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Budget-neutral tax wedge reductions rank high in the pol-
icy agenda of several EMU member states. Using a New Key-
nesian DSGE model of a monetary union with a search-and-
matching market structure and a fiscal bloc containing a wide
range of taxes and disaggregated government spending, we
evaluate the macroeconomic and welfare effects of reducing the
firms’ and workers’ labor tax rates under alternative financ-
ing instruments. Overall, a tax wedge reduction is beneficial in
terms of both welfare and output. While financing the labor tax
wedge reduction by an increase in consumption taxation yields
most favorable output effects, financing it by a reduction in
government spending is more welfare enhancing, as the latter
does not imply a policy-induced increase in private consump-
tion costs. We also show that, when there exists an extensive
and intensive labor margin, a reduction in the workers’ and
not the firms’ burden can be most beneficial.

JEL Codes: H2, J6, E32, E62.

∗The authors thank Othman Bouabdallah, Giovanni Callegari, Francesco
Drudi, Doug Hamilton, Mathias Hoffmann, Christophe Kamps, Ralph Lütticke,
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1. Introduction

In most euro-area countries, the tax wedge on labor income is large
relative to international standards (European Commission 2014).
Since 2011, the European Commission’s country-specific recommen-
dations include calls for reducing the tax wedge. In July 2014, the
Eurogroup identified lowering labor taxes as a top policy priority.
Moreover, given the lack of fiscal space in many member countries,
it was recommended that such reforms should be implemented in a
budget-neutral way. The issue is again addressed in a recent publi-
cation (European Commission 2016). Furthermore, given the weak
labor market performance in the aftermath of the crisis and the fact
that, within the euro zone, about 18 million people are unemployed
(yielding an average unemployment rate of 11 percent),1 it is even
claimed that “the crisis will only be over when unemployment falls to
socially sustainable levels” and that “jobs fail to be created . . . not
because of the ‘lack of demand’ as often claimed, but mainly because
wage costs are high relative to productivity [and] social insurance
and tax burdens are heavy” (Thimann 2015).

This paper analyzes the macroeconomic and welfare effects of a
budget-neutral reduction in the labor tax wedge. We use a macro-
economic New Keynesian dynamic stochastic general equilibrium
(DSGE) model of a monetary union with a search-and-matching
labor market and a fiscal bloc containing a wide range of taxes and
government spending. The model-based framework allows analysis
of the issue at hand from different angles. First, we explore how dif-
ferent ways of achieving budget neutrality (e.g., higher consumption
taxes versus lower government spending or employment) affect the
economy. Second, we assess whether cutting social security contri-
butions or personal income taxes matters for these effects, especially
in the presence of an intensive labor margin on top of the extensive
one. Finally, we test for the role of country-specific characteristics
(e.g., trade openness, overall labor market efficiency, and country
size).

1See http://ec.europa.eu/eurostat/statistics-explained/index.php/Unemploy
ment statistics# Unemployment trends.
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To the best of our knowledge, this is the first paper to model the
effects of a budget-neutral reduction in the labor tax wedge in the
context of a search-and-matching labor market including an exten-
sive (i.e., whether to hire a new worker or not) and intensive (i.e.,
deciding how many hours to work) labor adjustment margin. This
labor market structure allows for a better understanding of how cuts
in social security contributions or personal income taxes affect labor
demand and supply, along with the role of structural labor market
features (for example, the bargaining process).

A budget-neutral reduction in the labor tax wedge is found to
have positive macroeconomic effects. The larger gains are associated
with a fiscal devaluation—that is, a cut in the tax wedge financed by
an increase in consumption taxes as defined in Engler et al. (2017)2—
as opposed to a reduction in government purchases as a means to
finance a lower tax wedge. This is because in our model government
purchases contain a full home bias, while part of private demand
is spent on imported goods. Hence, the increase in private demand
stemming from a higher net labor income cannot fully compensate
for the decline in aggregate demand (caused by the cut in govern-
ment purchases). Findings are reversed in terms of households’ wel-
fare. Unlike a fiscal devaluation, decreasing public purchases does
not depress private consumption via the policy-induced increase in
consumption costs.

When an intensive labor margin is included in the model (i.e.,
firms and workers bargain over both wages and hours), financing a
tax wedge cut via lower income taxes yields higher output gains than
cutting firms’ social security contributions. The reason is that lower
income taxes immediately translate into higher net wages, hence

2In a strict sense, fiscal devaluation is defined as an intended nominal devalu-
ation that can be robustly replicated with a small set of fiscal instruments: lower
labor income taxes financed by a higher value-added tax (VAT) rate, where there
is a sequence of taxes that replicates a sequence of nominal exchange rates while
leaving the labor tax wedge constant (see Farhi, Gopinath, and Itskhoki 2014
and Kaufmann 2016). The literature, which we discuss in more detail below,
however, also defines a permanent shift from labor income taxes to consumption
taxes, where the latter is typically used as a proxy for VAT in New Keynesian
models, as fiscal devaluation. We follow this definition in the paper. Also consid-
ering the similarities between a VAT and a generic consumption tax, qualitatively
our results should be unaffected by this choice.



4 International Journal of Central Banking October 2019

generating a higher disposable income. Firms, on their side, have
an incentive to adjust labor input via the intensive margin rather
than hiring new workers, as they save on search costs. Hiring new
workers becomes more attractive when firms’ tax burden is reduced
(i.e., the cut in the tax wedge is implemented via lower social secu-
rity contributions). In this case, the increase in workers’ net wage
income is relatively lower, as it is only indirectly affected by the
measure. Workers are then less willing to supply more hours of work,
which firms partly compensate for by increasing job creation. The
additional search costs lead to a smaller increase in available net
income so that the increase in private consumption is smaller than
a reduction in the personal income tax. It should be noted that in
the absence of an intensive labor margin (i.e., when hours worked
are kept at the initial steady-state value), our model predicts that a
cut in social security contributions yields higher output gains than
a cut in the personal income tax, as the direct reduction in labor
costs leads to a stronger fall in unemployment.

We find that country-specific characteristics matter for the model
results in quantitative terms, but not qualitatively. Furthermore,
spillovers to the rest of the euro area are positive, small, and depend
on country size.

The rest of the paper is organized as follows. In section 2, we dis-
cuss related literature. Section 3 describes the model and its calibra-
tion. In section 4, we present the simulation design, while section 5
discusses the results. A welfare assessment can be found in section 6.
Section 7 concludes.

2. Related Literature

The impact of taxes on the labor market has been addressed from
several angles in the economic literature. Empirical macroeconomic
studies mostly use aggregate data and perform cross-country com-
parisons and, in line with microeconomic theory (see Meghir and
Phillips 2010, and Keane 2011), they usually find harmful effects
of tax wedges on employment (e.g., Daveri and Tabellini 2000, and
Bassanini and Duval 2006). By calibrating a simple labor supply
model to the features of the United States and the main European
economies, Prescott (2004) finds that the differences in aggregated
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hours of work across the Atlantic are primarily driven by observed
discrepancies in marginal effective tax rates.3

Coenen, McAdam, and Straub (2008) analyze Prescott’s insight
through the lenses of a DSGE model. They find that reducing Euro-
pean tax wedges to levels comparable to the ones prevailing in the
United States would increase the number of total hours worked by
about 10 percent and significantly boost GDP in the long run. Ohan-
ian, Raffo, and Rogerson (2008), using the framework of a neoclas-
sical growth model calibrated to the economies of OECD countries
over 1956–2004, also find that changes in tax rates explain most of
the variability in worked hours across countries and through time.

Reductions in the labor tax wedge financed by higher consump-
tion taxation have recently also been discussed with a focus on
international competitiveness, often referred to as fiscal devaluation.
Farhi, Gopinath, and Itskhoki (2014) provide a formal analysis of fis-
cal devaluations in a New Keynesian open economy DSGE model.
They find that an intended nominal devaluation can be robustly
replicated with a small set of fiscal instruments (namely labor income
and consumption taxes). However, their contribution also shows that
one should not over-estimate fiscal devaluation as a policy tool, as
it may require substantial changes in tax rates. For example, a 10
percent nominal devaluation in Spain would require an increase of
VAT taxes of as much as 7.6 percentage points.

Gadatsch, Stähler, and Weigert (2016) show that Germany’s fis-
cal devaluation from 1999 to 2003 (generating a decrease in effective
labor taxation by about 2 percentage points) improved GDP by
only about one-quarter percentage point. Similarly, Lipinska and
von Thadden (2009) show in a two-country DSGE model with a
Walrasian labor market without matching frictions that fiscal deval-
uations generate only small quantitative effects. Stähler and Thomas
(2012) and Boscá, Doménech, and Ferri (2013) show positive effects
of fiscal devaluation in Spain. The positive effect of a fiscal deval-
uation is also confirmed by Gomes, Jacquinot, and Pisani (2016),

3This paper spurred a long series of reactions. Alesina, Glaeser, and Sacer-
dote (2006) present a critical evaluation of Prescott’s argument. Even though
the authors recognize the importance of taxes, they consider other labor mar-
ket institutions more relevant. Empirically, Nickell, Nunziata, and Ochel (2005)
discuss this issue for OECD countries.
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who include Portugal in their analysis, and CPB (2013), the lat-
ter using country-specific general equilibrium models for four euro-
area countries. Using the multi-country version of the Commission’s
QUEST model, the European Commission (2013) shows that fis-
cal devaluation mildly affects GDP positively already in the short
to medium run, and can indeed significantly increase GDP in the
long run. They also compare targeted tax reductions for differently
skilled workers and find that cutting labor income tax rates for low-
skilled (and, therefore, low-wage-earning) workers further augments
GDP improvements because these workers exhibit a higher labor
supply elasticity. Langot, Patureau, and Sopraseuth (2014) also find
beneficial effects of fiscal devaluation in a model-based analysis for
France.

The existing literature on fiscal devaluation usually focuses on
one type of fiscal devaluation, i.e., either a reduction in employ-
ees’ labor taxation or a reduction in employers’ social security con-
tribution. Notable exceptions are Burgert and Roeger (2014) and
Engler et al. (2017). Engler et al. (2017) show that if only employers’
social security contributions are decreased (instead of employees’ and
employers’ contributions or labor taxes per se as done in the similar
model by Lipinska and von Thadden 2009), the expected effects can
be somewhat larger, which they attribute to higher competitiveness
gains. Burgert and Roeger (2014) assess the efficiency of both types
of fiscal devaluation using the European Commission’s QUEST III
model. They conclude that the long-run effects are identical in both
scenarios; only the short-term efficiency is higher if employees’ labor
taxes are reduced. To our knowledge, there are no studies simulating
fiscal devaluations with DSGE models that simultaneously incorpo-
rate a search-and-matching labor market and an intensive and an
extensive labor adjustment margin, as we have in this study. The
search-and-matching labor market together with two labor adjust-
ment margins explains why there is a difference between cutting
personal labor income tax or social security contribution rates pri-
marily through the bargaining process. Our paper shows that, when
ignoring the hours margin, a cut in social security contributions dom-
inates a cut in the personal labor income tax rate, in line with the
argumentation of Engler et al. (2017). The opposite holds when tak-
ing into account the hours margin, which is a result of the stronger
increase in available net labor income and a positive wealth effect.
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Distributional effects of fiscal devaluation have not gained much
attention in the theoretical literature so far. In a micro-simulation
study, CPB (2013) and Picos-Sánchez and Thomas (2015) find that
fiscal devaluation tends to be regressive. This is confirmed by Burg-
ert and Roeger (2014), especially in a situation in which transfer
income recipients are not compensated for the increase in consump-
tion taxes. The CPB (2013) qualifies, however, that if the cuts to
social security contributions are targeted to low-income earners, a
fiscal devaluation becomes progressive.

3. The Economic Environment

This section first describes the model used in the analysis and then
turns to its calibration.

3.1 The Model

Overall, the model is quite a prototypical New Keynesian DSGE
model in line with Smets and Wouters (2003, 2007), Christiano,
Eichenbaum, and Evans (2005), Christoffel et al. (2009), and Boscá,
Doménech, and Ferri (2011) and closely related to Stähler and
Thomas (2012). It features a two-country monetary union struc-
ture. The integration of a labor market with search characteristics,
based on Pissarides (2000), allows the inclusion of involuntary unem-
ployment. We also introduce an intensive margin of labor supply in
the model, meaning that labor supply and demand are fully flexible
in number of hours. Furthermore, the model also contains a com-
prehensive public sector. The latter two elements make the model
particularly well suited for the purpose of our analysis.

For what follows, we normalize population size of the entire Euro-
pean monetary union to unity, of which ω ∈ (0, 1) live in Home
(labeled as the periphery), while the remaining (1 − ω) live in the
rest of the EMU (labeled as the core). Throughout the formal model
description, quantity variables will be expressed in per capita terms,
unless otherwise indicated. Both regions are modeled analogously,
while we allow structural parameters to differ. Hence, we restrict
ourselves to explaining in detail only the home country. If the explicit
description of the foreign country is necessary, we use asterisks to
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denote decisions made by the corresponding foreign agents as well
as the structural parameters.

3.1.1 Households

As in Gaĺı, Lopez-Salido, and Vallés (2007), each country is popu-
lated by a share (1 − μ) of Ricardian households who have access to
capital markets and, therefore, substitute consumption intertempo-
rally (optimizers). The remaining share μ ∈ [0, 1) is considered to be
liquidity constrained in the sense that they consume all their labor
income in each period (“rule-of-thumb,” or RoT, household). Each
type of household at time t = 0 maximizes

Wi
0 = E0

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

∞∑
t=0

βt ·
((

ci
t − h · ci

t−1
)1−σc

1 − σc
− κh ·

(
ni,p

t · li,pt

1+σh

1 + σh
+ ni,g

t · li,gt

1+σh

1 + σh

))
︸ ︷︷ ︸

= U(ci,li,p,li,g)

⎫⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎭

,

(1)

where Et is the expectations operator conditional on time-t informa-
tion, ci

t denotes household consumption of final goods, and the super-
scripts i = o, r denote optimizing and RoT households, respectively.
h denotes the degree of habit formation in consumption.

Inside each household, its members may be employed in the pub-
lic sector (denoted by ni,g

t ), employed in the private sector (denoted
by ni,p

t ), or unemployed (denoted by ui
t), with n expressed in terms

of number of hours worked. Households face disutility of providing
hours worked, li,pt or li,gt , once employed in one of the two sectors.
Disutility increases in the number of hours worked, where κh is a
scaling parameter and σh a shape parameter of the disutility func-
tion. As becomes clear below, we will assume full consumption insur-
ance within each household type as in Merz (1995) or Andolfatto
(1996).

Households in both countries trade consumption and investment
goods as well as international nominal bonds. The consumption and
investment baskets, ci

t and Io
t , respectively, of a household of type i

(only type o for investment) in the home country are given by

xi
t =

(
xi

At

ϑ

)ϑ (
xi

Bt

1 − ϑ

)1−ϑ

,
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with xi
t =

{
ci
t, I

o
t

}
, where ci

At, Io
At and ci

Bt, Io
Bt represent consump-

tion/investment demand of goods produced in Home (country A)
and Foreign (region B), respectively, and ϑ = ω + ψ measures
the preference for region-A goods, where ψ is a parameter cap-
turing the degree of home bias in private consumption/investment.
Note that ϑ∗ = ω − ψ∗. From now onwards, let pBt ≡ PBt/PAt

denote the terms of trade, where PAt and PBt are the producer price
indexes (PPIs) in countries A and B, respectively. Cost minimiza-
tion by the household then implies xi

At/xi
Bt = (ϑ) / (1 − ϑ) · pBt.

Nominal expenditure in consumption and investment goods equal
PAtc

i
At + PBtc

i
Bt = Ptc

i
t and PAtI

o
At + PBtI

o
Bt = PtI

o
t , respec-

tively, where Pt = (PAt)
ϑ (PBt)

1−ϑ is the corresponding consumer
price index (CPI). Notice that Pt = PAt · p1−ϑ

Bt . Foreign-country
CPI is analogously given by P ∗

t = Pϑ∗

At P 1−ϑ∗

Bt = PBt (1/pBt)
ϑ∗

.
Therefore, CPI inflation, πt ≡ Pt/Pt−1, evolves according to πt =
πAt (pBt/pBt−1)

1−ϑ, where πAt ≡ PAt/PAt−1 is PPI inflation in
country A.

Each household’s real labor income (gross of taxes) is given by
wp

t ni,p
t li,pt + wg

t ni,g
t li,gt , where wp

t is the hourly real wage paid in the
private sector (to be derived later) and wg

t is the hourly real wage
of the government sector. The labor income tax rate is denoted by
τw
t . Household members who are unemployed receive unemployment

benefits κB
t . τ c

t denotes the consumption tax rate and T i are con-
stant steady-state lump-sum taxes (or, if negative, subsidies) the
different household types have to pay (receive) in steady state.

Optimizing households can further invest in physical capital,
domestic government bonds, or international assets. Investments in
physical capital ko

t earn a real rental rate rk
t , while the capital depre-

ciates at rate δk. Returns on physical capital net of depreciation
allowances are taxed at rate τk

t . Nominal government bonds Bo
t pay

a gross nominal interest rate Rt. Finally, Do
t denote holdings of inter-

national nominal bonds, which pay the gross nominal interest rate
Recb

t .4 Πo
t are nominal per capita profits generated by firms net of

vacancy posting costs. We assume that all firms are owned by the

4In order to ensure stationarity of international bond holdings, we follow
Schmitt-Grohé and Uribe (2003) and assume that there exist portfolio adjust-
ment costs of the form ψd/2

(
dt − d̄

)2, with ψd > 0 and dt ≡ Dt/Pt. We assume
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optimizing households and that profits are redistributed in a lump-
sum manner. Summarizing, the optimizers’ period-budget constraint
in real terms is

(1 + τ c)co
t + Io

t +
Bo

t + Do
t

Pt
+ T o

=
Πo

t

Pt
+
(
(1 − τk)rk

t + τkδk
)
ko

t−1

+
Rt−1B

o
t−1

Pt
+

Recb
t−1D

o
t−1

Pt
− ψd

2
·
(

Do
t

Pt
− D̄o

P̄

)2

+ (1 − τw) (wp
t no,p

t lo,p
t + wg

t no,g
t lo,g

t ) + uo
tκ

B
t , (2)

while the one for RoT consumers is given by

(1 + τ c)cr
t + T r = (1 − τw) (wp

t nr,p
t lr,pt + wg

t nr,g
t lr,gt ) + ur

tκ
B
t . (3)

Taking into account that RoT households do not own physical cap-
ital, the capital law of motion is given by ko

t = (1 − δk)ko
t−1 +[

1 − S
(
Io
t /Io

t−1
)]

Io
t , where S

(
Io
t /Io

t−1
)

= κI

2

(
Io
t /Io

t−1 − 1
)2 repre-

sents investment adjustment costs (see Christiano, Eichenbaum, and
Evans 2005 for discussion). Maximizing (1) subject to the budget
constraint and the capital law of motion yields standard first-order
conditions for optimizing households.

