that the shock generates a 50 basis point increase in
the two-year German government bond yield. For all regressions,
we also specify a set of country-specific and euro-area-specific con-
trols denoted by Zit. The country-specific controls are 12 lags of
inflation rates, unemployment rates, industrial production, GDP
growth, and an interaction of GDP growth with the monetary pol-
icy shock to account for state-dependent effects of monetary policy
on economic activity (Tenreyro and Thwaites 2016).7 The euro-area
controls include 12 lags of inflation, the unemployment rate, and
the spread between the five-year triple-B-rated bond yield and the
five-year German government bond yield.

We estimate the transmission of monetary policy to measures of
economic activity and inflation unconditionally and conditional on
the ex ante stock of excess savings. Specifically, we estimate the fol-
lowing local projections (Jordà 2005) at a monthly frequency for a
series of horizons h:

Yit+h − Yit−1 = βh
i + βh

1 εm
t + βh

2 (Excess Savings Stockit−1) × εm
t

+ γhZit−1 + eit+h, (3)

where Yit is the measure of economic activity and inflation.
While we focus on the unemployment rate as a measure of eco-

nomic activity, Appendix B documents that our results are robust
to using both aggregate consumption and industrial production
instead. In addition, we also show that our results are robust to
controlling for the COVID period as well as bank balance sheet
strength, respectively.

3.2 Excess Savings Dampen Monetary
Policy Effects on Activity

Using the unemployment rate as a measure of economic activity, we
find that euro-area monetary policy shocks increase the unemploy-
ment rate but less so when excess savings are high. Figure 3A plots

7We convert GDP from a quarterly frequency to a monthly frequency by
assigning the value of realized GDP in a given quarter to every month of that
quarter.



10 International Journal of Central Banking Forthcoming

Figure 3. Effect of a Contractionary Monetary Policy
Shock on Euro-Area Unemployment Rate

Note: Figure 3 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect, βh

1 , from local projections (3), while panel B plots
the effect conditional on the level of excess savings, βh

2 . The shaded area reflects
the 68 percent and 90 percent confidence intervals using standard errors from
Driscoll and Kraay (1998).

the unconditional effects of monetary policy shocks, with the unem-
ployment rate rising over time, reaching its peak effect after 15 to 20
months, and increasing by 30 basis points. Figure 3B plots the esti-
mate of βh

2 , which captures the nonlinearity in monetary transmis-
sion with respect to excess savings. More precisely, when the stock
of excess savings of a euro-area economy increases by 1 percentage
point of GDP relative to the historical average, we find that the effect
of the monetary policy shock on the unemployment rate is damp-
ened by roughly one-half. Overall, our estimated effects of monetary
policy shocks on economic activity are comparable in magnitude to
those from other papers (e.g., Badinger and Schiman 2023).

3.3 Excess Savings Dampen Monetary
Policy Effects on Inflation

In addition to dampening the response of real outcomes, we find
evidence that excess savings also dampen the response of prices. We
estimate Equation (3) for 12-month headline inflation and plot the
results in Figure 4. The unconditional effect (Figure 4A) shows that
inflation declines by 40 basis points in response to a contractionary
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Figure 4. Effect of a Contractionary Monetary
Policy Shock on Euro-Area Inflation

Note: Figure 4 plots the response of inflation to a monetary policy shock normal-
ized to increase two-year rates by 50 basis points. Panel A plots the unconditional
effect, βh

1 , from local projections (3), while panel B plots the effect conditional
on the level of excess savings, βh

2 . The shaded area reflects the 68 percent and
90 percent confidence intervals using standard errors from Driscoll and Kraay
(1998).

monetary policy shock. When the stock of excess savings of a euro-
area economy is 1 percentage point of GDP relative to its historical
average (Figure 4B), the decline in inflation is dampened by around
10 basis points. Our results are consistent with the literature docu-
menting that using a high-frequency measurement of shocks helps to
show that inflation decreases after contractionary monetary policy
shocks (e.g., Ramey 2016, Jarociński and Karadi 2020).

3.4 Monetary Policy Transmission Post-Pandemic

We next quantify the effect of the rise in excess savings on the trans-
mission of monetary policy during the COVID-19 recovery. With 12-
month headline inflation in the euro-area aggregate having peaked
in 2022:Q4 and excess savings still remaining elevated in the same
period, we use our estimates to quantify the effectiveness of mone-
tary policy from the perspective of a policymaker in 2023:Q1 as they
start to evaluate how tight policy would need to be going forward.