3.1.2 Production

The retail and intermediate goods sectors of the economy are similar
to Smets and Wouters (2003, 2007) or Christiano, Eichenbaum, and
Evans (2005), with the exception that labor services are not hired
directly from the households but from a sector of firms that pro-
duce homogenous labor services in the manner of Christoffel et al.
(2009), de Walque et al. (2009), Boscá, Doménech, and Ferri (2011),
or Stähler and Thomas (2012).

Final Goods Producer. There is a measure-ω continuum of
firms in the final goods sector, in which firms purchase a variety of

for simplicity that trading in domestic government and in international bonds is
not taxed.
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differentiated intermediate goods and bundle these into a final good,
which is sold under perfect competition. Assuming that the law of
one price holds within the union, the price of the home country’s
final good is the same in both countries, equal to PAt. The prob-
lem of the representative retail firm reads max{ỹt(j):j∈[0,ω]} PAtYt −∫ ω

0 PAt(j)ỹt(j)dj, where Yt =
(∫ ω

0

( 1
ω

)1/ε
ỹt(j)(ε−1)/εdj

)ε/(ε−1)
with

ε > 1 is the retailer’s production function, ỹt(j) is the retailer’s
demand for each differentiated input j ∈ [0, ω], and PAt(j) is the
nominal price of each input. The standard first-order condition for
the problem is given by ỹt(j) = (PAt(j)/PAt)

−ε Yt

ω . Combining the
latter with the retailer’s production function and the zero-profit con-
dition, we obtain that the producer price index in the home country
must equal PAt =

(∫ ω

0
1
ωPAt(j)1−εdj

)1/(1−ε)
. Total demand for each

intermediate input equals ωỹt(j) ≡ yt(j) =
(

PAt(j)
PAt

)−ε

Yt, as there
are ω retail firms.

Intermediate Goods. Each intermediate goods producer j ∈
[0, ω] faces the technology

yt(j) = εa ·
[
k̃t(j)

]α

·
[

˜labt(j)
](1−α)

, (4)

where α ∈ [0, 1] is the elasticity of output with respect to capi-
tal, ˜labt(j) denotes the demand for effective labor services, k̃t(j)
is the demand for effective capital, and εa is total factor produc-
tivity. Following Coenen, Straub, and Trabandt (2013), we assume
that effective capital is a constant elasticity of substitution (CES)
composite given by

k̃t(j) =
(

α
1
vk

k

(
kp

t−1(j)
) vk−1

vk + (1 − αk)
1
vk

(
kg

t−1

) vk−1
vk

) vk
vk−1

,

where kg
t−1 is the public capital stock available in period t, which

is determined by government investment. It is assumed to be pro-
ductivity enhancing, where αk ∈ (0, 1] is a share parameter, and the
parameter vk denotes the elasticity of substitution between private
capital services and the public capital stock (see also Pappa 2009
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and Leeper, Walker, and Yang 2010 for discussion). An analogous
aggregator is given for public employment,

˜labt(j) =
(

α
1
vg
g (Np

t (j) hp
t (j))

vg−1
vg + (1 − αg)

1
vg (Ng

t hg
t )

vg−1
vg

) vg
vg−1

,

following Fernández-de-Cordoba, Pérez, and Torres (2012).
Intermediate goods firms acquire private labor and capital ser-

vices in perfectly competitive factor markets at real (CPI-deflated)
prices xt and rk

t , respectively. Cost minimization subject to (4)
implies the factor demand conditions for capital and labor rk

t =
mct · α · yt(j)/k̃t(j) · ∂k̃t(j)/∂kp

t−1(j) and xt = mct · (1 − α) ·
yt(j)/ ˜labt(j) ·∂ ˜labt(j)/∂Np

t (j), where mct is the real (CPI-deflated)
marginal cost common to all intermediate good producers. The
capital-labor ratios are equalized across firms because of constant
returns to scale in capital and labor and perfectly competitive (pri-
vate) input prices.

As is standard in the literature, intermediate goods firms set
nominal prices à la Calvo (1983). This implies that a randomly
chosen fraction θP ∈ [0, 1) of firms cannot reoptimize their price
in each period. A firm that has the chance to reoptimize its price
in period t maximizes Et

∑∞
z=0 (βθP )z λo

t+z

λo
t

[
PAt(j)
Pt+z

− mct+z

]
yt+z(j)

with respect to the nominal price PAt(j), subject to yt+z(j) =
(PAt(j)/PAt+z)

−ε
Yt+z. λi

t represents the marginal consumption util-
ity of households of type i. The first-order condition is standard
and implies the standard law of motion for the price level, 1 =

θP

(
1

πAt

)1−ε

+ (1 − θP )p̃1−ε
t , where p̃t ≡ P̃At/PAt is the relative

(PPI-deflated) optimal price and P̃At is the optimal price chosen by
all period-t price setters.

3.1.3 The Labor Market

Following Christoffel et al. (2009), de Walque et al. (2009), and
Stähler and Thomas (2012), we assume that labor firms hire work-
ers from the household sector in order to produce homogenous labor
services, which they sell to intermediate goods producers at the per-
fectly competitive price xt. The production function of each labor
firm is linear in the number of hours worked by its employee. With
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Np
t being the fraction of the total labor force employed in the pri-

vate sector and the fact that optimizers and RoTs will work the
same amount of hours (which we show below), the total per capita
supply of labor services is given by Labt = NP

t · lpt . Equilibrium in
the market for labor services requires that ωLabt =

∫ ω

0 labt(j)dj.
Using demand for each intermediate input and the production

function (4) plus the fact that the capital-labor ratio is equalized
across intermediate goods firms, this yields YtDt = εak̃α

t L̃ab
1−α

t ,
where Dt ≡

∫ ω

0 ω−1 (PAt(j)/PAt)
−ε

dj is a measure of price disper-
sion. In what follows, we will specify the matching process, flows in
the labor market, private-sector vacancy creation, the corresponding
wage determination, and labor market participation decisions. Gov-
ernment wages and employment are autonomously chosen by the
fiscal authority (see section 3.1.4).

Matching Process and Labor Market Flows. A household
member can be in one of three states: (i) employed in the pub-
lic sector, (ii) employed in the private sector, or (iii) unemployed.
Unemployment is the residual state in the sense that a worker whose
employment relationship ends flows into unemployment. All unem-
ployed workers search for a job. We assume that searchers are ran-
domly matched to the private or the public sector.

Denoting total sector-specific per capita employment in period t
by Nf

t = (1 − μ)no,f
t + μnr,f

t , where f = p, g stands for private and
government employment, the total economy-wide employment rate
is given by N tot

t = Np
t + Ng

t , and the aggregate unemployment rate
is given by Ut = 1 − N tot

t . Following Blanchard and Gaĺı (2010), we
assume that the hiring round takes place at the beginning of each
period, and that new hires start producing immediately. We also
assume that workers, who are dismissed at the end of period t − 1,
start searching for a new job at the beginning of period t. Therefore,
the pool of searching workers at the beginning of period t is given
by

Ũt = Ut−1 + spNp
t−1 + sgNg

t−1,

where sf , with f = p, g, represents the constant separation rate in
the private (p) and public (g) sector.

The matching process is governed by a standard Cobb-Douglas
aggregate matching function for each sector f = p, g, Mf

t = κf
e ·
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(
Ũt

)ϕf

·
(
vf
t

)(1−ϕf )
, where κf

e > 0 is the sector-specific matching

efficiency parameter, ϕf ∈ (0, 1) the sector-specific matching elastic-
ity, and Mf

t the number of new matches formed in period t resulting
from the total number of searchers and the number of sector-specific
vacancies vf

t . The probability of an unemployed worker finding a job
in sector f can thus be stated as pf

t = Mf
t /Ũt, while the probabil-

ity of filling a vacancy is given by qf
t = Mf

t /vf
t . With the constant

separation rate in each sector, the law of motion for sector-specific
employment rates is therefore given by

Nf
t =

(
1 − sf

)
· Nf

t−1 + pf
t · Ũt. (5)

Thus, employment in sector f today is given by yesterday’s employ-
ment that has not been destroyed plus newly created matches in
that sector.

Asset Values of Jobs, Wage Bargaining, and Job Cre-
ation. As is standard in the literature, we assume that firms and
workers bargain about their share of the overall match surplus to
determine wages and hours. Following Boscá, Doménech, and Ferri
(2009, 2011) and Boscá et al. (2010), we assume that a union, which
takes into account (aggregate) utility of optimizing and RoT house-
holds, undertakes the bargaining. Furthermore, we assume staggered
bargaining of nominal wages similar to Gertler, Sala, and Trigari
(2008). This implies that, each period, a randomly chosen fraction
θw of continuing firms cannot renegotiate wages and hours, while
a fraction θn

w of newly created firms does not bargain either and
is stuck having to pay the previous period’s average nominal wage
for the average hours worked of the previous period. When letting
Jt

(
W̃ p

t

)
be the value function of employment for firms that are

allowed to bargain and Ωt ≡ (1 − μ)Ho,p
t

(
W̃ p

t

)
+ μHr,p

t

(
W̃ p

t

)
that

of the union, where Hi,p
t

(
W̃ p

t

)
is the corresponding household type-i

utility, the Nash problem is given by

max
W̃ p

t ,l̃pt

[Ωt]
ξ
[
Jt

(
W̃ p

t

)]1−ξ

, (6)
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where ξ ∈ [0, 1) is the union’s bargaining power, W̃ p
t denotes

the nominal wage negotiated in period t, and l̃pt denotes the cor-
responding amount of hours worked. The value function of a firm
that renegotiates in that period is given by

Jt

(
W̃ p

t

)
= Et

∞∑
k=0

{
[β · (1 − sp) · θw]k ·

λo
t+k

λo
t

·
[
xt+k − (1 + τ sc

t+k) · W̃ p
t

Pt+k

]
· l̃pt

}
+ (1 − θw)

· Et

∞∑
k=1

{
[β · (1 − sp)]k · θk−1

w ·
λo

t+k

λo
t

· Jt+k

(
W̃ p

t+k

)}
,

where τsc
t is the social security contribution rate. The value of the

firm is the discounted profit flow in those future states in which it is
not allowed to renegotiate plus its continuation value should it have
the chance to reoptimize in the next period. For new jobs where firm
and worker do not bargain, the nominal wage equals last period’s
average nominal wage, W p

t−1, the amount of hours is given by lpt−1,
and the value of the job equals

Jt

(
W p

t−1

)
= Jt

(
W̃ p

t

)
− Et

∞∑
k=0

{
[β · (1 − sp) · θw]k ·

λo
t+k

λo
t

· (1 + τ sc
t+k) ·

W p
t−1 · lpt−1 − W̃ p

t · l̃pt
Pt+k

}
.

Analogously, we can derive how workers value a match surplus. Since
different household types use different stochastic discount factors,5

5Actually, RoT consumers are not allowed to use their wealth to smooth con-
sumption over time. But they can take advantage of the fact that a matching
today may continue in the future, yielding a labor income that affects consump-
tion tomorrow. Therefore, RoT households use the margin that hours and wage
negotiations provide them to improve their lifetime utility by narrowing the gap
in utility with respect to optimizers. In this sense, they compare their intertem-
poral marginal rate of substitution (their “stochastic discount factor”) with the
one of optimizers; see Boscá, Doménech, and Ferri (2011) for a more detailed
discussion.
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we must distinguish between the surplus for an optimizing and a
rule-of-thumb household. For a worker belonging to a type-i house-
hold, the surplus value of a job in a renegotiating firm is given
by

Hi,p
t

(
W̃ p

t

)
= Et

∞∑
k=0

{
[β · (1 − sp) · θw]k ·

λi
t+k

λi
t

·
[
(1 − τw

t+k) · W̃ p
t

Pt+k

· l̃pt − κh · l̃pt
1+σh

(1 + σh)λi
t+k

− Ξi,p
t+k

]}
+ (1 − θw)

· Et

∞∑
k=1

{
[β · (1 − sp)]k · θk−1

w ·
λi

t+k

λi
t

· Hi,p
t+k(W̃ p

t+k)

}
,

for i = o, r, where

Ξi,f
t = κB

t + β(1 − sf )Et
λi

t+1

λi
t

·
{

pg
t+1H

i,g
t+1 + pp

t+1

[
(1 − θn

w)Hi,p
t+1

(
W̃ p

t+1

)
+ θn

wHi,p
t+1 (W p

t )
]}

represents the outside option of a type-i worker employed in sector
f = p, g at time t. The latter is the sum of unemployment benefits,
κB

t , and the expected value of searching for a job in the follow-
ing period, where pf

t+1 is the probability of finding a job in sector
f = p, g. Conditional on landing on a private-sector job (f = p),
the surplus value for the worker is contingent on whether the firm
is allowed to bargain (in which case the worker receives W̃ p

t+1, and
works l̃pt+1 hours) or not (in which case she receives today’s aver-
age wage, W p

t , and works lpt hours). In new jobs where the wage
and hours are not optimally bargained, the surplus value enjoyed by
type-i workers is given by

Hi,p
t

(
W p

t−1

)
= Hi,p

t

(
W̃ p

t

)
+ Et

∞∑
k=0

{
[β · (1 − sp) · θw]k

·
λi

t+k

λi
t

· (1 − τw
t+k) ·

W p
t−1 · lpt−1 − W̃ p

t · l̃pt
Pt+k

}
.
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Note that Hi,g
t denotes the surplus value of a government job for a

type-i worker. As wages and hours there are autonomously set by
the fiscal authority, the asset value function simplifies to

Hi,g
t = (1 − τw

t )wg
t · lgt − Ξi,g

t − κh · lgt
1+σh

1 + σh

+ β(1 − sg)Et

{
λi

t+1

λi
t

· Hi,g
t+1

}
,

where wg
t is the real wage paid by the government and lgt the amount

of hours a worker employed by the government has to work. Given
the asset value functions of firms and workers, we are now in a posi-
tion to solve the wage-bargaining game (6). The resulting sharing
rule is given by

Ωt =
ξ

1 − ξ

·
Et

∑∞
z=0

{(
(1 − μ)λo

t+z

λo
t

+ μ
λr

t+z

λr
t

)
[β(1 − sp)θw]z (1−τw

t+z)
Pt+z

}
Et

∑∞
z=0

{
λo

t+z

λo
t

[β(1 − sp)θw]z
(1+τsc

t+z)
Pt+z

}
· Jt

(
W̃ p

t

)
. (7)

Solving equation (7) for W̃ p
t by using the corresponding asset value

functions gives the optimal wage bargained in period t. The average
real wage in the private sector, wp

t ≡ W p
t /Pt, hence evolves according

to

wp
t =

(1 − sp)Np
t−1

Np
t

[
(1 − θw)w̃p

t + θw ·
wp

t−1

πt

]

+
MP

t

Np
t

[
(1 − θn

w)w̃p
t + θn

w ·
wp

t−1

πt

]
, (8)

where w̃p
t ≡ W̃ p

t /Pt is the real optimally bargained wage and
wp

t−1/πt = W p
t−1/Pt is the real value of yesterday’s average nom-

inal wage at today’s prices. We have also taken into account the fact
that new and continuing jobs pay the optimally bargained wage with
probabilities 1 − θn

w and 1 − θw, respectively.
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For the hours determination in the private sector, we get

AAt ·
Et

∑∞
z=0

{(
(1 − μ)λo

t+z

λo
t

+ μ
λr

t+z

λr
t

)
[β(1 − sp)θw]z (1−τw

t+z)
Pt+z

}
Et

∑∞
z=0

{
λo

t+z

λo
t

[β(1 − sp)θw]z
(1+τsc

t+z)
Pt+z

}
= Et

∞∑
z=0

{(
(1 − μ)

κh

λo
t

+ μ
κh

λr
t

)
[β(1 − sp)θw]z

}
· l̃pt

σh
, (9)

where AAt = Et

∑∞
z=0

{
λo

t+z

λo
t

[β(1 − sp)θw]z xt+z

}
. Average hours

worked in period t are analogously aggregated as wages; see
equation (8).

It remains to determine how jobs are created. As is standard in
the literature, we assume that opening a vacancy has a real (CPI-
deflated) flow cost of κp

v . Following Pissarides (2009), we further
assume that free entry into the vacancy posting market drives the
expected value of a vacancy to zero. Under our assumption of instan-
taneous hiring, real vacancy posting costs, κp

v , must equal the time-t
vacancy filling probability, qp

t , times the expected value of a filled
job in period t net of training costs. The latter condition can be
expressed as

κp
v

qp
t

= (1 − θn
w) · Jt

(
W̃ p

t

)
+ θn

w · Jt

(
W p

t−1

)
, (10)

where we take into account that the wage of the newly created job
may be optimally bargained with probability 1 − θn

w.

3.1.4 Fiscal Authorities

Defining the (CPI-deflated) per capita value of end-of-period gov-
ernment debt as bt ≡ Bt/Pt, we can state that it evolves according
to a standard debt accumulation equation, bt = Rt−1

πt
bt−1 + PDt,

where PDt denotes real (CPI-deflated) per capita primary deficit.
The latter is given by per capita fiscal expenditures minus per capita
fiscal revenues,
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PDt =

[
Gt

p1−ω−ψ
Bt

+ κB
t Ut + κg

vv
g
t + Subt

]

− [(τw
t + τ sc

t ) [wp
t Np

t lpt + wg
t Ng

t lgt ]

+ τ c
t Ct + τk

t (rk
t − δk)kt−1 + (1 − μ)T o + μT r

]
,

where Gt denotes per capita government spending in investment,
consumption goods, and services expressed in PPI terms (hence
the correction for the CPI-to-PPI ratio, Pt/PAt = p1−ω−ψ

Bt ). Let-
ting Cg

t and Ig
t denote real per capita public purchases and pub-

lic investment, respectively, we have the following nominal rela-
tionship: PAtGt = PAt (Cg

t + Ig
t ) + (1 + τsc

t )Ptw
g
t Ng

t lgt . Dividing
by PAt and using Pt/PAt = p1−ω−ψ

Bt , we obtain Gt = Cg
t + Ig

t +
[(1 + τ sc

t )wg
t Ng

t lgt ] p1−ω−ψ
Bt .

We assume that κB
t = rrs · (1 − τ̄w)w̄p l̄p. Here, rrs is then the

unemployment benefit replacement ratio and the bar indicates (ini-
tial) steady-state values. Given public investment, the stock of public
physical capital evolves as follows: kg

t = (1 − δg)kg
t−1 + Ig

t , where we
assume that the public capital stock depreciates at rate δg. To guar-
antee stationarity of public debt, for at least one fiscal instrument
X ∈ {τw, τsc, τ c, Cg, Ng}, the government must follow a fiscal rule
of the form

Xt = X̄ + ρX

(
Xt−1−X̄

)
+ (1−ρX) φX ·

(
bt−1

Y tot
t−1

p1−ω−ψ
Bt−1 −ωb

)
+εX

t ,

(11)

in which the coefficient φX , i.e., fiscal policy’s stance on debt devi-
ations from target, is non-zero (positive for revenue instruments,
negative for expenditure instruments). ρX is a smoothing parame-
ter. Following Gaĺı, Lopez-Salido, and Vallés (2007), T r is chosen
such that, in steady state, optimizing and RoT households consume
the same, while T o closes the government’s budget.

3.1.5 International Linkages and Union-Wide Monetary
Policy

This section describes the international linkages via trade in goods
and foreign assets, market clearing, and the union-wide monetary
policy rule.
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International Linkages. International linkages between the
two countries are given by trade in goods and services as well as in
international bonds. The home country’s net foreign asset position,
expressed in terms of PPI, evolves according to

dt =
Recb

t−1 · dt−1

πAt
+

1 − ω

ω
(C∗

At + I∗
At) − pBt (CBt + IBt) , (12)

where (1 − ω) (C∗
At + I∗

At) /ω are real per capita exports and
pBt (CBt + IBt) are real per capita imports. Zero net supply of inter-
national bonds implies ωdt + (1 − ω) pB

t d∗
t = 0. Terms of trade

pBt = PBt/PAt evolve according to pBt = (πBt/πAt) pBt−1.
Equilibrium in Goods Markets and GDP. Market clearing

implies that private per capita production in the home and for-
eign country, Yt and Y ∗

t , respectively, is used for private and public
consumption and private and public investment demand as well as
private and public vacancy posting costs,

Yt = CAt + IAt + Cg
t + Ig

t +
1 − ω

ω
(C∗

At + I∗
At)

+ pB
t

1−ω−Ψ
κp
v (vp

t + vg
t ) , (13)

Y ∗
t = C∗

Bt + I∗
Bt + Cg∗

t + Ig∗
t +

ω

1 − ω
(CBt + IBt)

+
(
1/pB

t

)ω−Ψ∗

κp∗
v
(
vp∗
t + vg∗

t

)
, (14)

where we have assumed that vacancy posting costs in the pri-
vate and public sector are the same, κg

v = κp
v . Consistent with

national accounting and in line with Stähler and Thomas (2012),
each country’s GDP is the sum of private-sector production and
government production of goods and services. The latter is meas-
ured at input costs, that is, by the gross government wage bill.
Hence, home and foreign real (PPI-deflated) per capita GDP are
given by Y tot

t = Yt +(1+ τsc
t )wg

t Ng
t lgt p1−ω−ψ

Bt and Y tot,∗
t = Y ∗

t +(1+
τsc∗
t )wg∗

t Ng∗
t lg∗

t p
−(ω−ψ∗)
Bt , respectively.

Monetary Authority. We assume that the area-wide monetary
authority has its nominal interest rate, Recb

t , respond to deviations
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of area-wide inflation from its long-run target, π̄, and to area-wide
GDP growth, according to a simple Taylor rule,

Recb
t

R̄ecb
=
(

Recb
t−1

R̄ecb

)ρR

·

⎧⎨
⎩
[(πt

π̄

)ω
(

π∗
t

π̄∗

)1−ω
]φπ

[(
Yt

Ȳ

)ω (
Y ∗

t

Ȳ ∗

)1−ω
]φy

⎫⎬
⎭

(1−ρR)

,

where ρR is a smoothing parameter, and φπ and φy are the monetary
policy’s stance on inflation and output growth, respectively.

3.1.6 Welfare

In order to assess welfare effects of the reform measures, we compute
the lifetime consumption-equivalent gain of each type of household
as a result of the change in fiscal policy.6 We will take into account
the welfare difference between the initial and the final steady state
as well as the transition thereto. More precisely, we calculate the
consumption-equivalent welfare gain, cei, such that

∞∑
t=0

(
βi
)t

U
(
(1 + cei)c̄i, l̄p, l̄g

)
=

∞∑
t=0

(
βi
)t

U
(
ci
t, l

p
t , lgt

)
,

where the utility function U(·) is given by equation (1) and the
bar indicates initial steady-state values. Hence, cei represents the
amount of initial steady-state consumption a household of type i
is willing to give up in order to live in the alternative regime after
the policy change. Economy-wide welfare is computed as cetot =
(1 − μ)ceo + μcer.

This completes the model description. We now turn to the model
calibration.

6Among the large literature using consumption equivalents for welfare com-
parison, see, for example, Obstfeld (1994), Otrok (2001), Krebs (2003), Lucas
(2003), Barro (2006), and Cristoffel et al. (2009).
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3.2 Calibration

The model is calibrated to quarterly frequency. The home country
represents EMU’s periphery and the foreign country its core. In what
follows, we use the term “country” in the model sense and use the
words “home”/“foreign” and “periphery”/“core” interchangeably.7

For the general calibration strategy, we broadly rely on Stähler
and Thomas (2012). This means that our strategy consists of (i)
matching some steady-state variables with their counterparts in the
data and (ii) carefully choosing the remaining free parameter val-
ues in line with the existing literature. The data we use are largely
based on a data set ranging from 1999:Q1 to 2013:Q4 for the euro
area containing a rich set of quarterly fiscal variables, described in
more detail in Gadatsch, Hauzenberger, and Stähler (2016). The pri-
mary sources for the various variables are the European System of
Accounts (ESA) for the main aggregates and the European Com-
mission for the fiscal variables. Some labor market variables come
from OECD data. Hence, in the initial steady state, we match data
averages with the corresponding model variables. Furthermore, given
an import share of 15 percent in the periphery (see Balta and Del-
gado 2009), we normalize periphery per capita GDP, PPI inflation,
and the terms of trade to one and set the net foreign asset position
to zero. Then, we target home-country import and export shares
vis-à-vis the euro area, which is the reason we have to derive the
corresponding home bias parameters endogenously. We also set the
foreign-country per capita GDP relative to the home-country per-
capita GDP according to the relative share of total GDP in EMU.
Vacancy filling rates for the euro area are estimated in Christoffel
et al. (2009) and assumed to be equal across countries due to the
lack of reliable data. The calibration of the labor market parameters
is also similar to Moyen, Stähler, and Winkler (2019). Furthermore,
we normalize total time available to a household member to one
and, hence, assume that, once employed, one-third of total time
is devoted to work in the initial steady state, which is a standard

7Following Moyen, Stähler, and Winkler (2019), we calibrate the model to
seven euro-zone core countries (Austria, Belgium, Germany, Finland, France,
Luxembourg, Netherlands) and five periphery countries (Spain, Greece, Ireland,
Italy, Portugal).
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Table 1. Targeted Steady-State Variables
in Baseline Calibration

Targeted Variable Periphery Core

Relative Population 0.399 0.601
Real GDP Share 0.347 0.653
Imports-to-GDP Ratio 0.150 NA
Share of Liquidity-Constrained Consumers 0.500 0.460
Public Revenues

Consumption Tax Rate 0.196 0.183
Capital Tax Rate 0.316 0.214
Labor Income Tax Rate 0.277 0.304
SSC Rate 0.246 0.167

Public Spending
Gov. Purchases-to-GDP Ratio 0.120 0.110
Gov. Investment-to-GDP Ratio 0.020 0.020
Public-Sector Wage Bill 0.080 0.080

Debt-to-GDP Ratio 0.900 0.750
Labor Market

Unemployment Rate 0.122 0.084
Public Employees/Total Employment 0.180 0.160
Premium of Public over Private Wages 0.080 0.060
Replacement Rate (Unemployment Benefits) 0.523 0.690
Vacancy Filling Rate (Private) 0.700 0.700
Vacancy Filling Rate (Public) 0.800 0.800

Notes: Tax rates are implicit tax rates. The “NA” for the imports-to-GDP ratio
in the rest of the euro area (RoE) is due to the fact that this needs to be derived
“endogenously” to match a steady-state net foreign asset position of zero together
with a steady-state real exchange rate of one (see table 2).

assumption in the literature. The target values are summarized in
table 1.

In choosing the general model parameters, we strongly rely on
Christoffel et al. (2009), who estimate a model with a search-and-
matching labor market to European data. Note that the simulation
results are highly robust to alternative parameter calibration. The
discount factor is set to β = 0.992 to match an annual real rate of
3.2 percent. Risk aversion σc = 2 as well as habits in consump-
tion h = 0.6 are set close to the mode estimates in Smets and
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Wouters (2003). The share of RoTs, μ, is set to 0.5 in the periph-
ery and 0.46 in the core following Le Blanc et al. (2014). Forni,
Monteforte, and Sessa (2009) find similar values for the overall euro
area.

We assume that, in the initial steady state, optimizers and RoT
households face the same consumption level as in Bilbiie (2008),
which determines the values for T o and T r. Monetary policy param-
eters are standard values of a conventional Taylor rule, while the
price markup and the Calvo parameters for prices and wages are set
in line with estimates from the New Area-Wide Model (see Christof-
fel, Coenen, and Warne 2008 for a discussion). Capital depreciation
is set to a standard value of δp = δg = 0.025 and the capital share
in production is set to one-third (Cooley and Prescott 1995), while
capital adjustment costs are set to a standard value close to 5. For
the CES aggregator of private and public capital, we rely on the esti-
mates of Coenen, Straub, and Trabandt (2013), i.e., we set αk = 0.9
and vk = 0.84. Similar values are chosen for the CES aggregator
of private and public employment. According to Schmitt-Grohé and
Uribe (2003), it is sufficient to choose a rather small value for the
risk premium parameter on international bonds in order to generate
a stable equilibrium. So we opt for Ψd = Ψ∗

d = 0.01.
Regarding the labor market, the elasticity of the matching func-

tion in the private sector, ϕp, is set to 0.5 in line with Petrongolo
and Pissarides (2001), Burda and Weder (2002), and Christoffel et
al. (2009). The value in the public sector, ϕg, is set a bit lower, to
0.3, following Afonso and Gomes (2014). The bargaining power of
workers is derived endogenously to match the premium of public
over private wages. The quarterly separation rate in the private sec-
tor is set to 0.04 in line with Christoffel et al. (2009). Again, it is a
bit lower in the public sector. For nominal wage rigidities, Colciago
et al. (2008), Christoffel et al. (2009), and de Walque et al. (2009)
find a rather high degree of stickiness (note that the latter paper is
based on U.S. data, however). We opt for a middle value of these
studies and set θw = θn

w = 0.83.
Given these parameters, it remains to derive the efficiency of the

matching function as well as vacancy posting costs endogenously to
meet the targeted labor market variables shown in table 1. Values
derived endogenously to match the targets are marked by the super-
script e in table 2. We perform robustness analysis regarding trade
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Table 2. Baseline Parameter Calibration

Parameter Symbol Value

Monetary Policy
Interest Rate Smoothing ρR 0.850
Stance on Inflation φπ 1.500
Stance on Output Gap φy 0.125

Fiscal Policy
Fiscal Smoothing Parameter ρX 0.900
Stance on Debt φX 0.050

Price and Wage Stickiness
Calvo Parameter (Prices) θP 0.750
Market Power (Markup) ε 4.000
Calvo Parameter (Existing Wages) θw 0.830
Calvo Parameter (New Wages) θn

w 0.830
Preferences

Discount Rate β 0.992
Risk Aversion σc 2.000
Habits in Consumption h 0.600

Trade in International Bonds
Risk Premium Parameter ψd = ψ∗

d 0.010
Production

Private-Sector Capital Depreciation δk 0.025
Public-Sector Capital Depreciation δg 0.025
Private-Sector Capital Share in Prod. α 0.330
Public-Sector Capital/Employment αk, αg 0.900

Influence in Private Production
Substitutability Public/Private υk, υg 0.840

Capital/Employment
Adjustment Cost Parameter κI 4.940

Labor Market
Matching Elasticity (Private Sector) ϕp 0.500
Matching Elasticity (Public Sector) ϕg 0.300
Separation Rate (Public Sector) sg 0.020
Separation Rate (Private Sector) sp 0.040
Labor Market Matching Efficiencye κp

e 0.360
Vacancy Posting Costse κp

v 2.040
Bargaining Power of Workerse ξ 0.200
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openness, labor market efficiency, and country size. As can be seen
in the results section, our results are robust to parameter changes.

4. Simulation Design

In order to assess the macroeconomic effects of reducing the tax
wedge, we calibrate a reduction in the labor income tax and/or social
security contribution rates that yields an increase in the govern-
ments’ primary deficit-to-GDP ratio by 1 percentage point ex ante,
that is, holding constant everything other than changes in the stated
instruments. A higher (lower) reduction in the tax/contribution
rates would, naturally, imply stronger (weaker) long-run effects.
In order to compensate for the revenue losses, we then calculate
an increase in other revenue components (consumption taxes) or
a decrease in the expenditure components (public purchases or
employment) such that the budget will be balanced ex post in the
new steady state which takes into account the “second-round effects”
resulting from changes in endogenous variables.8

For all simulations, we assume that the economy is initially in
steady state. Each fiscal measure is implemented by changing the
corresponding long-run target (parameter) such that the measure is
permanent. We then derive the final steady state that arises after the
policy change and calculate the transition from the initial to the final
steady state under perfect foresight. In this calculation, we assume
that no other shocks hit the economy during the transition path,
which allows us to attribute all the effects to the policy measure.

8Technically, this is done by allowing only the steady-state value of the financ-
ing fiscal instrument that we consider to adjust according to equation (11).
Assuming the targeted debt-to-GDP ratio to remain unchanged, this calculates
the final steady-state value of the financing instrument which balances the gov-
ernment’s budget and takes into account the “second-round effects.” If we assume
that the public-sector budget constraint is balanced ex ante (i.e., ignore the
second-round effects and assume lump-sum taxes to stabilize debt in the long
run), the necessary increase in the consumption tax rate must be larger and the
positive effect turn out to be smaller. While the results are, overall, equivalent,
this hurts RoT consumers along the transition after a cut in social security con-
tributions because the resulting wage increase is not sufficient to immediately
compensate for the policy-induced rise in consumption costs. Results of such an
analysis can be found in an earlier version of the paper (see Attinasi et al. 2016).
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5. Simulation Results

In this section, we present long-run effects and transition dynam-
ics for each reform measure described above. Results are reported
in percentage deviations of key macroeconomic variables from their
initial steady-state values (percentage-point deviations for rates and
ratios). To get a better understanding of the transmission mecha-
nisms, we will show impulse response functions (IRFs) for selected
simulations.

5.1 Reducing the Tax Wedge and Different Financing
Schemes

In a first step, we assess the effects of a reduction in the labor tax
wedge implemented as a reduction in either the personal income tax
(PIT) paid by employees or the social security contributions (SSC)
paid by the employers, assuming that it is financed by an increase in
the consumption tax rate. In a second step we look at the implica-
tions of using expenditure instruments to finance the corresponding
revenue loss.

5.1.1 Fiscal Devaluation: Comparing Workers’ and Firms’
Tax Rate Reductions

Table 3 displays the long-run changes of selected key macroeconomic
variables after a fiscal devaluation episode in the periphery when (i)
reducing the workers’ personal labor income tax rate and when (ii)
reducing the firms’ social security contribution rate only. In these
simulations, it is assumed that the reduction in the labor tax wedge
is always financed by an appropriate increase in the consumption tax
rate. The transition dynamics of selected key macroeconomic vari-
ables are shown in figure 1. Furthermore, table 3 shows the results of
simulations with a lower home bias, a lower labor market efficiency,
or a smaller country size.9

9For the robustness analyses, we assume that the home bias is decreased such
that, relative to the baseline scenario, the import share is doubled (HB Ψ ↓),
vacancy posting costs are increased by 25 percent (LME ξ ↓), and the size of the
home country is only 10 percent (CS ω ↓).
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The following results stand out. On the one hand, a reduction in
labor taxation, regardless of whether on the employees’ or employ-
ers’ side, permanently reduces unit labor costs and induces firms to
reduce prices via the marginal costs channel. Lower prices are ben-
eficial to international competitiveness and foster exports. Lower
unit labor costs increase labor demand through the creation of addi-
tional jobs and/or an increase in the amount of hours worked in the
medium run. In the case of the former, unemployment falls. Taken
together, aggregate domestic demand for private goods rises. This,
plus higher foreign/export demand, increases output, which also fos-
ters the incentive for capital investment. On the other hand, the
increase in the consumption tax rate dampens domestic private con-
sumption ceteris paribus, as it makes consumption spending more
expensive. The total effect on private consumption turns out to be
positive in our simulations, while the size of the impact depends on
whether the personal income tax or the social security contribution
rate is reduced, because the former increases net labor income by
more than the latter.