Figure 5 shows that excess savings dampened the effects of mon-
etary policy during the recovery from the pandemic. As a baseline,
the blue lines depict the average response of the unemployment and
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Figure 5. Effect of a Contractionary Monetary
Policy Shock in 2023:Q1

Note: Figure 5 plots the response of the unemployment rate and inflation to a
monetary policy shock normalized to increase two-year rates by 50 basis points.
Panels A and B plot the total monetary policy effect under two scenarios: (i)
when excess savings are equal to zero (i.e., βh

1 from local projections (3)) and (ii)
when excess savings are set equal to their 2023:Q1 level based on an average of
the countries in our sample.

inflation rates to a monetary policy shock under the assumption
that excess savings are at their historical averages (the same as in
Figures 3A and 4A, respectively). The solid black lines reflect the
response of the unemployment and inflation rates to a monetary
policy shock under the assumption that excess savings are at their
2023:Q1 levels. Comparing the two sets of responses, we estimate
peak-dampening effects of about one-fourth to one-half on the effi-
cacy of monetary policy for both the unemployment and inflation
rates.

4. Excess Savings in a Simple New Keynesian Model

In this section, we build a model that provides an interpretation of
our empirical results: higher excess savings flatten the IS curve. Our
model is a simple New Keynesian model with equilibrium unem-
ployment due to matching frictions in the labor market. Workers
face idiosyncratic, countercyclical unemployment risk against which
they can only be partially insured by saving while employed. When
unemployment risk rises, households want to cut consumption today
to save more, which then amplifies the response of the economy to
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the initial shock. However, higher savings dampen this amplification
by allowing for better risk sharing. Our exact setup is a simplified
version of the model in Challe et al. (2017) and is similar to, for
example, Ravn and Sterk (2017) and Heathcote and Perri (2018).
The same forces can also be found in less stylized models of pre-
cautionary savings over the business cycle like those of Gornemann,
Kuester, and Nakajima (2016), Den Haan, Rendahl, and Riegler
(2018), and Cho (2023).

4.1 Timeline

The economy is populated by a unit mass of identical families. Each
family itself consists of a unit mass of workers. At the beginning of
the period, the family redistributes bonds between its members who
were employed last period. Unemployed members of the family also
might hold some bonds or debt, depending on their history. Impor-
tantly, they are not able to share in the wealth of the family until
they find a job.8 After the redistribution of bonds takes place, aggre-
gate shocks realize and firms announce how many workers they plan
to hire. Employed workers produce for the firms they work for and
are paid. Unemployed workers receive unemployment benefits. Both
groups then decide how to split their income between consumption
and savings. At the end of the period all employed members of a
family meet and pool resources, which are then reshuffled between
these family members for the next period.

4.2 Representative Family

We describe the problem of the representative family in two stages.
The individual state variable of a family’s problem is a distribution
μ of workers over (N, b), where N indicates the employment status
of a worker and b the current bond holdings of the worker. N = 0

8The assumption of a representative family that can share its resources within
a subset of workers is clearly unrealistic. It is meant to capture a world in which
workers self-insure through saving against unemployment risk. The assumption
that the employed workers are able to pool resources, however, strongly simpli-
fies the analysis. This simplification arises because a worker’s asset position only
depends on their current employment status and the length of his current unem-
ployment spell—not, for example, on the length of an employment spell or other
unemployment spells in the past.
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denotes a worker who is currently employed, while N > 0 lists the
number of periods a worker has been unemployed. b takes values in
[−b̄, ∞), with b̄ being the borrowing limit.

At the beginning of the period the value function of the family is
Ṽt(μ̃) and evolves to the value function Vt(μ) as labor market flows
occur. The household makes no decisions at this stage. Employed
workers lose their match with their employment agency with prob-
ability λ but are immediately allowed to search for a new one. The
probability of finding a job is ft for both newly and previously unem-
ployed workers and is determined in equilibrium as described below.
The resulting transition and relation between value functions is given
by the following set of equations:

Ṽt(μ̃) = Vt(μ)

subject to μ(b, 0) = (1 − λ(1 − ft))μ̃(b, 0) +
∞∑

i=1

ftμ̃(b, i)

μ(b, 1) = λ(1 − ft)μ̃(b, 0)

μ(b, N) = (1 − ft)μ̃(b, N − 1), for N > 1.

In the second step, after labor market transitions have taken
place, we reach the production and consumption stage. Currently
employed workers receive wages wt, while unemployed workers
receive unemployment benefits χ. All pay a proportional tax τt on
these incomes to finance unemployment benefits and lump-sum taxes
Tt to pay for government debt. Finally, they either receive inter-
est income (if b is positive) or repay their debt (if b is negative).
These payments are Rt−1

πt
b, where π is the inflation rate and Rt−1 the

nominal interest rate determined last period. Given these incomes,
the family assigns a consumption (c(b, N) and savings (b′(b, 0)) plan
for each (b, N). These plans have to be consistent with individual
budget sets. Unemployed workers carry their remaining savings to
the next period, while employed workers meet at the end of the
period and pool resources such that all employed workers finish
the period with the same share of total savings as the employed.9

9Concavity in the utility from consumption and the identical probability of
losing a job make it optimal for the planner to assign every employed worker
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The resulting optimization problem is given by the following
equations:

Vt(μ) = max
(b′(b,N),c(b,N))(b,N)∈sup(μ)

[ ∑
(b,N)∈sup(μ)

c(b, N)1−σ

1 − σ

+ βEt+1|tṼt+1(μ̃)

]

subject to c(b, 0) + b′(b, 0) = wt(1 − τt) + b
Rt−1

πt
− Tt + Πt

c(b, N) + b′(b, N) = χ(1 − τt)

+ b
Rt−1

πt
− Tt + Πt, for N > 0

b′(b, N) ≥ −b̄

μ̃(b, 0) =
∫

b̃

μ(b̃, 0)db̃, if b =

∫
b̃
b′(b̃, 0)μ(b̃, 0)db̃∫

μ(b̃, 0)db̃

μ̃(b, 0) = 0, if b �=
∫

b̃
b′(b̃, 0)μ(b̃, 0)db̃∫

μ(b̃, 0)db̃

μ̃(b, N) = μ(b′−1(b, N), N), if N > 0.

Looking over the family’s problem, the pooling of resources is
contained in the transition equation for μ̃, with all employed work-
ers concentrating in one (b, 0) pair, while all other (b, 0) pairs have
zero mass. The last line captures that unemployed households carry
their remaining savings forward. These assumptions, together with
a tight-enough borrowing constraint, are what make our framework
very tractable, as we do not have to follow a large asset distribution
or the full employment history of workers as separate state vari-
ables. Bonds are valued not only for their interest income but also
for their ability to provide consumption insurance to workers who

the same share and to give identical plans to workers with the same (b, N) con-
sistent with optimality, so these assumptions are only made the streamline the
presentation.
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become unemployed and are temporarily unable to pool resources
with the family. As they run down their savings, they eventually hit
the borrowing constraint. At that point it does not matter anymore
for optimal behavior how long a worker has been unemployed. On
the flip side, once a worker becomes employed, they end the period
with the same number of bonds as all the other employed workers,
making it unnecessary to track their history or the different bond
amounts for employed workers. As a result, we only need to fol-
low the mass of employed workers and a finite set of unemployment
duration and savings pairs.10

4.3 Bond Supply

The government issues a constant number of nominal one-period
bonds, B̄, each period, which it sells to households and finances
through lump-sum taxes on all workers:

Tt =
(

Rt−1

πt
− 1

)
B̄.

4.4 Labor Market Model

This subsection describes the labor market in our model.

4.4.1 Employment Agencies

Employment agencies hire workers by posting vacancies, which are
filled at rate qt. An agency that is matched with a worker rents them
out to intermediate goods producers and receive a compensation in
the amount of ht in exchange. It pays the worker a wage wt while
they are matched. The match continues into the next period with
probability (1−λ). When the match is dissolved, the worker becomes
unemployed. We assume that all firms discount future payment flows

10Our results should carry over to models without risk sharing in a repre-
sentative family, where instead employed workers keep accumulating savings on
their own for insurance against unemployment as in Gornemann, Kuester, and
Nakajima (2016).