Focusing on the first-round effects, the impact on consumption
differs significantly between the two labor tax instruments. When
social security contributions are decreased, the increase in aggregate
net wage income is not sufficient to compensate for the increase
in consumption costs, and the consumption of rule-of-thumb (RoT)
households falls on impact. However, in this case, capital-holding
households benefit from higher expected future wealth (due to a per-
manent rise in output). Under the permanent-income hypothesis,
capital-holding households immediately consume more already on
impact. When the personal income tax rate is reduced, the increase
in net labor income compensates for the higher costs of consump-
tion. As a result, the consumption of RoT households, who spend
their entire income each period, already increases on impact (see
figure 1). Hence, total private consumption increases more when the
personal income tax is reduced.

In the medium to long run, the total impact on consumption and
GDP is the result of the mechanisms in the search-and-matching
labor market that is incorporated in our model. In what follows,
we will restrict ourselves to an intuitive explanation of the different
transmission mechanisms after reducing either labor income tax or
social security contribution rates. In section 5.1.2 we will shed more
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light on which assumptions in our model are responsible for these
results.

For any given gross wage, a decrease in the labor income tax rate
immediately augments net wage income. Workers are then willing
to accept lower gross wages in the bargaining process as, everything
else equal, they target a certain total net wage income. Thus, private
wage claims eventually fall (see the dashed line in figure 1 for the
transition and see table 3 for the long run), reducing unit labor costs
and increasing the incentive for firms to create jobs and to augment
employment. Even though gross wages fall, households’ net wage
income increases because the gross wage reduction is overcompen-
sated by the reduction in the labor income tax rate. Therefore the
consumption of RoT households, who spend their entire per-period
income, increases.

A decrease in the social security contribution rate (see the dot-
ted line in figure 1 for the transition and see table 3 for the long
run) directly affects the unit labor costs of firms without having
to take the detour via the wage-bargaining channel. Again, the fall
in unit labor costs increases the incentive for firms to create jobs
and augments employment as well as firms’ profits. However, it does
not have a direct impact on consumers’ net income. Since higher
employment implies higher chances for unemployed workers to find
a job, their fallback position in the wage-bargaining game increases.
This augments their reservation wage and, hence, wage claims. Still,
unit labor costs fall because wages increase by less than social secu-
rity contributions fall (unit labor costs are defined as the aggregated
gross wage payments including social security payments divided by
private-sector output). Relative to a decrease in the personal labor
income tax rate, the fall in unit labor costs is stronger on impact
and for the first four years.10 The positive GDP effect is relatively
weaker because private consumption demand increases by less.

The different effects of a personal income tax reduction com-
pared with a reduction of social security contributions are crucially
driven by the presence of an intensive margin with fully flexible

10In the long run, this is reversed because a reduction in the personal labor
income tax rate also increases the supply of hours worked (see next paragraph),
which gives workers more leeway to accept a lower gross wage while keeping a
high enough total net income.
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labor hours in our model. This intensive margin allows firms to
adjust employment as an input to production differently in the
two scenarios. When the personal income tax rate is reduced, the
increase in net labor income of workers incites workers to supply
more hours. Moreover, it is less costly for firms to produce additional
output by increasing working time of those already employed rela-
tive to employing more workers, as the latter involves hiring/search
costs. On the contrary, when the firms’ tax burden is decreased, the
increase in net labor income received by workers is lower, and so
is the (voluntary) supply of additional working hours. As a result,
firms prefer to hire more workers instead of increasing working time.
Hence, the total amount of hours worked increases more in case of a
personal income tax rate reduction, while unemployment falls more
in the case of a reduction in social security contributions (see table
3). In section 5.1.2 we show the importance of incorporating an
intensive hours margin in our model.

Interestingly, to achieve budget neutrality, a personal income tax
reduction requires a stronger increase in consumption taxes than
reducing social security contributions. This is due to the different
transmission of the two different measures to wages. As already men-
tioned, workers accept lower gross wages when reducing the personal
labor income tax rate because their net labor income is immediately
increased due to the tax rate reduction. On the contrary, gross wage
claims are increased after a cut in the social security contribution
rate as a result of the bargaining process. Gross wages income is
the basis for both personal labor income taxes and social security
contributions. Hence, lower wages in the former scenario result in
a relatively higher loss of public revenues than a wage increase in
the latter scenario, which has to be financed by relatively higher
consumption taxation. Summarizing, the model simulations show
that from an efficiency perspective—in terms of higher output—
lowering labor taxes on the employees’ side yields larger gains. This
also holds from a redistribution perspective, as it does not harm
liquidity-constrained households’ consumption. These findings are
also in line with Coenen et al. (2012). However, from the perspec-
tive of reducing the unemployment rate, a decrease in social security
contributions seems more appropriate because, in that case, firms
and workers are less inclined to use the intensive margin to increase
production. Most of the tax wedge reductions in the past have been
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a combination of reducing workers’ and firms’ contribution rates at
the same time. The results of such a simulation are presented by the
solid line in figure 1. As we see, the impact of this policy mix is a
weighted average of both previous simulations. In all cases, spillovers
to the core are positive but small, and our results are quite robust
to alternative specifications of the periphery’s size, trade openess, or
labor market efficiency (see table 3).

Even though output and consumption increase more in the case
of a personal income tax rate reduction, the effects on welfare are
not straightforward because, in this case, the disutility of providing
more working hours increases. This is discussed in more detail in
section 6.

5.1.2 The Role of Search Frictions and Endogenous Hours
Worked

Literature has shown that, in a frictionless world with flexible wages,
labor income tax and social security rate reductions are equivalent
(see, for example, Lipinska and von Thadden 2012; Engler et al.
2017). This is because, in both cases, wages and labor costs adjust
to the same new equilibrium level irrespective of whether the per-
sonal income tax or social security tax rates are decreased. In the
presence of staggered wage setting, the adjustment of labor costs
when lowering the personal labor income tax rate is postponed rela-
tive to a reduction in the firms’ social security contribution rate, as
the latter directly affects labor input costs. Therefore, Engler et al.
(2017) find that cutting social security contributions is more benefi-
cial in the short and medium term.11 In a model with a search-and-
matching labor market, the equivalence of personal labor income tax
or social security contribution rate reduction in the long run must
no longer apply. In these models with a frictional labor market with

11Also note that, in this paper, we perform a fully non-linear simulation under
perfect foresight that takes into account the fact that the initial and the final
steady states are different. This introduces a positive net wealth effect in the long
run. Instead, Engler et al. (2017) assume very persistent tax shocks and perform a
linear simulation of their model, hence ignoring this wealth effect. Comparing the
results shows that, in addition to the different labor market structures, it is also
important to actually take into account the final steady state when discussing
long-term structural changes.
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the standard Nash bargaining over the match surplus—which is also
a key feature of our model—personal income taxes and social secu-
rity contributions affect the bargaining position of workers and firms
differently. The following argumentation of the underlying reasons
for these results is more formally derived in the appendix.

In general, a reduction in the personal labor income tax rate on
the workers’ side decreases the workers’ outside option in relative
terms (i.e., the utility difference between working and not working
increases as a result of the policy-induced rise in net wage income).
Therefore, workers accept lower wages in the bargaining process,
which eventually reduces labor costs for firms. A reduction in the
social security contribution rate for firms leaves the workers’ out-
side option nearly unchanged ceteris paribus. However, as the latter
increases firms’ profits, and the bargaining process determines the
share of these profits accruing to the worker, wage claims rise after
a reduction in the social security contribution rate. The net effect
on labor costs depends on whether the gross wage reduction (after a
cut in the personal labor income tax rate) or the direct tax cut (after
a reduction in the social security contribution rate) yields stronger
effects.

In our model, the outside option of workers depends on unem-
ployment benefits and the expected wage income when finding a
job in the public sector. As unemployment benefits relate to net
wages, and taxes also have to be paid by public-sector workers, the
outside option is affected little after a cut in the personal labor
income tax rate. Hence, when ignoring the endogenous evolution
of hours worked, we find that cutting social security contributions
paid by firms is more beneficial in terms of output, consumption,
and employment gains. Table 4 summarizes the results of a simula-
tion in which we keep hours worked fixed at their initial steady-state
values. Thus, in this simulation, our model confirms the finding that
a cut in the firms’ labor tax burden is more beneficial. As table 3
shows, this no longer holds when taking into account the intensive
adjustment margin.

The possibility of adjusting the number of hours per worker in
the model, next to the decision whether to hire a new worker or not,
changes the impact of a reduction in the labor income tax vis-à-vis
a reduction in the social security contribution significantly (again,
the formal analysis can be retraced in the appendix). As we have
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Table 4. Permanent Effects of Fiscal Devaluation in the
Periphery with Exogenously Fixed Hours Worked

Long-Run Changes in ΔPIT ΔSSC

GDP 0.31 0.40
Private Consumption 0.05 0.06
Private Investment 0.30 0.39
Unemployment Rate −0.28 −0.37
Per Capita Hours (Private) 0.00 0.00
Average Gross Wages −0.77 1.43
Average Net Wage Income 3.56 1.43
Unit Labor Costs −0.72 −0.93
International Competitiveness 0.12 0.15
PIT Rate −2.98 −0.00
SSC Rate 0.00 −2.98
Consumption Tax Rate 1.81 0.83
RoE GDP 0.01 0.02

Notes: The table shows deviations of final relative to initial steady-state values in
percent (percentage points for rates and ratios) after fiscal devaluation for base-
line calibration. International competitiveness is given by foreign prices divided by
domestic ones.

seen in the model description, workers equate marginal disutility of
providing hours with the resulting benefits. A cut in the personal
labor income tax rate increases wages/benefits and, thus, the incen-
tives of providing additional hours rise. Furthermore, for firms, it
is less costly to extend hours relative to employing an additional
worker when extending production (and, thus, labor input), as they
can save on search costs. Therefore, augmenting labor input via the
hours margin becomes more attractive. This further fosters wage
income, consumption, and output. The incentive for workers to pro-
vide additional hours increases more after a cut of the personal labor
income tax rate than after a cut in the social security contribution
rate. The reason is that benefits of providing hours (resulting from
the net wage increase) are stronger when the tax burden of workers
is decreased, as it has a more direct impact on net wages received
by workers (when social security contributions are cut, the wage
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increase results indirectly through bargaining). Our model simula-
tions show that this effect dominates the job-creation effect such
that, when taking into account endogenously determined hours, a
cut in the personal labor income tax rate is more beneficial (see
table 3).

5.1.3 Alternative Fiscal Instruments to Finance Labor Tax
Reductions

We now look at the macroeconomic effects of a decrease in the
labor tax wedge when this is financed by alternatively reducing gov-
ernment purchases, Cg, and public employment, Ng. The reduc-
tion in the workers’ personal income tax rate is taken as the
benchmark.

Figure 2 compares a reduction in public purchases and a reduc-
tion in public employment to finance the decrease in the tax wedge
to a fiscal devaluation in the periphery. Financing a tax wedge reduc-
tion via lower government purchases has negative short-run effects
on GDP, as it reduces aggregate demand. No adverse effects for
consumption of liquidity-constrained households materialize, as they
benefit from lower labor taxes. In particular, private consumption of
both capital-holding and RoT households increases, as lower labor
taxes translate immediately into a higher net wage income while
the dampening effect of higher consumption taxes is absent. The
improvement in international competitiveness, via lower unit labor
costs, increases private consumption and exports. But this is not
sufficient to compensate for the loss in public consumption, and
GDP declines initially. The negative effect of reduced public con-
sumption is reversed when the labor market improvements resulting
from lower labor taxes and the positive wealth effect for optimiz-
ers start to materialize. In the medium term, private employment
and wages start to increase on the back of higher domestic con-
sumption and exports. This is a result of eventually higher reem-
ployment chances and, therefore, increased fallback utility of (unem-
ployed) workers. Nonetheless, higher private consumption in the long
run only slightly compensates for the 1 percentage point loss in
public consumption which, in contrast to private consumption, is
assumed to entail a full home bias (see table 5). Hence, the private
demand-driven GDP increase is dampened, which also implies lower
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effects on overall employment (level and hours worked) in the long
run. The GDP-dampening effect of lower public purchases is smaller
in countries with a relatively high home bias in private consumption
and investment and a relatively low labor market efficiency. Hence,
those countries gain more when financing the reduction in the labor
tax wedge by lower public purchases.

Two opposing effects are at work, when the labor tax wedge
is financed by a decrease in public employment (dotted line in
figure 2).

On the one hand, there is a “wage channel” which improves
aggregate private output. A decrease in public employment dimin-
ishes the probability of finding a job in the public sector, thereby
decreasing the workers’ fallback utility. Hence, workers will accept
lower wages in the private sector beyond what the reduction in the
personal income tax rate would entail. This eventually improves unit
labor costs and fosters private employment and international com-
petitiveness. The unemployment rate increases even though private
employment increases significantly. This is due to the fact that the
private sector does not fully absorb the employment reductions in
the public sector.

On the other hand, there is a “productivity channel” which
lowers aggregate output. As public employees are assumed to posi-
tively contribute to private-sector productivity, a reduction in public
employment dampens private-sector production capacities. Which
of the two effects dominates depends on the relative size of these
effects. The wage channel is larger the more workers rely on their
fallback utility in the bargaining game. This is the case if the work-
ers’ bargaining power vis-à-vis the firms is low. In such a situation,
wages fall relatively more after a cut in public employment such that
private-sector wage reductions can dominate productivity losses and
further improve private-sector output. However, it may have nega-
tive distributional consequences in terms of optimizers’ and RoTs’
consumption behavior (the latter increasing much less) because it
shifts income from wages to firms’ profits, which belong to optimiz-
ers only. In our simulations, the wage channel always dominates and
private-sector outcome increases. Hence, we observe an increase in
GDP. This is despite the fact that we have defined GDP as the sum
of private-sector output and public production evaluated at input
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costs in line with national accounting (see Stähler and Thomas 2012
for a more detailed discussion).12

6. A Welfare Perspective

We are now interested in how to evaluate these reforms in terms of
the well-being of the reforming country’s population. The advantage
of having a theoretical model like ours is that we are able to calculate
(household-type-specific) welfare to address this issue. In doing so,
we compute the lifetime-consumption-equivalent gain of each type
of household in line with Lucas (2003) as a result of the change in
fiscal policy. Results are presented in table 6. We first show the wel-
fare difference between the initial and the final steady state and, in a
second step, the welfare effects including the transition thereto. The
numbers presented in the tables can be interpreted as how much
of initial steady-state consumption (in percent) a household would
be willing to give up in order to be indifferent between living in
the original or in the alternative regime (after the reform). Positive
values therefore imply a welfare gain, while negative values signal a
welfare loss.

Table 6 shows that a fiscal devaluation via a reduction in
the firms’ social security contributions always hurts liquidity-
constrained consumers. In this case, the gain in net labor income
cannot overcompensate for the policy-induced increase in consump-
tion costs. Welfare decreases because, despite lower per capita input
of working hours, the loss in consumption utility is too strong to be
compensated for. Only because the gains in firms’ profits are strong
enough to boost optimizers’ consumption sufficiently is this measure
not detrimental to welfare. Yet, it is still not a Pareto improvement.
Once taking into account the transition path, welfare of liquidity-
constrained households decreases even more because of the strong

12Note furthermore that, in addition to what has just been explained, how the
wage and the productivity channels are related is strongly affected by the “effi-
ciency” of the public sector. If the public sector is deemed to be inefficient, this
clearly goes in favor of the wage channel. If one believes that the public sector is
less efficient in one country than in others, this will strengthen the wage chan-
nel in that economy further and, therefore, make this measure relatively more
attractive. If private output can be boosted sufficiently, this may overturn the
negative GDP effect, which is the case in our simulation.
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initial drop in their consumption on impact. On the contrary, fis-
cal devaluation by means of a reduction in the workers’ personal
income tax rate affects welfare positively because, in this case, the
negative effect on RoTs’ consumption vanishes. Again, when taking
into account the transition path, welfare gains are somewhat lower
because it takes time to reach the final steady-state values.

Moreover, table 6 also reveals that, in terms of welfare, financing
a reduction in the labor tax wedge via a cut in public purchases
is superior to a fiscal devaluation, even though the former measure
generates significantly lower output gains (see section 5.1.3). This
is because reductions in public purchases do not increase consump-
tion costs, while having similar labor market effects. Therefore, the
increase in consumption of optimizing and liquidity-constrained con-
sumers is much stronger, translating into higher welfare gains. This
also holds when taking into account the transition to the new steady
state, again with somewhat lower gains because it takes time to reach
the new steady state. A similar argument holds for using a public
employment reduction as the financing instrument because, as we
have seen in the previous section, this boosts private-sector employ-
ment and the increase in aggregate net wage income significantly.

As we have seen above, there are no negative spillovers to the
rest of the euro area in terms of output and/or consumption losses.
Still, it may be interesting to assess how welfare in the rest of the
euro area is affected if one country/region in the euro area reduces
its labor tax wedge in a budget-neutral way. Table 7 summarizes
the welfare effects in the rest of the euro area—the core in our
model. Given the spillovers generated by the tax wedge reduction
in the periphery, there are two opposing welfare effects for the rest
of the euro area. On the one hand, higher private demand for for-
eign goods in the periphery increases labor and capital income in the
core, ultimately implying higher consumption and, thus, higher wel-
fare there, too. On the other hand, higher output is also produced
by augmented labor input, decreasing welfare correspondingly. If
the increase in income and, thus, consumption is sufficiently strong
to overcompensate for the increase in the disutility of work, house-
holds in the core gain. This is the case if private consumption and
investment demand in the periphery increases relatively more, which
holds more for measures strongly fostering private demand (such
as financing the labor tax wedge reduction by public employment
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cuts). Still, a tax wedge reduction in one country can entail small
“beggar-thy-neighbor” effects.

7. Conclusions

Budget-neutral tax wedge reductions are one of the policy priori-
ties in many EMU member states. By means of a New Keynesian
DSGE model of a monetary union with a complex labor market
structure and a comprehensive fiscal bloc, this paper assessed the
macroeconomic and welfare implications of reductions in firms’ and
workers’ labor tax rates financed by different fiscal policy measures.
Overall, the paper showed that a reduction in the tax wedge is bene-
ficial in terms of both welfare and output gains. While financing the
labor tax wedge reduction by an increase in consumption taxation
yielded most favorable output effects, financing it by a reduction
in government spending was more welfare enhancing, as the lat-
ter does not imply a policy-induced increase in private consumption
costs. Extending the insights of existing literature, the paper showed
that a reduction in the workers’ and not the firms’ burden is most
beneficial when firms can fully vary the intensive margin of labor
demand to adjust to policy changes. When ignoring the intensive
hours margin, however, the cost-reducing effect of lower social secu-
rity contributions for firms dominates, in line with findings in the
literature.