Forthcoming Estimates of the Natural Rate of Interest 17

at the ex ante real rate (rt). The value to the agency of an ongoing
match is Jt and given recursively by the following expression:

Jt = (ht − wt) + (1 − λ)
1
rt
Et+1|tJt+1.

Assuming free entry for new agencies, employment agencies keep
posting new vacancies until the cost of opening a vacancy, κ, equals
the chance of matching times the value of a match:11

κ = qtJt.

Finally, we assume that wages follow a simple wage rule, which
sees wages rise in total employment (Nt):

log(wt) − log(w̄) = φw(log(Nt) − log(N̄)).

In models with matching frictions, many wage determina-
tion rules are consistent with equilibrium. We follow Gornemann,
Kuester, and Nakajima (2016) and Challe et al. (2017) in picking a
parsimonious formulation.

4.4.2 Labor Market Flows

Next, we describe the aggregate labor market flows. We assume that
the total number of matches follows a standard matching function:

Mt = μMvαM
t (λNt−1 + (1 − Nt−1))1−αM .

It takes the number of posted vacancies and the mass of workers
searching for employment as inputs.12

As a result, the chance of a worker finding a job is

ft =
Mt

λNt−1 + (1 − Nt−1)
,

11We assume here implicitly that employment agencies always have a large-
enough present discounted value to want to post some vacancies, which will be
the case in all our experiments. This also implies that the agencies would never
want to end a match with a worker endogenously.

12Technically, we should write the matching function as Mt =
max{vαM

t (λNt−1 + (1 − Nt−1))1−αM , vt, (λNt−1 + (1 − Nt−1))} to rule out cases
in which more matches than posted vacancies or searching workers are generated.
However, given our calibration, these cases never occur in our experiments.
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while the chance of an employment agency finding a worker is

qt =
Mt

vt
.

Total employment, Nt, evolves as follows:

Nt = (1 − λ)Nt−1 + Mt.

4.5 Production

Production has two stages. Final goods producers aggregate inter-
mediate goods into a final good that can be used for consumption,
vacancies, and price adjustment costs. Intermediate goods producers
each create a variety of the intermediate good using labor services
as their sole input. They are monopolists for the sale of their variety
and are subject to price adjustment costs, generating a source of
price rigidity.

4.5.1 Final Goods Producers

Final goods producers sell output Yt at price Pt produced from a con-
tinuum of intermediate varieties in quantities yi,t bought at prices
pi,t. They solve the maximization problem:

max
Yt,(yi,t)1i=0

PtYt −
∫ 1

0
pi,tyi,tdi

subject to Yt =
(∫ 1

0
y

ν−1
ν

i,t di

) ν
ν−1

.

4.5.2 Intermediate Goods Producers

Intermediate goods producers are producing their variety using a lin-
ear technology with productivity Z̄ that takes labor services (ni,t) as
inputs at a price ht paid to employment agencies. They are monop-
olists for their variety, setting their price pi,t subject to price adjust-
ment costs while taking final goods producers’ demand response into
account. As this makes their price a state variable, they optimize the
intertemporal value of their profits discounted at the ex ante real
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rate (rt). We denote this value by Ji,P,t resulting in the following
optimization problem in period t:

Ji,P,t(pi,t−1) = max
yi,t,ni,t,pi,t

[
pi,tyi,t − Pthtni,t − PtΦπ

(
pi,t

pi,t−1
− π̄

)2

+
1
rt
EtJi,P,t+1(pi,t)

]

subject to yi,t = Z̄ni,t

yi,t =
(

pi,t

Pt

)−ν

Yt.

4.6 Monetary Policy

Monetary policy sets the nominal interest rate based on a stan-
dard inertial Taylor rule subject to an i.i.d. normal monetary policy
shock (εR

t ):

log(Rt) − log(R̄) = φR(log(Rt−1) − log(R̄))

+ (1 − φR) [φπ(log(πt) − log(π̄))] + εR
t .

4.7 Market Clearing and Consistency

Final goods markets clear:

Yt = Ct + κvt + Φπ

(
Pt

Pt−1
− π̄

)2

.

Labor services markets clear:

Nt =
∫ 1

0
ni,tdi.

Aggregate employment is consistent with the distribution:

Nt = μ(b̃, 0)db̃.

Bond markets clear:

B̄ =
∫

b′
t(b, N)dμt(b, N).
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Profits are consistent:

Πt = Yt − κvt − Φπ

(
Pt

Pt−1
− π̄

)2

− wtNt.

Aggregate and individual consumption are consistent:

Ct =
∫

ct(b, N)dμt(b, N).

Unemployment benefits are paid period by period through τt:

τt =
χ(1 − Nt)

χ(1 − Nt) + wtNt
.

4.8 Some Intuition

We solve the model using linearization. To keep things really simple,
we chose a calibration in which it is optimal for unemployed workers
(close to steady state) to deplete all their savings in one period such
that, effectively, there are only two relevant Euler equations—the
one for workers who have been employed for multiple periods and
the one for workers who just found a job—while unemployed work-
ers essentially behave in a hand-to-mouth way. As a result, we only
need to track total employment in the economy.

The key departure from a standard representative agent model
is that, in our setting, savings are valued, as they allow the family to
better insure its members against the consumption risk from being
unemployed. The presence of this risk alters the Euler equation(s)
of the model. The trade-off characterizing the choice of savings by
an employed household at the margin is given by the following:

ct(b, 0)−σ = βEt+1|t
Rt

πt+1

[
(1 − λ(1 − ft+1))ct+1(b̂t, 0)−σ

+ λ(1 − ft+1)ct+1(b̂t, 1)−σ
]
.

Assume that overall savings are low enough that ct+1(b̂t, 1) <

ct+1(b̂t, 0)—i.e., that consumption of the newly unemployed worker
is lower than the worker who remains employed. Then, everything
else being the same, a fall in the expected job-finding rate increases
the value of the right-hand side of the equation. As a result, today’s
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consumption has to fall to allow the equation to continue to hold,
putting downward pressure on aggregate demand and amplifying the
original shock. The more savings households have, the smaller the
gap in consumption will be between the two labor market states—
and therefore the smaller the push from a fall in expected job-
finding rates on today’s consumption and, as a result, the lesser the
amplification. Thus, higher (excess) savings lead to a weaker output
response to any shock and, through the Phillips curve implied by our
intermediate goods producers, a weaker inflation response. Now, in
the model, wages, taxes, profits, and interest rates will also change,
which could possibly dampen the amplification we just described.
Therefore, to gauge if we actually generate a quantitative difference
in magnitudes, we calibrate and simulate our model for different
savings levels.

4.9 Calibration and Simulation Results

A period in the model is a quarter. We pick parameters with typi-
cal targets in the literature in mind and calibrate the steady state
around which we linearize. We target a real annualized rate of 2 per-
cent and an inflation rate of 2 percent. Unemployment is 5 percent
and we assume a job-finding rate of 80 percent. We set λ and the
scale of the matching function to achieve the latter target in concert
with our other parameters. We assume a curvature of the matching
function of αM = 0.5. For simplicity we set the borrowing constraint
equal to zero and set government bonds equal to 5 percent of out-
put.13 Risk aversion σ is 1 and we choose the household’s β to be
consistent with our real rate target. We normalize Z̄ so that out-
put is 1 in the steady state and choose φw = 0.5 to have some real
wage rigidity. We set ν = 3, a high value in the New Keynesian
literature, but one that allows us to obtain a plausible labor share
while also having a low ratio of job posting cost to GDP, in line
with the literature.14 We target a labor share of 66 percent given

13The latter choice was made for numerical convenience. It is meant to capture
the low liquid savings levels of the median household, not the overall stock of
government debt.

14This value is at the lower end of the estimates in the literature and, in our
simple setting, has to absorb parts of the absence of capital, investment, and the
return to it.
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Figure 6. Model Response to a Contractionary
50 Basis Point Monetary Policy Shock

Note: The black line denotes the response under our baseline calibration, while
the blue line shows the response when savings as a share of annual GDP are 5
percent higher. Policy rate and inflation responses are annualized.

the other targets in steady state, and χ is set equal to 50 percent of
the resulting steady-state wages. We set Φπ such that the slope of
the linearized Phillips curve is the same as in a Calvo model with
prices lasting, on average, for a year. Finally, we choose φR = 0.8
and φπ = 1.1.15