Appendix

In this appendix, we provide a more detailed formal analysis of the
role of the search-and-matching labor market and of the introduction
of an intensive labor hours margin for the impact of workers’ per-
sonal income tax versus firms’ social security contribution reductions
on labor supply and demand (cf. section 5.1.2).

Formal Description

First, we will investigate the mechanism driving the labor market
effects of a tax wedge reduction in more formal detail. For this pur-
pose, we simplify the model presented in section 3.1 by assuming
no liquidity-constrained consumers, μ = 0, and no wage stickiness,
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θw = θn
w = 0. We will only focus on steady-state comparisons. These

assumptions highly simplify the exposition of the argument without
loss of generality. Furthermore, we will proceed in four steps for the
ease of understanding. Under the simplifying assumptions, equation
(6) in steady state becomes

Ω̄ =
ξ

1 − ξ
· 1 − τ̄w

1 + τ̄ sc
· J̄ . (15)

In a first step, let us ignore public employment, the endogenous pro-
vision of hours worked, and the time variation in unemployment
benefits by exogenously imposing p̄g = κh = 0, l̄ = 1, and κ̄B to be
fixed at some value. Then, after some algebra, the steady-state wage
can be expressed as

(1 − τ̄w) (1 + τ̄sc) w̄p = ξ (1 − τ̄w)
[
x̄ + β(1 − sp) κv · θ̄p

]
+ (1 − ξ) (1 + τ̄ sc) κ̄B, (16)

where θ̄p = v̄p/ ¯̃U . Substituting into the job-creation condition, equa-
tion (9), and rearranging yields

[1 − β(1 − sp)]
κv

q(θ̄p)
+ β(1 − sp) ξ κv θ̄p = (1 − ξ)

[
x̄ +

1 + τ̄ sc

1 − τ̄w
· κ̄B

]
.

(17)

It is straightforward to see that dθ̄p/dτ̄w = 1+τ̄sc

1−τ̄w · dθ̄p/dτ̄ sc and,
because 1+τ̄sc

1−τ̄w > 1, it must hold that |dθ̄p/dτ̄w| > |dθ̄p/dτ̄ sc|. In
words, this implies that, in our simple model, a labor income tax
reduction on the workers’ side will affect job creation more posi-
tively than a reduction of the social security contributions levied on
firms. In principle, this already goes in the direction of what we find
in our paper. However, from Pissarides (2000, p. 205), we know that,
“in general, tax incidence is independent of who pays the tax,” while
we find that this is not the case here.

In order to solve this alleged contradiction, let us, in a second
step, allow for time variation in unemployment benefits by assuming
that κB

t = rrs (1 − τw
t−1)wt−1, as we also do in our model. In this

case, we get
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(1 − τ̄w) (1 + τ̄sc) (1 − (1 − ξ)rrs) w̄p

= ξ (1 − τ̄w)
[
x̄ + β(1 − sp) κv · θ̄p

]
(18)

as the steady-state wage, which, after substituting in the job-creation
condition and rearranging, yields

[1 − β(1 − sp)] [1 − rrs(1 − ξ)]
κv

q(θ̄p)
+ β(1 − sp) ξ κv θ̄p

= (1 − ξ) (1 − rrs) · x̄. (19)

Clearly, it no longer plays a role who pays taxes. As Pissarides (2000,
chapter 9) has shown, what matters for job creation is the tax level
itself—governed by the parameter rrs in our simplified model—but
not who pays the tax. This finding is reconciled in equation (19) and
depends on the assumption that unemployment benefits are a frac-
tion of net wages received by workers, which is also the underlying
assumption driving the result in Pissarides (2000). The difference to
the situation after the first step when assuming fixed unemployment
benefits in equation (17) is the following. In the first situation, the
relative value of employment over unemployment is affected more
by the workers’ labor tax rate than by the social security contribu-
tion rate due to different effects on the workers’ outside option in
the bargaining process.13 Hence, changes in the labor income tax
rate will, in this situation, have a larger effect on job creation and it
will, then, matter who actually pays the tax. This no longer matters
when unemployment benefits are some fraction of net wages.

Even though our model includes time-varying unemployment
benefits, simulations still show that results clearly depend on who
has to pay the tax. In order to explain why this is the case, let us
include public employment into this section’s analysis as a third step.
In this case, we get

(1 − τ̄w) (1 + τ̄sc)
(

1 − (1 − ξ)rrs
(

1 − β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)

))
w̄p

= ξ (1 − τ̄w)
[
x̄ + β(1 − sp)κv · θ̄p

(
1 +

β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)

)]

13This holds unless (1 + τ̄sc) = (1 − τ̄w)−1, which is not the case in our model
and, most likely, not in reality.
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+ (1 − ξ)
β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)
(1 − τ̄w) (1 + τ̄sc) w̄g, (20)

where use has been made of the workers’ marginal utility of being
employed in the public sector, Hg

t , the latter evaluated at steady
state. It is straightforward to see that a higher wage rate in the pub-
lic sector, w̄g—as well as a higher probability of finding a job in the
public sector, p̄g—augments wages workers demand in private-sector
wage negotiations. The reason is that the possibility of finding a job
in the public sector increases the workers’ fallback utility. Substitut-
ing the wage resulting from taking into account public employment,
equation (20), into the job-creation condition yields

[1 − β(1 − sp)]
(

1 − (1 − ξ)rrs
(

1 − β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)

))
κv

q(θ̄p)

+ β(1 − sp) ξ κv θ̄p

(
1 +

β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)

)
(21)

= (1 − ξ)
(

1 − rrs

(
1 − β(1 − sp)p̄g

1 − β(1 − sg)(1 − p̄g)

))

· x̄ − (1 − ξ)
β(1 − sp)p̄g · (1 + τ̄ sc) w̄g

1 − β(1 − sg)(1 − p̄g)
.

Formally, we immediately see from equation (21) that |dθ̄p/dτ̄w| = 0,
whereas |dθ̄p/dτ̄ sc| > 0. In words, this means that, when taking into
account public employment—still ignoring the endogenous provision
of hours worked—a tax wedge reduction using social security contri-
butions levied on firms is more favorable than reducing the workers’
labor income tax rate. This is also what we found in the full model
when ignoring hours worked.

After the second step in our simplified model, we saw that it
makes no difference who pays taxes when assuming time-varying
unemployment benefits. The argument is analogous when decreasing
the workers’ personal income tax rate while, at the same time, tak-
ing into account public employment. The reason is that the decrease
in τ̄w affects steady-state utility of being employed in the private
or the public sector in the same direction and by the same relative
amount. Hence, the relationship between the workers’ steady-state
utilities and fallback utilities remains constant. On the contrary, for
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given public wages and public employment, an increase in social
security contributions on the firms’ side only reduces job-creation
incentives in the private sector, which makes public employment
relatively more attractive and increases the workers’ fallback utility
(in relative terms). Hence, when ignoring the intensive hours margin,
the fact that reductions in the firms’ social security contributions
generate more favorable effects is driven by lowering the relative
attractiveness of public-sector employment and, thereby, producing
a reduced fallback position of workers.

In a last step, we now also take into account the intensive
hours margin. Given that hours in the public sector are assumed
to be an exogenous policy variable, we ignore it in the follow-
ing exposition for the sake of brevity. However, including hours
worked in the private-sector bargaining, we need to add (1 − ξ)(1 +
τ̄ sc)κh/

(
λ̄(1 + σh)

)
l̄p

1+σh to the right-hand-side of equation (20),
where λ̄ = (c̄σc (1 + τ̄ c))−1 is households’ marginal utility of con-
sumption. Substituting into the job-creation condition, we know that
we need to add −(1 − ξ)(1 + τ̄sc)/(1 + τ̄w)κh/

(
λ̄(1 + σh)

)
l̄p

1+σh

there in order to take into account endogenous hours worked in the
private sector. Deriving this latter term with respect to τ̄w and τ̄ sc

implies that, from the perspective of the intensive hours margin,
a reduction in the workers’ personal income tax rate yields higher
incentives for additional job creation as a reduction in firms’ social
security contributions. The argument is analogous to the one made
after the first step, where we had exogenously given unemployment
benefits.

Hence, a labor tax wedge reduction by means of a PIT or
SSC decrease now entails a tradeoff in the workers’ fallback util-
ity. Depending on which instrument is used, it either makes public
employment less attractive in relative terms (see equation (21)) or it
decreases the relative disutility of labor supply more strongly. Which
effect dominates depends on how these two elements in the fallback
position of the worker are related. Furthermore, we know from the
hours bargaining condition, equation (8) evaluated at steady state,
that |dl̄p/dτ̄w| = 1−τ̄sc

1+τ̄w · |dl̄p/dτ̄ sc|. This implies that a reduction
in the personal income tax rate fosters the provision of (additional)
working hours more than a reduction in the firms’ social security con-
tribution rate. Therefore, the tradeoff is tilted towards a reduction
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in the workers’ personal income tax rate when taking into account
the additional hours margin. Our simulations show that, in the full
model, this effect overcompensates for the public employment effect
when hours are taken into account.
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Fernández-de-Cordoba, G., J. J. Pérez, and J. L. Torres. 2012. “Pub-
lic and Private Sector Wages Interactions in a General Equilib-
rium Model.” Public Choice 150 (1–2): 309–26.



52 International Journal of Central Banking October 2019

Forni, L., L. Monteforte, and L. Sessa. 2009. “The General Equi-
librium Effects of Fiscal Policy: Estimates for the Euro Area.”
Journal of Public Economics 93 (3–4): 559–85.

Gadatsch, N., K. Hauzenberger, and N. Stähler. 2016. “Fiscal Policy
During the Crisis: A Look on Germany and the Euro Area with
GEAR.” Economic Modelling 52 (Part B): 997–1016.

Gadatsch, N., N. Stähler, and B. Weigert. 2016. “German Labor
Market and Fiscal Reforms 1999-2008: Can They Be Blamed
for Intra-Euro Area Imbalances?” Journal of Macroeconomics
50 (December): 307–24.
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Payment systems trace economic transactions; they could
therefore be considered important indicators of economic activ-
ity. This paper describes the monthly data available on Italy’s
retail settlement system and selects some of them for now-
casting and short-term forecasting. Using a mixed-frequency
factor model based on a large-scale data set to predict Italian
GDP and its main components, the contribution of payment
system flows to improving forecasting accuracy is found to be
non-negligible. Moreover, the timeliness of the data improves
nowcasting accuracy throughout the quarter.

JEL Codes: C53, E17, E27, E32, E37, E42.

1. Introduction

Ever since the global recession, interest in new macroeconomic fore-
casting tools, especially those based on monetary and financial infor-
mation, has been increasing. On the back of the developments of
computational tools for storing and elaborating large-scale data sets,
analysts are focusing on the pursuit of new, timely, and reliable
information in order to improve the forecasting ability in real time.

Data on payment instruments (checks, credit transfers, direct
debits, payment cards) could represent a unique source of informa-
tion for short-term forecasting of economic activity, as they trace
economic transactions. This link was already clear at the begin-
ning of the last century, when Irving Fisher described the semi-
nal equations of the quantitative theory of money, writing: “Such

∗This paper represents the authors’ personal opinions and does not reflect the
views of the Bank of Italy. We are grateful to Luca Arciero, Alessandro Bar-
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Francesco Zollino, and two anonymous referees for their useful comments. We
also thank the participants who attended the CIRET Conference, Copenhagen
2016, RCEA Workshop, Rimini 2016, IAAE Conference, Sapporo 2017.
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elementary equations mean that the money paid in any transaction
is the equivalent of the goods bought at the price of sale” (Fisher
1912). Moreover, the importance of payments, together with bank-
ing and asset markets, for understanding how monetary economics
works has recently received renewed attention from the growing body
of research called New Monetarist Economics (see Williamson and
Wright 2010 and Schneider and Piazzesi 2015). Nevertheless, the use
of payment data for macroeconomic forecasting has only recently
been exploited.

Studies for Canada (Galbraith and Tkacz 2007, 2009, 2018), Por-
tugal (Esteves 2009; Duarte, Rodrigues, and Rua 2017), Denmark
(Carlsen and Storgaard 2010), and the United States (Barnett et al.
2016) find that payment transactions can help with nowcasting and
with forecasting GDP and private consumption in the short term.

It is worth noting that this strand of the literature concentrates
on payment cards (as in Esteves 2009; Carlsen and Storgaard 2010;
Duarte, Rodrigues, and Rua 2017; Galbraith and Tkacz 2018; and
Barnett et al. 2016, who also consider checks) and mainly targets
GDP and consumption, thus offering only a partial view of the whole
system of payments and of economic activity.

To the best of our knowledge, this paper is the first attempt to
assess the ability of retail payment data to make accurate short-term
forecasts, focusing on Italy and drawing on a broad set of aggregated
payments. We target both GDP and its main domestic components
(households’ consumption, HC, gross fixed investments, GFI, and
value added in the service sector, VAS) and we use a comprehensive
set of payment instruments, including credit transfers, checks, direct
debits, and debit cards. This approach allows us to conduct a more
robust empirical application than similar studies for other countries,
which mostly consider a subset of payment instruments and macro-
economic aggregates. Our data are recorded electronically through
clearing and settlement circuits managed by the Bank of Italy
(for retail transactions, BI-Comp; for wholesale payments including
customer transactions, BI-REL up to May 2008 and TARGET2-
Bank of Italy subsequently), and they are not revised because they
are recorded without errors by construction.1 Another noteworthy

1Our data are extracted from the payment system infrastructures, while in
some structural analysis data are collected by means of surveys or diaries (see
Bagnall et al. 2016).
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feature of these data is their timeliness. Indeed, the payment data
are available on a daily basis with a short delay.

We show that there is a close correlation between retail pay-
ment series (hereinafter PS) and the main macroeconomic aggre-
gates. In the empirical application, we select the indicators by
means of LASSO (least absolute shrinkage and selection operator)
and then we set up a mixed-frequency dynamic factor model to
predict the quarter-on-quarter growth of GDP and its main compo-
nents by using a large-scale monthly data set, which includes stan-
dard business cycle indicators other than payment data; we perform
out-of-sample forecasting simulations, including and excluding PS.
The contribution of PS turns out to be appreciable and promis-
ing throughout the forecasting horizon considered (from one quarter
backwards up to two quarters ahead). Moreover, the timeliness of the
payment data lets us refine the nowcasting throughout the quarter
in real time.

The rest of the paper is organized as follows. Section 2 gives
an overview of the payment system in Italy. Section 3 introduces
the data, providing some descriptive evidence on the relationship
between PS and the main macroeconomic aggregates. Section 4 deals
with the empirical application: subsection 4.1 shows that LASSO
picks PS amongst the first fourteen predictors to be included in
the model (out of the fifty indicators compiled earlier); subsec-
tion 4.2 describes the forecasting exercise and the results. Section 5
concludes.

2. Overview of the Payment System for the Italian
Economy

A payment system is the set of instruments, rules, procedures, and
technologies used to settle money transfers among economic agents.

We can distinguish between wholesale payments and retail pay-
ments. The former typically involve the banking system handling
large-value payments (interbank transactions), usually connected
with financial markets flows and refinancing operations with national
central banks; the latter refer to transactions within the circuit
of individuals and firms and closely related to economic activity
(Padoa-Schioppa 2004).
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Before the launch of the euro in 1999, the payment system in
Europe was highly fragmented. Monetary union posed the problem
of harmonizing the infrastructure to transfer money among economic
operators to foster financial and commercial integration. The broad-
based reorganization of the payment system proved mostly effec-
tive for wholesale payments, operated by two area-wide systems:
TARGET2 (Trans-European Automated Real-Time Gross Settle-
ment Express Transfer System; hereinafter T2), provided by the
Eurosystem, and EURO1, privately owned. The Bank of Italy, along
with Deutsche Bundesbank and Banque de France, helped to develop
T2, which settles the majority of wholesale transfers on a gross-real-
time basis.

As for retail payments,2 the system is not yet fully integrated.
However, since 2014 the Single Euro Payments Area (hereinafter
SEPA) has strongly promoted the standardization and interoperabil-
ity of different national clearing and settlement retail systems. The
Bank of Italy manages the BI-Comp clearing system, which works in
accordance with the rules of SEPA. BI-Comp clears domestic pay-
ments on a multilateral net basis. These payments can be settled
both in BI-Comp and in T2. In fact, due to urgency and for security
reasons, banks may prefer to settle customers’ payments in T2. This
retail branch of T2 is named T2-retail from here on in.

Retail non-cash payments settled through BI-Comp and T2-
retail add up to €5 trillion on a yearly basis (about 60 percent of the
total value of retail payments in Italy—80 percent if we only con-
sider electronic payments, excluding postal pre-printed processed
and other paper-based credit transfers), about three times higher
than the nominal value of GDP.3 Although in Italy cash payments

2The retail payments system generally uses the clearing and settlement mecha-
nism (CSM), in which one or more operators perform clearing (i.e., transmission,
matching, confirmation of payments, and calculation of a settlement position)
and settlement (completion of the payment).

3Unlike cash payments, which amount to immediate transfers of value between
the payer and the payee through bank notes and coins, non-cash payments are
exchanges of funds through accounts. It follows that the relationship between the
payer and the payee is mediated by authorized institutions (such as banks and
postal offices), which actually process the payment before settling the transac-
tion. This brings us to a crucial distinction depending on the party submitting
the payment order: that between credit-based instruments (i.e., credit transfers,
card payments), submitted by the payer, and debit-based instruments (i.e., direct
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remain the most frequently used instrument for retail payments
(about 80 percent of the number of retail payments), new infor-
mation and communication technologies have encouraged non-cash
payments, mainly those processed through electronic devices, allow-
ing greater flexibility and customization. If we consider the value of
the transactions, on average per year,4 the share of cash payments
shrinks to about 45 percent of consumer-to-business transactions
(for instance, point-of-sales, or POS, purchases) and to less than 10
percent of all transactions, including business-to-business payments.
It is worth noting that the payment data recorded in BI-Comp
include ATM cash withdrawals, which may represent a good
proxy of the transactions paid with cash (see Schmiedel, Kostova,
and Ruttenberg 2012). Data on cash withdrawals also allow us to
take into account the long-run trends on consumer payment habits
(cash versus non cash) within our forecasting approach. For the Ital-
ian economy, the percentage of cash withdrawals on the total value
of payments is fairly stable (below 5 percent) in the time span con-
sidered in the empirical application. In the same period, the figure
is also broadly stable for the euro area. Figure 1 shows the monthly
gross flow of retail payments settled through BI-Comp and T2-retail
in Italy.