The impulse responses in Figure 6 show the impulse response to
a monetary policy shock that increases the policy rate on impact

151.1 is a low response to inflation in a Taylor rule. It has the advantage that
the interest rate paths after a monetary policy shock are roughly the same under
different levels of savings, making the comparisons more straightforward. The
results would be similar if we allowed for a stronger response but adjusted shocks
to generate similar realized paths of the nominal rate.
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by 50 basis points (annualized). Inflation and the job-finding rate
fall, while unemployment rises on impact. All variables then con-
verge back to normal after roughly two years. The red line shows the
results if we recalibrate our model to have 5 percent higher bonds
relative to annual GDP in the steady state.16 As we can see, the
impact responses of inflation, unemployment, and the job finding
rate are roughly halved, demonstrating that consumption insurance
against unemployment risk provides a plausible interpretation of our
results. In a representative agent model, in which Ricardian equiva-
lence would hold and idiosyncratic risk would be fully insured, the
increase in savings would be instead inconsequential.17

5. Conclusion

Monetary policy effectiveness likely depends on the strength of
household balance sheets. In this paper, we show that excess savings
are a useful way to capture this strength or weakness at the business
cycle frequency. In the context of the euro area, we find that mon-
etary policy is weaker during periods of higher excess savings. Our
finding holds for real and nominal outcomes alike. We rationalize our
results with a New Keynesian model in which households value sav-
ings to better insure against consumption risk. Through the lens of
this model, a high-savings economy is less sensitive to monetary pol-
icy shocks than an economy with lower savings, as better insurance
leads to a smaller rise in individual consumption risk in contractions.
Our findings imply that central banks should track excess savings

16We recalibrate the steady state in this case by assuming that the central bank
adjusts its nominal target to be consistent with the induced rise in the real rate.
While the consumption gap between unemployed and employed workers falls, in
line with our discussion under intuition, the induced rise in the real rate leads to
a small fall in steady-state employment and job-finding rates, but not enough to
overturn the improved insurance from higher savings.

17To keep the model and discussion simple, we did not include the type of
frictions in the model that would generate the more hump-shaped and persistent
dynamics typically found in the literature. We do not expect them to inter-
fere with our main conclusions. If anything, the higher persistence and gradual
buildup could amplify our channel because it works through expectations about
economic conditions.
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and household balance sheets more generally at a high-enough fre-
quency to gauge the strength of the monetary transmission channel
and fine-tune policy decisions.

Appendix A. Additional Data Description

In this section, we elaborate on the savings data used for our empir-
ical analysis and our method for measuring stocks of excess savings.

A.1 Savings Data

We collect quarterly household consumption and savings data for
each economy in our analysis from national accounts data. Our defi-
nition of savings is gross household savings, which are the sum of net
household savings and consumption of fixed capital. We define gross
nominal household disposable income as the sum of gross house-
hold savings and final household consumption. The gross household
savings rate is then defined as the following:

Savings rate =
Gross household savings

Gross household disposable income
.

We follow this approach for all countries except Germany.
Because of the lack of data on household consumption of fixed cap-
ital, we use a net savings concept for Germany where we define its
savings rate as the share of net household savings in net household
disposable income. Figure A.1 plots the raw savings rates across the
economies in our analysis.

A.2 Measuring Excess Savings

Following de Soyres, Moore, and Ortiz (2023), we extract a time-
varying trend from the savings rate for each country by utilizing the
time-series filter proposed in Hamilton (2018). More specifically, for
each country we run the following regression of the savings rate on
its lags:

Savings ratet+8 = β0 + β1Savings ratet + β2Savings ratet−1

+ β3Savings ratet−2 + β4Savings ratet−3 + ut+8.
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Figure A.1. Country-Level Savings Rates

Note: Figure A.1 plots the time series of country-level aggregate savings rates
used to estimate stock of excess savings.

The residual, ut+8, is our estimate of the deviation of the savings
rate from its trend. As stated in the text, we scale this residual by
disposable income to obtain a measure, in euros, of the flow of excess
savings. We then sum these flows over time to obtain a time-varying
measure of the stock of excess savings. We normalize this stock by
nominal GDP at each point in time.

Note that for our monthly regressions we specify the one-quarter
lag of excess savings as the conditioning variable.

Appendix B. Robustness Results

B.1 ECB Monetary Policy Shock Predictability

To determine whether our monetary policy shocks, which apply the
Bu, Rogers, and Wu (2021) approach to the euro area, are pre-
dictable using information about the state of the economy, we run
the following regression,

shockt = α + X′
tβ + εt, (B.1)



26 International Journal of Central Banking Forthcoming

Table B.1. ECB Monetary Policy Shock
Predictability Regressions

Monetary Policy Monetary Policy
Shock Shock
(1) (2)

Citi Surprise Index 0.000549 0.000543
(0.00357) (0.00358)

Change in Composite –0.0166 –0.0184
PMI (0.0727) (0.0738)

Change in Consumer 0.000350 0.000349
Sentiment (0.000464) (0.000465)

Two-Quarter-Ahead 0.000140 0.000156
GDP Growth (SPF) (0.00148) (0.00153)

Scotti Index –0.00282 –0.00276
(0.00622) (0.00625)

COVID Dummy 0.00258
(0.00520)

Observations 174 174
R-squared 0.0128 0.0130

Note: Newey-West standard errors are reported in parentheses. + denotes 10 percent
significance, ** denotes 5 percent significance, and *** denotes 1 percent significance.

where X is a matrix of news variables which includes the Citi
economic activity surprise index, the one-month change in the
composite PMI (purchasing managers index) for the euro area, the
one-month change in consumer sentiment, the two-quarter-ahead
forecast of GDP growth from the European Survey of Professional
Forecasters (SPF), and the Scotti index of business activity (Scotti
2016). We specify one lag of these variables to ensure that the regres-
sors reflect information available at the time of each ECB meeting
and not a reaction to the results of the meeting.

Table B.1 reports the estimated coefficients of regression (B.1).
Based on column 1 we do not find any evidence that the ECB mon-
etary policy shocks are predictable on the basis of economic news
and expectations. Column 2 reestimates regression (B.1) with an
additional control that accounts for COVID. The COVID dummy is
set equal to 1 from March 2020 through December 2021. Explicitly
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accounting for COVID by specifying the COVID dummy does not
change our conclusions.

B.2 Excess Savings Dampen Monetary Policy
Effects on Other Measures of Economic Activity

In this section, we document that excess savings dampen the effects
of monetary policy on two additional measures of economic activ-
ity: real aggregate consumption and industrial production. To show
this, we estimate local projections (3) at the quarterly frequency for
consumption and the monthly frequency for industrial production,
using the percent change in the level of the dependent variable:

Yi,t+h|t−1 = 100 × Yi,t+h − Yi,t−1

Yi,t−1
,

with Yi,t representing consumption and industrial production for
economy i at quarter t.

The results are reported in Figures B.1 and B.2. Based on panel
A of Figure B.1, we find that a contractionary monetary policy shock
reduces real consumption by 1 percent. The decline in consumption,
however, is muted when the stock of excess savings is 1 percentage
point above the historical average, as shown in panel B of Figure B.1.
While, in the absence of excess savings, real consumption falls by
nearly 1 percent, panel C of Figure B.1 shows that when excess sav-
ings are set equal to their 2023:Q1 level, consumption only declines
by about 0.6 percent. Panels A–C of Figure B.2 show qualitatively
similar results for industrial production.

B.3 Controlling for COVID Effects

We check whether time-specific changes around COVID drive our
results by adding two additional controls to our regression specifica-
tion: (i) a COVID dummy variable covering March 2020 to Decem-
ber 2021 and (ii) an interaction between the COVID dummy variable
and the monetary policy shock. As can be seen from Figures B.3 and
B.4, our results do not change much when we specify the COVID
dummy and its interaction with the monetary policy shock. This
could be partly due to the fact that we already control for some
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Figure B.1. Effect of a Contractionary Monetary
Policy Shock on Euro-Area Consumption

Note: Figure B.1 plots the response of consumption to a monetary policy policy
shock normalized to increase two-year rates by 50 basis points. Panel A plots the
unconditional effect, βh

1 , from local projections (3), while panel B plots the effect
conditional on the level of excess savings, βh

2 . Panel C plots the total effect under
two different scenarios: (i) when excess savings are equal to 0 (i.e., βh

1 ) and (ii)
when excess savings are set equal to their 2023:Q1 level based on an average of the
countries in our sample. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

state-dependent effects with GDP growth and its interaction with
the monetary policy shock.