The sharp decrease observed in 2014 for BI-Comp stems from
changes in the customer payment landscape following the migra-
tion to SEPA.5 Some participants reconsidered the routing policies
for their customer payments, and they ultimately opted for SEPA-
compliant automated clearinghouses other than BI-Comp and T2.
However, T2-retail has been less affected, because it meets some
specific customers’ demands concerning urgency and assurance of
payments.

debits, checks), submitted by the payee. Credit transfers are the most com-
mon credit-based instrument, while debit-based instruments include direct debits,
card payments, and checks. For a detailed description of payment instruments,
see http://www.bancaditalia.it/compiti/sispaga-mercati/strumenti-pagamento/
index.html?com.dotmarketing.htmlpage.language=1 and The Payment System:
Payments, Securities and Derivatives, and the Role of the Eurosystem, by the
European Central Bank.

4These data refer to 2014.
5SEPA represents a harmonization of procedures and platforms in the euro

zone for processing retail credit transfers and direct debits.
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Figure 1. Total Payments Settled in BI-Comp and
TARGET2-Retail (values)

Figure 2 depicts the share of transactions enabled by different
payment instruments over the total gross flows settled in BI-Comp.
Credit transfers represent the largest share (almost 55 percent);6

that of direct debits is also sizable (29 percent) since they provide
a very neat solution to managing recurrent payments (e.g., utility
bills, mortgage payments). Payment cards are far less used in Italy,
accounting for only 3 percent of the total non-cash payments; cards
are used for low-value transactions (€50–€100 for POS; €100–€200
for ATM).

However, a large share of credit card payments are recorded as
direct debits, since credit card statements are often charged to a
payer’s current account.

6For business purposes credit transfers are the most popular and suit-
able payment instrument, accounting for 80 percent of the total value of
business-to-business transactions; direct debits and checks account for 10 percent,
respectively.



Vol. 15 No. 4 Using Payment System Data to Forecast 61

Figure 2. Total Payments Settled in BI-Comp

3. Payments Data and Macroeconomic Aggregates

In this section we look at some descriptive statistics which prove the
close relationship between the main macroeconomic aggregates (such
as GDP, value added in the service sector, private consumption, and
gross fixed investments) and the payment flows. In our analysis, we
focus on retail payment instruments since they are used to settle
commercial transactions as consumer-to-business and business-to-
business payments. We find clear empirical evidence underpinning
the role of payment time series in tracking economic activity.

We rely on the BI-Comp and T2-retail systems, described in
section 2, to collect timely and high-frequency data. Data are col-
lected by the central bank for the individual transactions of the
payment systems. These systems close every day, therefore the obser-
vation error is basically nil. We do not use individual payments
(which eventually could be relevant for a big data analysis) but
instead use the aggregated monthly time series stored in Bank of
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Figure 3. BI-Comp (dashed line) and T2-Retail
(solid gray line; left-side axis) Flows Compared with

Macroeconomic Aggregates (solid black line; right-side
axis): Year-on-Year Percentage Changes

Italy’s database, which is publicly available.7 The monthly observa-
tions are simply the sum of the nominal value of all the individual
payments recorded in the month.

The annual growth of GDP and of its main components co-moves
closely with the annual growth of payment flows settled through BI-
Comp and T2-retail (see figure 3).8 The big drop at the end of the

7Data may be found at https://www.bancaditalia.it/statistiche/tematiche/
statistiche-sistema-pagamenti/index.html.

8BI-Comp and T2-retail nominal flows are divided by the GDP national
account deflator in order to obtain a measure of the volume of transactions. In
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Table 1. Correlation between Payment Flows
and Macroeconomic Indicators (year-on-year

percentage changes)

Value Added
Payment Private Gross Fixed Service
Flowsa GDP Consumption Investment Sector

BI-Comp 71.8 70.5 74.3 68.4
T2-Retail 79.4 67.7 64.0 74.3
BI-Comp + 90.7 82.5 82.3 85.9

T2-Retail

Other Indicators

M2 −38.1 −11.5 −20.4 −45.6
Industrial 92.8 68.7 74.3 79.8

Production
Business 68.5 74.9 67.3 64.3

Confidenceb

Consumer 9.9 40.0 14.3 19.7
Confidencec

aContemporaneous unconditional correlations are computed on the sample 2000:Q1–
2012:Q4 in order to exclude the break caused by the new standard SEPA.
bEconomic Sentiment Indicator (ESI) provided by Istat.
cConsumer confidence survey by Istat.

sample proves that BI-Comp was more affected than T2-retail by
the launch of SEPA in October 2014.9 Some interesting results also
emerge from the correlation matrix (see table 1).10 The correlation
between PS and the target variables is valuable and similar to the
one shown by other indicators such as industrial production and
business confidence, usually adopted in short-term forecasting. The

the empirical application (section 4), we consider nominal value, but we include
the harmonized consumer price index as a variable to control for the price effect
instead of deflating the payment series.

9The launch of SEPA has entailed the switching of some domestic credit trans-
fers and direct debits from BI-Comp into STEP2, which is the pan-European
infrastructure managed by a private body (Interbank Society for Automation).
Data on payment flows in STEP2 are not publicly available. Nonetheless, remov-
ing the outlier corresponding to the launch of SEPA turns out to be suited to
preserving the predictive ability of BI-Comp.

10We consider the contemporaneous correlation.
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results in table 1 are consistent with the picture of the payment
instruments composition in Italy. Credit transfers and direct debits
are the payment tools most relevant in terms of values; they are also
more closely correlated with the target variables than payment cards
and checks.

4. Empirical Application

4.1 Selection of the Targeted Predictors

We compiled N = 50 variables, which provide a fairly complete pic-
ture of economic activity, including indicators of industrial and ser-
vice activity (industrial production, electricity consumption, freight
truck, business confidence), households’ consumption (retail sales
of goods and services, consumers’ confidence), financial indexes, and
credit flows to firms other than time series from the payment systems
T2-retail and BI-Comp. All the variables are seasonally adjusted by
monthly seasonal dummies; as for PS, we also remove some outliers
pinned down as the peaks and troughs larger than 1.5 times the
standard deviation of the time series. These outliers are replaced by
the mean of the neighboring observations. The payment series refer
to the nominal value of the transactions.11 We also use nominal esti-
mates of GDP and of its main components. The construction of the
appropriate deflator for both PS and the macroeconomic aggregates
would require a specific analysis, therefore we decided to include
the price index12 in the final model in order to control for the price
effect.

Factor models provide a parsimonious way of handling such a
large-scale data set. Nevertheless, some recent studies have demon-
strated that using a large number of variables to estimate the com-
mon factors may worsen the forecasting performance (see Boivin
and Ng 2006). Therefore, we use LASSO (for a review of the LASSO
estimator, see Tibshirani 1996 and Hastie, Tibshirani, and Friedman
2009) to screen the variables depending on their ability to anticipate
our targets, in the same spirit as Bai and Ng (2008), who use both

11The number of transactions is also available, but in this paper we focus on
the values.

12We use the harmonized index of consumer prices for Italy.



Vol. 15 No. 4 Using Payment System Data to Forecast 65

hard and soft thresholding methods to select the so-called targeted
predictors. Moreover, the selection made by LASSO provides ini-
tial evidence of whether PS can be considered good predictors of
the short-term evolution of economic activity, compared with other
workhorse indicators for conjunctural analysis.

The monthly indicators are transformed into quarterly variables
and then the LASSO regression is performed. LASSO selects the
regressors by solving the minimization problem

min

⎛
⎝t=1∑

T

(yt −
N∑

j=1

βjXjt)2

⎞
⎠ s.t.

N∑
j=1

|βj | ≤ τ, (1)

where τ is the tuning parameter. LASSO selects nL targeted vari-
ables, among all N collected:

L̂nL
= {j ∈ {1, 2, . . . , N} : |β̂Lj | > 0}. (2)

We revise the LASSO selection by introducing and discarding a
few variables as documented below.13 With respect to the GDP
model, we get rid of the credit flows and PS-total (the sum of BI-
Comp and T2-retail); we deem the latter redundant once BI-Comp
and T2-retail are included. As for households’ consumption model,
LASSO would pick BI-Comp and PS-total, but we find it reason-
able to replace the latter (which carries redundant information if
BI-Comp is already included) with T2-retail; we discard consumers’
survey on “future personal economic situations” and two series from
the business surveys (“expected level of orders” and “expected level
of liquidity” in the consumer goods sector) which track industrial
activity more effectively. In the model for gross fixed investments,
the “expected level of production” in the intermediate goods sector is
less volatile than the “expected level of orders.” We include BI-Comp
and T2-retail otherwise discarded by LASSO in both the model for
investments and for value added in the service sector. In the lat-
ter we also include the price index, excluded by LASSO. Table 2
shows the variables finally included in our information set, În.

13As a robustness check, we estimated three alternative models. More precisely,
in the first model LASSO picks the targeted predictors and PS are in the pool of
candidates; in the second model PS are not among the candidates; and the third
model expands the second model with PS.
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Table 2. The Final Model (Î n)

Indicators GDP HC GIF VAS

Total Electricity Consumption No Yes Yes Yes
Industrial Production Yes Yes Yes Yes
Business Climate No No Yes Yes
CCS—Future General Economic Situations No No Yes Yes
CCS—Future Personal Economic Sit. No No Yes Yes
CCS—Unemployment Exp. No No Yes Yes
CCS—Saving Opportunities, Next Twelve Months Yes Yes Yes Yes
CCS—Households Balance Sheet Yes Yes Yes Yes
CCS—Current Saving Opportunities No No Yes No
BCS—Current Level of Orders (Intermediate Goods) No No Yes No
BCS—Current Level of Production (Int. Goods) No No Yes No
BCS—Expected Level of Production (Int. Goods) No No Yes Yes
BCS—Exp. Level of Orders (Int. Goods) No No No No
BCS—Future General Economic Sit. (Int. Goods) No No No No
BCS—Exp. Level of Liquidity (Int. Goods) No No No No
BCS—Current Level of Liquidity (Int. Goods) No No No No
BCS—Current Level of Orders (Investment Goods) No No No No
BCS—Current Level of Production (Inv. Goods) No No No No
BCS—Current Level of Liquidity (Inv. Goods) No No No No
BCS—Exp. Level or Orders (Inv. Goods) No No No No
BCS—Exp. Level of Production (Inv. Goods) No No No No
BCS—Future General Economic Sit. (Inv. Goods) No No No No
BCS—Exp. Level of Liquidity (Inv. Goods) No No No No
BCS—Current Level of Orders (Consumer Goods) No No No No
BCS—Current Level of Production (Cons. Goods) No No No No
BCS—Exp. Level of Orders (Cons. Goods) Yes No Yes No
BCS—Exp. Level of Production (Cons. Goods) No No No No
BCS—Future General Economic Sit. (Cons. Goods) Yes No No No
BCS—Exp. Level of Liquidity (Cons. Goods) No No No No
BCS—Current Level of Liquidity (Cons. Goods) No Yes No No
Current Accounts Deposits (Stock) No No No No
Credit Flows to Firms No No No No
HICP Yes Yes Yes Yes
FTSE Italy (Banks) No No No No
FTSE Italy (Insurance) No No No No
FTSE Italy (Transport) No No No No
PMI Services—Business Activity No No No No
PMI Services—New Business Yes No No No
PMI Manufacturing No No No No
PMI Manufacturing—Output No No No No
PMI Manufacturing—New Orders Yes Yes Yes Yes
PMI Manufacturing—Employment No No No No
PMI Manufacturing—New Export Orders No Yes No No
Freight Truck Yes No No Yes
Retail Trade—Goods Yes Yes No Yes
Retail Trade—Services No Yes No No
BI-COMP Yes Yes Yes Yes
TARGET RETAIL Yes Yes Yes Yes
Payments System—Total No No No No
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We implement a large-scale dynamic factor model on În, which
is more suitable when the cross-section size of the data set, n, is
valuable with respect to the number of observations, T. Working
with large data sets proves a robust strategy for detecting whether
PS contribute to improving accuracy in the estimation of economic
growth, since they are compared to many other indicators, often
used to track the short-term dynamics of the economy.

4.2 Forecasting Exercise

4.2.1 The Model

Let Xt be the n-vector of observable monthly variables selected
earlier and X the T × n matrix. They are driven by q common
factors, f t = [f1t, . . . , fqt]

′
, and by n idiosyncratic components,

ξt = [ξ1t, . . . , ξnt]
′
, which are assumed to be uncorrelated. The n× q

matrices Λi, for i = 1 . . . s lags, are the common-factor loadings. The
dynamic factor model

Xt = Λs(L)ft + ξt

= Λ0ft + Λ1ft−1 + Λ2ft−2 + · · · + Λsft−s + ξt

(3)

can be mapped to the static model

Xt = DFt + ξt, (4)

where Ft = [f
′

t , f
′

t−1, . . . f
′

t−s]
′ has the dimension r = q(s + 1) and

can be represented as a VAR(l) process,14

Ft = μ + Ψ1Ft−1 + · · · + ΨlFt−l + ut. (5)

As stated in Bai and Ng (2007), Ft is driven by q < r common shocks
if ut = Aεt, where εt is a q-vector of mutually orthogonal shocks
with variance equal to one and the r × q-matrix A has rank q; then
E(utu

′

t) = Σu = AΣεA
′

has reduced rank q. We estimate A as in

14We set the order l of the VAR equal to 4.
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Marcellino and Schumacher (2010): given the OLS estimate Σ̂u and
its eigenvalue decomposition MPM

′
, let M∗ be the r × q-matrix

of the first q eigenvectors and P∗ the diagonal matrix of the cor-
responding eigenvalues; then Â = M∗P

−1/2
∗ and the reduced-rank

estimate of Σu is equal to Σr
u = ÂÂ

′
. We follow Bai and Ng (2002,

2007) to set the number of static (r = 4) and dynamic (q = 1) fac-
tors and then we estimate factors’ space G(Ft) = span(F1t, . . . , Frt)
by principal components extracted from the balanced monthly data
set. More specifically, we extract from the covariance matrix of X
the first r eigenvalues and the corresponding n × 1 eigenvectors,
Vi for i = 1, . . . , r, and then we compute the T × r matrix of
the common static factors F = XV. By construction, the covari-
ance matrix of the common static factors is the diagonal matrix of
the first r eigenvalues, while Σ̂ξ is a diagonal matrix whose entries
are extracted by the diagonal of the covariance matrix of X−FD̂

′
,

where D̂ is the OLS estimate of the n × r matrix of static-factors
loadings.

The quarterly growth rate of the target variable, ytq with tq
labeled by a multiple of the last month of each quarter (i.e.,
tq = 3, 6, . . . , 3�T/3�), is projected by an unrestricted mixed-data
sampling (MIDAS) model on the monthly information G(F ) (see
Ghysels, Santa-Clara, and Valkanov 2004 for an extensive treatment
of the MIDAS model and refer to Foroni, Marcellino, and Schu-
macher 2015 for the unrestricted MIDAS model). For each quarter
tq we have m = 3 values of the monthly regressors; therefore, we
apply the Lj/m operator to obtain regressors lagged by j months
with respect to the quarter. Put formally,

ytq
= c + β0Ftq

+ β1Ftq−1/m + · · · + βpFtq−p/m + εtq

= c + β(L1/m)Ftq
+ εtq

,
(6)

where the loadings βj for j = 1, . . . , p have dimension 1 × r and are
estimated by a simple OLS. We choose p = 3. By way of example,
let us suppose Q1 is the current quarter and tq = 3�t/3�. Therefore,
the estimate of ytq will rely on information on December, January,
February, and March. Equations (4)–(6) are cast in a state-space
form. To include the quarterly growth rate of the target variable
into the state-space framework, we construct a monthly series yt,
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where yt ≡ ytq
when t ≡ tq, and is missing otherwise. If l ≥ p, the

state equation is

Xt =
[
D 0n×r(l−1)+1

]︸ ︷︷ ︸
DD

·

⎡
⎣F∗

t

yt

⎤
⎦ + et, (7)

where

F∗
t =

{
[F′

t,F
′
t−1, . . .F

′
t−l+1]

′ if l ≥ p
[F′

t,F
′
t−1, . . .F

′
t−p+1]

′ otherwise (8)

and et = [ξt, 0]
′ ∼ N(0(n+1)×1,R) with R =

[
Σξ 0
0 0

]
; the transition

equation is

⎡
⎣ Irl 0rl×1

−β0 01×r(l−1) 1

⎤
⎦

︸ ︷︷ ︸
H

·

⎡
⎣F∗

t

yt

⎤
⎦ =

⎡
⎢⎢⎣

[
Psi
I∗

]
0rl×1

[
β1 · · ·βp

]
01×r(l−p)+1

⎤
⎥⎥⎦

︸ ︷︷ ︸
G

·

⎡
⎣F∗

t−1

yt−1

⎤
⎦

+

⎡
⎣ μ

0r(l−1)×1
c

⎤
⎦

︸ ︷︷ ︸
d

+

⎡
⎣ ut

0r(l−1)×1
εt

⎤
⎦ , (9)

where

[
Psi
I∗

]
=

⎡
⎢⎢⎢⎣

Ψ1 Ψ2 · · · Ψl

Ir 0r×r(l−1)
...