B.4 Controlling for Bank Balance Sheet Strength

To explore the robustness of our baseline results to bank balance
sheet strength, we reestimate our local projections three times using
different proxies for bank balance sheet strength: (i) loan-to-deposit
ratios, (ii) a measure of the cyclical component of credit to GDP,
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Figure B.2. Effect of Tightening Monetary Policy
Shock on Euro-Area Industrial Production

Note: Figure B.2 plots the response of industrial production to a monetary pol-
icy shock normalized to increase two-year rates by 50 basis points. Panel A plots
the unconditional effect, βh

1 , from local projections (3), while panel B plots the
effect conditional on the level of excess savings, βh

2 . Panel C plots the total effect
under two different scenarios: (i) when excess savings are equal to 0 (i.e., βh

1 ) and
(ii) when excess savings are set equal to their 2023:Q1 level based on an aver-
age of the countries in our sample. The shaded area reflects the 68 percent and
90 percent confidence intervals using standard errors from Driscoll and Kraay
(1998).

the credit-to-GDP gap, and (iii) bank capital to total assets. A
high loan-to-deposit ratio can reflect liquidity risk. Furthermore, the
credit-to-GDP gap is regarded as an important variable for banking
supervision.18 Finally, we use bank capital to total assets as another
measure of balance sheet strength.19

18This variable is frequently used in banking supervision to determine the state
of the credit cycle—see, for example, Shin (2013), Drehmann and Tsatsaronis
(2014), and Bassett et al. (2015). We obtain it by HP-filtering the credit-to-GDP
ratio with a smoothing parameter of 400,000.

19Ideally, we would have used tier 1 capital ratios, a common measure of bal-
ance sheet strength. However, this variable is unfortunately only available from
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Figure B.3. Effect of Contractionary Monetary Policy
Shock on Unemployment Rate, Controlling for COVID

Note: Figure B.3 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

Figure B.4. Effect of Tightening Monetary Policy
Shock on Inflation, Controlling for COVID

Note: Figure B.4 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

2014 onward at the required frequency. Therefore, using it as a control consid-
erably shortens the time dimension of our panel, reducing statistical power. The
three proxies that we use, on the other hand, have longer histories.
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Figure B.5. Effect of Contractionary Monetary
Policy Shock on Unemployment Rate,
Controlling for Loan-to-Deposit Ratios

Note: Figure B.5 depicts the response of the unemployment rate to a mone-
tary policy shock normalized to increase two-year rates by 50 basis points. Panel
A plots the unconditional effect while panel B plots the effect conditional on
the level of excess savings. The shaded area reflects 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

Figure B.6. Effect of Contractionary Monetary Policy
Shock on Inflation, Controlling for Loan-to-Deposit Ratios

Note: Figure B.6 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay.

In each of the new regressions, we include lags of the respective
balance sheet variable as well as its interaction with the monetary
policy shock. Figures B.5 and B.6 plot the results that control for
loan-to-deposit ratios. Figures B.7 and B.8 plot the results that
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Figure B.7. Effect of Contractionary Monetary
Policy Shock on Unemployment Rate,
Controlling for Credit-to-GDP Gap

Note: Figure B.7 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

Figure B.8. Effect of Contractionary Monetary Policy
Shock on Inflation, Controlling for Credit-to-GDP Gap

Note: Figure B.8 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

control for the credit-to-GDP gap. Figures B.9 and B.10 plot the
results that control for bank capital to total assets. Overall, we find
that our results are robust to the inclusion of these different bank
balance sheet controls.
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Figure B.9. Effect of Contractionary Monetary
Policy Shock on Unemployment Rate,
Controlling for Bank Capital to Assets

Note: Figure B.9 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).

Figure B.10. Effect of Contractionary Monetary
Policy Shock on Inflation, Controlling for

Bank Capital to Assets

Note: Figure B.10 depicts the response of the unemployment rate to a monetary
policy shock normalized to increase two-year rates by 50 basis points. Panel A
plots the unconditional effect while panel B plots the effect conditional on the
level of excess savings. The shaded area reflects the 68 percent and 90 percent
confidence intervals using standard errors from Driscoll and Kraay (1998).
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