0r×r(l−2) Ir 0r×r

⎤
⎥⎥⎥⎦ ,

while if l < p, the state equation is

Xt =
[
D 0n×r(p−1)+1

]
·

⎡
⎣F∗

t

yt

⎤
⎦ + et (10)
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and the transition equation is

⎡
⎣ Irp 0rp×1

−β0 01×r(p−1) 1

⎤
⎦·

⎡
⎣F∗

t

yt

⎤
⎦ =

⎡
⎢⎢⎢⎢⎢⎢⎣

[
Psi
I∗

]
0rl×r(p−l)+1

0r(p−l)×rp+1[
β1 · · ·βp

]
0

⎤
⎥⎥⎥⎥⎥⎥⎦·

⎡
⎣F∗

t−1

yt−1

⎤
⎦

+

⎡
⎣ μ

0r(p−1)×1
c

⎤
⎦ +

⎡
⎣ ut

0r(p−1)×1
εt

⎤
⎦

(11)

with

⎡
⎣ut

0
εt

⎤
⎦ ∼ N(0,Q) and Q =

⎡
⎣Σr

u 0

0 σ2
ε

⎤
⎦. We implement the

Kalman recursions (Kim and Nelson 1999) to extract the smoothed
state variable FFt = [F∗′

t yt]′. Let Tν be the vintage of the
monthly series and h the forecasting horizon in terms of quarters;
then the smoothed state variable is the estimate at time t, for
t = 1, 2, . . . , Tν + 3h, based on information up to T = Tν + 3h + 1,
i.e., FFt|T . This is very appreciable because we use the latest infor-
mation to infer the dynamics of the state variable. In fact, when
t = Tν+1, . . . , Tν+3h, all observations are missing and they are given
no weight by the Kalman filter, which basically forecasts the factors
as elaborated in Giannone, Reichlin, and Small (2008). In practice,
we impose infinite variance to the i-th idiosyncratic component if
the i-th observable variable is missing. In so doing, the weight of
the missing observation will fade when computing the Kalman gain,
which projects the Xs onto the space spanned by the idiosyncratic
factors. In particular, we are interested in forecasting the target vari-
able at time Tqν + h, where Tqν is the quarter corresponding to the
month Tν :

yTqν +h = c + β(L1/m)FTqν +h|T + εTqν +h. (12)
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4.2.2 Out-of-Sample Simulation

We conduct an out-of-sample forecasting exercise at different hori-
zons (h = −1, 0, 1, 2)15 to assess how the forecasting performance of
our models changes depending on whether we include or exclude PS
from the set of regressors.

We run a pseudo real-time simulation; therefore, we use the lat-
est available vintage of data and we cut it period by period, being
careful to replicate the missing values’ pattern at the end of the sam-
ple.16 This data set ranges from January 2000 to November 2015,
and it is balanced on August 2015.

The exercise is carried out on two different time intervals. The
first estimation sample goes from January 2000 to April 2008 and
expands until the last balanced date (i.e., August 2015). The current
period is assumed to be two months after the balanced date, there-
fore the first pseudo vintage is June 2008 and we nowcast 2008:Q2
and make two-steps-ahead forecasts for 2008:Q3 and 2008:Q4. We
end up with the first sample of forecasting errors, which is 2008:Q2–
2015:Q2. The second estimation sample goes from January 2000
to July 2011 and the sample of the forecasting errors is 2011:Q3–
2015:Q2.

The benchmark model includes all the variables listed in the
column “Final Model” of table 2 and is compared with the model
replacing PS with the first variable discarded by LASSO for each
target Î−PS .17 In fact, we consider two benchmark models: the first
includes only T2-retail such as payment series (ÎT2) while the second

15The forecasting horizon depends on which month of the quarter is taken
as the pseudo vintage. For instance, in the first month of quarter tq, we back-
cast (h = −1) the target variable of the previous quarter not yet released by the
national statistical office (Istat); we also nowcast (h = 0) and forecast one quarter
and two quarters ahead (h = 1, 2).

16It is reasonable that the final estimate of GDP is related more closely to the
payment series as well as to the final revised versions of other macroeconomic
variables. If the latter were in real time, then the payment series may have been
given an unfair advantage. Therefore, by making everything observed as their
final revised values, we prevent this risk.

17Electricity consumption for GDP; business climate for HC; orders’
expectations—intermediate goods for GFI; households’ current saving conve-
nience for VAS. As for GFI and VAS, PS are initially discarded by LASSO and
we reintroduce them in place of orders’ expecations—intermediate goods and
households’ current saving convenience, respectively.
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Table 3. Relative RMSFE of the Model including only
T2-Retail

Forecast Forecast
Backcast Nowcast One Step Two Steps

HC 2008:Q2–2015:Q2 1.10 1.14 1.15 1.14
2011:Q3–2015:Q2 0.97 0.98 1.04 1.06

GFI 2008:Q2–2015:Q2 1.00 0.93 1.06 1.07
2011:Q3–2015:Q2 0.80 0.82 1.17 1.12

VAS 2008:Q2–2015:Q2 1.00 1.08 1.11 1.12
2011:Q3–2015:Q2 1.01 1.03 0.99 0.98

GDP 2008:Q2–2015:Q2 0.74 0.86 1.04 1.11
2011:Q3–2015:Q2 1.28 1.10 0.91∗ 0.94

Notes: This table shows the relative RMSFE of the model including only T2-retail (ÎT2)
vis-à-vis the model replacing payment series with the first variable discarded by LASSO
for each target (Î−P S). For GDP, the Diebold-Mariano test (with HAC variance estima-
tors) is computed: the null hypothesis is that the out-of-sample errors of the competing
models are equal. * shows p-values < 0.05, ** p-values < 0.01, and *** p-values < 0.001.

includes both T2-retail and BI-Comp (ÎT2,BC). Tables 3 and 4 show
the root mean square forecasting error (RMSFE) of the competing
models Î−PS relative to the RMSFE of the two benchmark models.
A figure greater than one means that PS improve the forecasting per-
formance. PS improve the forecasting accuracy broadly.18 In general,
information on retail payments plays a role when the targets are pro-
jected one quarter and two quarters ahead, irrespective of the time
interval, and it tracks well the dynamics of households’ consump-
tion.19 In particular, we record a forecasting gain throughout the
horizons in ÎT2,BC .

18We compared the forecast accuracy of non-nested models (when we exclude
the payment variable we include the first excluded indicator in LASSO); therefore,
we used the Diebold-Mariano test (with heteroskedasticity and autocorrelation
consistent, HAC, variance estimators) of forecast accuracy. We computed this
test for GDP forecasts, but we did not find a clear pattern of statistical signifi-
cance. We interpret this finding as a result of the small out-of-sample window in
our forecasting application.

19Regarding the three alternative specifications described in footnote 13, the
results on the role of payment series in forecasting are mixed. However, these mod-
els generally worsen the forecasting performance compared with the benchmark
ÎT2,BC (the results are available on request).
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Table 4. Relative RMSFE of the Model including both
T2-Retail and BI-Comp

Forecast Forecast
Backcast Nowcast One Step Two Steps

HC 2008:Q2–2015:Q2 1.23 1.21 1.13 1.10
2011:Q3–2015:Q2 1.09 1.07 1.09 1.06

GFI 2008:Q2–2015:Q2 1.10 1.07 1.24 1.22
2011:Q3–2015:Q2 0.80 0.82 1.17 1.12

VAS 2008:Q2–2015:Q2 1.08 1.13 1.09 1.09
2011:Q3–2015:Q2 1.10 1.08 1.01 1.01

GDP 2008:Q2–2015:Q2 0.93 0.98 1.07 1.09
2011:Q3–2015:Q2 1.79 1.58∗∗ 1.05 1.01

Notes: This table shows the relative RMSFE of the model including both T2-retail and
BI-Comp (ÎT2,BC) vis-à-vis the model replacing payment series with the first variable dis-
carded by LASSO for each target (Î−P S). For GDP, the Diebold-Mariano test (with HAC
variance estimators) is computed: the null hypothesis is that the out-of-sample errors
of the competing models are equal. * shows p-values < 0.05, ** p-values < 0.01, and
*** p-values < 0.001.

Model ÎT2,BC performs better than ÎT2; however, the latter also
yields some valuable results. T2 shrinks the RMSFE for backcasting
and nowcasting GDP by 28 percent and 10 percent, respectively,
during the turmoil sparked by the sovereign debt crisis; in the same
period, we gain 17 percent of predictive accuracy when forecasting
investments one step ahead.

Some remarkable results come out of ÎT2,BC . The forecasting per-
formance improves for HC and GFI throughout the horizons when
we consider the longest sample. As for activity in the service sec-
tor, in the same period PS lowers the RMSFE for nowcasting by 13
percent. The most notable outcome regards the backcast and the
nowcast of GDP during the last four years. In this case, using PS
lowers the RMSFE by 79 percent and 58 percent, respectively.

These results bear out the suitability of PS to making predictions
of real activity. The model we used, which belongs to the class of
models with large data sets, strengthens our claim further. Indeed,
within a factor model framework the marginal contribution of the
single indicator to the covariance of the common components typ-
ically fades as the cross-section dimension of the data set becomes
sizable.
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Table 5. Relative RMSFE for the Second and the Third
Month of the Quarter vis-à-vis the First Month

(percentage values)

2005:Q2–2015:Q2

Î T2,BC Î−P S

First Month
Second Month −5.9 −2.9
Third Month −21.0 −18.0

Note: The figure is the ratio between the RMSFE in both the second and the third month
of the quarter and in the first month.

One of the most appealing characteristics of the payment sys-
tem data is their timeliness, since they are available in the refer-
ence month. Therefore, we can assess how much we benefit from the
monthly real-time information on PS to improve the nowcast dur-
ing the quarter. This experiment is conducted for GDP only. PS are
assumed to be the most timely regressors of the GDP model, while
the other explicative variables are two months late with respect to
the reference period. Using the same pseudo real-time simulation
exercise, we update the nowcast each month of the quarter and we
observe how the RMSFE changes. We compare the nowcast made
in the first month of the quarter with the nowcast made in the sec-
ond and in the third month by ÎT2,BC and Î−PS , where the latter
replaces PS with the total electricity consumption, which is as timely
as PS. In so doing, we lose two-thirds of the observations, so we use
a longer sample, from 2005:Q2 to 2015:Q2. In table 5 we observe a
monotonic improvement of the forecasting accuracy from the first to
the last month of the quarter for both models, as expected. However,
ÎT2,BC performs somewhat better than Î−PS . When we are in the
second month of the quarter, the nowcast by ÎT2,BC is 5.9 percent
more accurate than the nowcast made in the first month (2.9 per-
cent by Î−PS). The accuracy improves further in the third month of
the quarter (the nowcast is 21 percent more precise than in the first
month—18 percent by Î−PS).
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4.2.3 Observation Weights

One of the most common remarks made about factor models con-
cerns the possibility of disentangling the contribution of the observ-
able variables to the forecasts. The variance of ytq is explained by
the common factors, as shown in (6), which are not given any defi-
nite economic meaning. As showed in Koopman and Harvey (2003),
the output of the Kalman recursions can be used to measure the
weights attached to the observable variables in Xj when forecasting
ytq , for j = 1, . . . , Tν + 3h + 1. The smoothed state vector can be
expressed as the weighted sum:

FFt|T =
T∑

j=1

wj(FFt|T )Xj , (13)

where the weights wj(·) are a function of the state vector. Each
month t, the weights are computed by the backward recursions
(for j = t − 1, t − 2, . . . , 1) and the forward recursions (for j =
t, t + 1, . . . , T ) introduced in Koopman and Harvey (2003).20 Let us
define Lt = Z−KtDD, Nt = DD

′
S−1

t DD+L
′

tNtLt for t = T, . . . , 1
and NT = 0; Ct = DD

′
Jt − Z

′
NtKt where Jt = S−1

t + K
′

tNtKt

for t = T, . . . , 1. The weights for filtering are given by the following
recursions:

wj(FFt|t−1) = Bt,jKj , Bt,j−1 = Bt,jZ − wj(FFt|t−1)DD (14)

for j = t − 1, . . . , 1 with Bt,t−1 = I − Pt|t−1Nt−1, while the weights
for smoothing are given by

wj(FFt|T ) = (I − Pt|t−1Nt−1)wj(FFt|t−1), j < t (15)

wj(FFt|T ) = B∗
t,jCj B∗

t,j+1 = B∗
t,jL

′

j , j = t, . . . , T (16)

with B∗
t|t = Pt|t−1.

Figure 4 shows the weights attached to T2-retail (black
bars) and to some other indicators (gray bars), which track the
short-term evolution of economic activity very well (such as the

20A detailed description of the algorithms may be found in Koopman and
Harvey (2003, p. 1322).
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Figure 4. Weights for Nowcasting (PS: black bar;
other variable: gray bar)

industrial production index; freight truck; households’ confidence
about their own balance sheet; households’ consumption of goods;
manufacturing PMI—new orders; and service PMI—new business).
Let us assume that the current month is October 2015. Therefore,
we need to anticipate GDP growth 2015:Q4 (nowcasting).

The weights of PS are comparable to those of industrial produc-
tion and of households’ consumption of goods; the latest available
data on PS help make up for the missing information on industrial
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production and households’ consumption at the end of the sam-
ple. PS have sizable weights compared with those of the qualita-
tive surveys (PMIs and households’ confidence about the balance
sheet); this means that past information on PS is more effective
than that on very timely and cyclical indicators in anticipating GDP
growth.

5. Conclusions

Our findings show that payment data track economic activity.
We look at different aggregates of payment system flows in Italy,
together with other indicators usually adopted in macroeconomic
forecasting, and we see that they maintain some additional infor-
mation content. We start from a large database of short-term
monthly indicators, and LASSO selects the payments jointly with
other standard business cycle indicators (e.g., industrial production
and business surveys), for both GDP and households’ consumption.
Moreover, an out-of-sample forecasting application using a mixed-
frequency factor model shows that the model including retail pay-
ment flows generally outperforms the one based on standard short-
term indicators only, in terms of forecasting accuracy. The results
are shown not only for GDP but also for consumption, investments,
and value added in the service sector. In order to disentangle the
contribution of the observable variables to the forecasts of GDP, we
estimate the weights proposed in Koopman and Harvey (2003), and
we find that the weights attached to PS are comparable to those
of some of the most important short-term indicators generally used
to track economic activity. Using the mixed-frequency feature of our
model, we show that the timeliness of the payment data improves the
forecast accuracy during the quarter, more than other comparable
short-term indicators.

The way we pay is changing following the digitalization of retail
payments, and this process fosters the production of big data, which
the analysts can rely on. Payment data indicators used in this
model are the aggregate of a huge number of transactions. How-
ever, the forecasting ability of these indicators paves the way for
future research exploring the big data structure of the individual
transactions.
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The effects of monetary policy during financial crises differ
substantially from those in normal times. Using a panel VAR
for twenty advanced economies, we show that monetary policy
has larger and quicker effects during financial crises on out-
put and inflation, and also on various other macroeconomic
variables like credit, asset prices, uncertainty, and consumer
confidence. The effects on output and inflation are particu-
larly strong during the acute phase of financial crises when
the economy is also in recession, while they are weaker during
the subsequent recovery phase. We find differences in the size
and the timing of monetary policy actions during the global
financial crisis of 2008/09 across countries that may have con-
tributed to the different macroeconomic performance across
countries.
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1. Introduction

During the global financial crisis that started in 2007, many central
banks eased monetary policy aggressively in order to alleviate finan-
cial market distress, boost output, and stabilize inflation. Monetary
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policy was largely successful in mitigating financial market distress,
but output growth and inflation remained lower than expected in
many advanced economies and the recoveries were widely perceived
as disappointingly sluggish (see, e.g., Pain et al. 2014). These obser-
vations led to a broad-based debate on whether the transmission
channels of monetary policy were impaired due to the global finan-
cial crisis and whether monetary policy is in general less effective
during financial crises and their aftermath (see, e.g., Bouis et al.
2013).

The relevance of this debate goes beyond the central banks’ gen-
eral need for assessing the effectiveness of their policies. It is cru-
cial for defining a policy mix that can stabilize the economy during
financial crises. If monetary policy is less effective in such crises, the
questions arise whether larger monetary stimulus needs to be pro-
vided in order to achieve the desired effects; whether other policies,
such as fiscal policy, need to be used more extensively; or whether
sluggish recoveries after financial crises must be tolerated given that
there is little scope for monetary policy. In this regard, the ques-
tion of monetary policy effectiveness during financial crises is also
relevant for the assessment of undesirable side effects, such as exces-
sive risk-taking and asset price bubbles, that can occur if monetary
policy remains highly expansionary for an extended period of time
(see, e.g., Rajan 2005; Altunbasa, Gambacorta, and Marques-Ibanez
2014; Jiménez et al. 2014).

Financial crises exhibit several characteristics that can influence
the transmission of monetary policy: high financial market distress,
macroeconomic volatility and uncertainty, low confidence of market
participants, and substantial balance sheet adjustments of firms and
households. All these adverse characteristics might impair the trans-
mission of monetary policy. In particular, banks might be unwill-
ing to extend their credit supply, because they face higher credit
default risk and because they need to adjust their balance sheets
after previous losses (Bouis et al. 2013; Buch, Buchholz, and Tonzer
2014; Valencia 2017). Also, financial crises are typically preceded
by asset price bubbles and credit and consumption booms and,
as a consequence, are typically followed by deleveraging of house-
holds and firms and increasing risk aversion (Reinhart and Rogoff
2008). Hence, in such periods, credit supply and demand may remain
weak, irrespective of the interest rate set by the monetary authority,
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thus hampering the credit channel of monetary policy. The interest
rate channel of monetary policy may be impaired, because in times
of high uncertainty investors may postpone irreversible investment
decisions until more information arrives (see, e.g., Bernanke 1983;
Dixit and Pindyck 1994). Uncertainty then becomes a major deter-
minant of investment decisions, whereas monetary policy loses its
impact (Bloom, Bond, and Reenen 2007). Similarly, the interest rate
responsiveness of investment may decline when firms and consumers
have low confidence in their business or employment prospects (Mor-
gan 1993). Finally, it may become more difficult for central banks to
stabilize output because in times of high macroeconomic volatility
firms tend to adjust their prices more often (Vavra 2014).

On the other hand, a monetary policy intervention could also be
particularly effective, if it can mitigate some of the adverse finan-
cial crisis characteristics and thus prevent adverse feedback loops
between the financial sector and the real economy, thereby restor-
ing the functioning of the credit and interest rate channel (see, e.g.,
Mishkin 2009). In particular, credit constraints are more likely to
bind during financial crises, leading to an increase in the external
finance premium. Monetary policy may in this situation be able to
decrease the external finance premium by easing credit constraints,
so that the financial accelerator of Bernanke, Gertler, and Gilchrist
(1999) would make monetary policy particularly effective. Moreover,
while being less effective in the presence of high financial market dis-
tress and uncertainty, monetary policy can be all the more powerful
if it is able to significantly alleviate financial market distress and
reduce uncertainty (Bekaert, Hoerova, and Lo Duca 2013; Basu and
Bundick 2017). Similarly, monetary policy can be more effective if
it is able to raise confidence from very low levels, by providing sig-
nals about future economic prospects (Barsky and Sims 2012), by
decreasing the probability of worst-case outcomes, and by improving
the ability of agents to make probability assessments about future
events (Ilut and Schneider 2014).1

It is therefore a priori ambiguous whether monetary policy is
more or less effective during financial crises than during normal

1Bachmann and Sims (2012) provide evidence that the confidence channel is
important for the effectiveness of fiscal policy in stimulating economic activity.
Similar effects are conceivable in the context of monetary policy.
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times. This ambiguity is further enhanced as crisis characteristics
may vary over the course of a financial crisis (Borio and Hofmann
2017). Financial market distress and high uncertainty are primarily
present in the initial and most acute phase of a financial crisis, when
the economy is typically in a recession. In contrast, balance sheet
adjustments may gain importance when financial market distress
and uncertainty abate and the economy begins to recover.

Given the mixed theoretical predictions, the effectiveness of mon-
etary policy during financial crises becomes an empirical question.
However, such an analysis is made difficult, because financial crises
are rare events and there is no unique definition of a financial crisis.
We attempt to overcome these issues by exploiting the panel dimen-
sion of the data for twenty advanced economies over the period from
1984 to 2016 and by employing as measure of financial crises the
widely used data set of Laeven and Valencia (2013), which identi-
fies systematic banking crises via a transparent narrative approach.
This approach captures systemic disruptions in the banking sys-
tem, but it excludes periods during which financial stress is high for
other reasons, such as political events or natural catastrophes. Our
sample covers twenty financial crisis episodes that last 4.5 years on
average. With fifteen out of twenty financial crisis episodes, our sam-
ple reflects to a large extent the global financial crisis that started
in 2007, but also includes five earlier more regionally bounded
crises.

We analyze differences in the transmission of monetary policy
during financial crises and normal times using the interacted panel
VAR (PVAR) methodology of Sá, Towbin, and Wieladek (2014),
in which we interact the endogenous variables with a financial cri-
sis indicator variable. This panel approach exploits the cross-section
dimension of the data to improve the precision of the estimation,
while allowing for a large degree of heterogeneity across countries.
The PVAR model includes GDP and CPI as the main variables of
interest and, in the baseline specification, the three-month interest
rates as monetary policy instrument. We include several additional
macroeconomic and financial variables, which are potentially impor-
tant for the monetary policy transmission mechanism, such as credit,
exchange rates, house prices, and stock market volatility as a proxy
for uncertainty. We identify monetary policy shocks using a recursive
identification.
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In the baseline model, all variables in the VAR are interacted
with financial crisis dummies in order to analyze differences in the
transmission of monetary policy shocks between financial crises and
normal times. In an extended model, we further investigate poten-
tial heterogeneity between different phases of financial crises: the
acute phase, where the financial crisis is accompanied by a reces-
sion, and the recovery phase, where the financial crisis is ongoing
but the economy is already in expansion. We use the Bry-Boschan
algorithm to identify recession episodes, which is the most commonly
used algorithm in the literature. The extended model can provide a
more comprehensive understanding of monetary policy transmission
during financial crises. However, it is also more prone to method-
ological limitations due to the reduced number of observations in
each regime resulting from splitting financial crisis episodes into dif-
ferent phases, and due to the uncertainty inherent to the dating of
recessions, on which our phase definition is built.

We find that the effects of monetary policy shocks on output
and inflation are significantly larger and occur faster during finan-
cial crises than during normal times. Monetary policy shocks also
explain a larger share of business cycle fluctuations during finan-
cial crises, according to forecast error variance decompositions. The
effects of monetary policy shocks on uncertainty, credit, consumer
confidence, and share prices are significantly larger compared with
normal times, suggesting that these variables may play an important
role in the transmission of monetary policy in financial crises. Fur-
ther, we find that distinguishing between the acute and the recovery
phases of financial crises can provide a more comprehensive picture
of differences in the effects of monetary policy over the course of a
crisis. An expansionary monetary policy shock has large and very
quick positive effects on output and inflation during the acute phase
of a financial crisis. On the other hand, during the recovery phase
of a financial crisis the effects of monetary policy shocks occur at
longer lags and have rather small effects on output and inflation,
while the effects of financial variables are sizable. Finally, we find
heterogeneity across countries with respect to the size and the tim-
ing of monetary policy actions during the global financial crisis. In
the United States, monetary policy was eased quickly in 2008, miti-
gating the biggest drop in GDP at the end of 2008 and the beginning
of 2009. By contrast, interest rates in the euro area were lowered
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about one year later, so that monetary policy shocks in many mem-
ber states appear to have been contractionary in 2008 through the
lens of our model and not to have mitigated the drop in GDP, as we
show using counterfactual simulations. Euro-area monetary policy
shocks became expansionary only at a later stage for most member
states, in particular during the second recession in 2012/13, thus
likely contributing to the final recovery.

We carefully check whether our results are affected by the zero
lower bound and by unconventional monetary policies that have
become relevant during the global financial crisis of 2008/09. In
an alternative specification, we use estimated shadow interest rates
from Wu and Xia (2016) to account for the zero lower bound and
the effects of unconventional monetary policy for the United States,
the United Kingdom, and the euro area. We also apply a more
deterministic approach by excluding all observations in which the
three-month interest rate is lower than 30 basis points.

Our finding that the effects of monetary policy are strong during
financial crises and in particular during the acute phase, but less
so in the recovery phase, are in line with findings of related empir-
ical studies. Ciccarelli, Maddaloni, and Peydró (2013) analyze the
effects of monetary policy in the euro area. They extend the end of
their sample recursively from 2007 until 2011 and find, in line with
our results, that monetary policy became more effective at stimulat-
ing economic activity during the global financial crisis, mainly via
the credit channel. Dahlhaus (2017) focuses on the United States
and finds that monetary policy is more effective in stimulating the
economy during a high financial stress regime. By contrast, Bech,
Gambacorta, and Kharroubi (2014) focus on the recovery period of
financial crises by studying the effects of the monetary policy stance
during recession episodes on the strength of the subsequent recovery
for a panel of twenty-four advanced economies. They find that mon-
etary policy is not very effective in stimulating GDP growth during
the recovery phase of a financial crisis.2

2Other studies on monetary policy transmission during financial crises have
focused on the effects of unconventional monetary policy (see, e.g., Gambacorta,
Hofmann, and Peersman 2014 for a panel analysis or Williams 2014 for a sur-
vey). However, it is not possible to conclude whether monetary policy is more
or less effective during financial crises compared with non-crisis times based on
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The remainder of the paper is organized as follows. Section 2
describes the data set. Section 3 explains the econometric methodol-
ogy. Section 4 presents and discusses the estimation results including
various robustness checks. Finally, section 5 concludes.

2. Data

We first describe the panel data set of the endogenous variables for
the PVAR and then our identification of financial crisis episodes, as
well as the two phases of financial crises.

2.1 Data on Endogenous Variables

Our panel data set covers twenty advanced economies.3 We use quar-
terly data for the period from the first quarter of 1984 to the fourth
quarter of 2016, which provides us with a total of 2,640 observa-
tions.4 Our baseline PVAR includes nine variables: real GDP, CPI,
real house prices, the short-term interest rate, bank credit to the
private non-financial sector, the effective exchange rate, consumer
confidence, share prices, and stock price volatility.

GDP, CPI, three-month interest rates, effective exchange rates,
and share prices data are taken from the OECD.5 For the eleven
countries in our sample that are members of the euro area, the
aggregate euro-area three-month interest rates are used from 1999
onwards (from 2001 onwards in the case of Greece), accounting for
their common monetary policy. Real house prices data come from

these studies because of the limited comparability of shocks to unconventional
and conventional monetary policy measures.

3These are Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Japan, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, the United Kingdom, and the United States.

4The year 1984 was also chosen in previous studies that used panel models
similar to ours (see, e.g., Sá, Towbin, and Wieladek 2014). Moreover, some of the
endogenous variables, such as consumer confidence, are not available for several
countries for longer samples. Starting our sample in 1970 instead of 1984 would
only have added one financial crisis to our sample, i.e., the crisis in Spain between
1977 and 1981. Indeed, our results are robust when we estimate a model without
consumer confidence from 1970 to 2016.

5Table A1 in the online appendix (available at http://www.ijcb.org) provides
an overview of our data set and our data sources.
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the International House Price Database from the Federal Reserve
Bank of Dallas. Data for bank credit to the private non-financial
sector are taken from the Bank for International Settlements. The
consumer confidence measure is based on survey data and is obtained
from various national sources via Thomson Financial Datastream.
For example, for economies in the European Union, data stem from
the Business and Consumer Surveys of the European Commission.
Consumer confidence data are standardized to ensure an identical
scale across countries. Finally, we follow Bloom (2009) and Cesa-
Bianchi, Pesaran, and Rebucci (2018) and use stock market volatility
as a measure of uncertainty. We calculate this measure as the aver-
age realized volatilities of daily stock returns for each quarter. The
stock market indicators used represent the major stock indexes in
each country and are obtained from Thomson Financial Datastream.
We take logs of all variables except interest rates and consumer con-
fidence indexes. Data not available in seasonally adjusted form are
adjusted using a stable seasonal filter.

2.2 Financial Crises

We use the systematic banking crises identified by Laeven and Valen-
cia (2013) to date financial crises. The data set is provided in annual
frequency for the period from 1970 to 2011 for the twenty economies
in our panel. Laeven and Valencia (2013) define the starting year of
a banking crisis as when the two following criteria are met in the
same year for the first time:

(i) Significant signs of financial distress in the banking system
(as indicated by significant bank runs, losses in the banking
system, and/or bank liquidations).

(ii) Significant banking policy intervention measures in response
to significant losses in the banking system.

They consider the first criterion as a necessary and sufficient
condition for a banking crisis. The second criterion is added as an
indirect measure because financial distress is often difficult to quan-
tify. They define the end of a banking crisis as the year before both
real GDP growth and real credit growth remain positive for at least
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two consecutive years. In addition, they truncate financial crises after
a maximum duration of five years.

We make two adjustments to the data set of Laeven and Valen-
cia (2013) in order to make it applicable for our analysis. First, we
transform their annual data set to a quarterly frequency. We follow
the simplest and least restrictive approach and assume that a finan-
cial crisis begins in the first quarter of its first year and ends in the
last quarter of its last year.6 Second, the data set of Laeven and
Valencia (2013) only covers up to 2011 and does not include the end
of some of the financial crises that started in 2008. Therefore, we
extend the database until the year 2016. We use the same criteria
as Laeven and Valencia (2013) to define the end of financial crises,
based on real GDP and credit data and a maximum duration of
financial crises of five years.7

On the basis of this data set, we construct a financial crisis
dummy Di,t, which takes a value of one when there is a financial
crisis in country i at period t, and a value of zero otherwise. In our
main analysis, we distinguish between two regimes on the basis of
this dummy: financial crises and normal times.

In an extended analysis, we further distinguish between an acute
and a recovery phase of a financial crisis. We understand the acute
phase of a financial crisis as a period during which the immediate
impact of the crisis on the economy is most noticeable, e.g., via
high volatility and weak economic activity. The recovery phase is
understood as the period when this immediate impact of the cri-
sis has largely disappeared but the legacy of the crisis may still
impact the economy, e.g., via balance sheet adjustments. As there
is no single indicator available that allows for a sharp distinction

6As shown in the online appendix, results are very similar when using a more
restrictive approach for the transformation to the quarterly frequency, where
financial crises are set to begin in the fourth quarter of their first year and end
in the first quarter of the last year.

7We make one exception to the truncation scheme of Laeven and Valencia
(2013). In seven countries in our sample, the recession which began during the
financial crisis in 2008 was still ongoing for some quarters in 2013. In these coun-
tries, we assume that the financial crisis ends together with the recession in 2013
instead of truncating it at the end of 2012. This extension only affects twelve
quarterly observations in total and does not drive our results, but it assures
a more consistent treatment of recessions that arise during financial crises, as
opposed to normal recessions.
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Table 1. Summary Statistics: Financial Crisis and
Recession Episodes

Average
Length

Quarters Share Episodes (Quarters)

Financial Crises

Total 367 14% 20 18
Acute Phase 190 7% 30 6

(FC + Recession)
Recovery Phase 177 7% 34 5

(FC + Expansion)

Normal Times

Total 2,273 86%
Recession 196 7% 56 4
Expansion 2,077 79%

Note: The table shows data for 2,640 total observations over twenty countries
between 1984:Q1 and 2016:Q4.

between these two phases, we follow the literature on asymmetric
effects of monetary policy over the business cycle and use business
cycle phases to distinguish between acute phases and recovery phases
of financial crises. For this purpose, we use the Harding and Pagan
(2002) version of the Bry-Boschan algorithm, which is the most fre-
quently applied business cycle dating algorithm in the literature, to
define—similarly to the financial crisis dummy indicator—a reces-
sion dummy.8 Based on the financial crisis dummy and the recession
dummy, we define four regimes: the acute phase of a financial crisis
(financial crisis and recession), the recovery phase of a financial cri-
sis (financial crisis and expansion), and recessions and expansions in
normal times.

Table 1 shows some summary statistics regarding the number
of observations, and the length and frequency of financial crisis

8This algorithm identifies local peaks and troughs in real GDP and defines
a recession as the period from the peak to the trough and an expansion as the
period from trough to peak.
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episodes. There are twenty financial crisis episodes in our sample.
With an average length of eighteen quarters, financial crises are
rather persistent. The episodes cover 367 quarters in the sample
and thus about 14 percent of the total 2,640 observations. In addi-
tion, there are eighty-six recession episodes in the sample, of which
thirty occur during financial crises and fifty-six during normal times.
Recession episodes are much less persistent than financial crises, with
an average length of six quarters when they occur during a financial
crisis and a length of four quarters in normal times. Within finan-
cial crisis episodes, there is a roughly similar number of acute and
recovery episodes of a length of five to six quarters, as about half
of the financial crisis quarters are recessionary. All twenty financial
crisis episodes are accompanied by at least one recession, which usu-
ally occurs at the beginning of a financial crisis. However, in some
cases—in particular, during the global financial crisis that started
in 2007—two separate recessions occurred during the financial crisis,
with a recovery phase in between.

In terms of the regional distribution, two financial crises occurred
in Sweden and the United States, no financial crises occurred in Aus-
tralia and Canada, whereas each of the other economies experienced
one financial crisis. The number of recessions per economy ranges
from two (Canada, Australia, Netherlands, and Ireland) to seven
(Greece). Our sample of financial crises is dominated by the global
financial crisis that started in 2007, as fifteen out of twenty financial
crises took place in this period. Apart from that, one financial crisis
occurred in the United States during 1988; three during the early
1990s in Finland, Norway, and Sweden; and one in Japan around
the year 2000.

3. Methodology

We base our empirical model on the Bayesian interacted PVAR
methodology developed in Sá, Towbin, and Wieladek (2014), which
extends the model of Towbin and Weber (2013) using cross-country
heterogeneous coefficients. The model exploits the cross-country
dimension of the data, accounts for the dynamics between the main
macroeconomic variables, and allows for interactions between macro-
economic variables and exogenous terms, i.e., financial crisis and
recession dummy variables in our study.
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3.1 Interacted PVAR Model

We start by describing the simple PVAR model without interaction
terms.9 The PVAR in structural form is given by

JiYi,t = Ãi,0 +
L∑

k=1

Ãi,kYi,t−k + ũi,t, (1)

where t = 1, . . . , T denotes time, i = 1, . . . , N denotes the coun-
try, Yi,t is a q × 1 vector of endogenous variables, Ãi,0 is a vector
of country-specific intercepts, and Ãi,k is a q × q matrix of auto-
regressive coefficients up to lag L.10 The q × q matrix of contempo-
raneous effects Ji is lower triangular with a vector of ones on the
main diagonal. The q×1 vector of structural residuals ũi,t is assumed
to be normally distributed with a mean of zero and with a diagonal
q × q covariance matrix Σ̃.

We follow Sá, Towbin, and Wieladek (2014) by allowing for het-
erogeneous intercepts Ãi,0 and heterogeneous slope parameters Ãi,k

across countries. Moreover, we also allow the parameters of the con-
temporaneous coefficients matrix Ji to vary across countries by esti-
mating the model recursively, i.e., directly in its structural form.
Country-specific coefficients result from adding dummy variables for
each country into the model. In order to compute the average effect
over countries, we assign the value of 1/N to each of the country-
specific dummies. For the PVAR without interaction terms, this
approach is equivalent to the mean group estimator of Pesaran and

9PVARs have been used in various empirical analyses of monetary policy to
improve the precision of the estimation and to detect common country dynamics.
For example, see Assenmacher-Wesche and Gerlach (2008), Goodhart and Hof-
mann (2008), Carstensen, Hülsewig, and Wollmershäuser (2009), Calza, Mona-
celli, and Stracca (2013), and Gambacorta, Hofmann, and Peersman (2014).

10We assume that there are no dynamic interdependencies across countries,
i.e., the endogenous variables of country i are not affected by other countries’
variables and residuals are uncorrelated across countries. This can be a rather
strong assumption in a cross-country framework, but it drastically reduces the
number of parameters that need to be estimated, and thus it is used frequently
in PVAR applications.
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Smith (1995) and it gives consistent estimates for dynamic panels in
the presence of cross-country heterogeneity.11

The PVAR is then augmented with interactions between the
endogenous variables and an exogenous indicator variable. The
structural interacted PVAR (IPVAR) model with a single interaction
term is given by

Ji,tYi,t = Ãi,0 +
L∑

k=1

Ãi,kYi,t−k + B̃0Di,t +
L∑

k=1

B̃kDi,tYi,t−k + ũi,t,

(2)

Ji,t(w, q) = Ji(w, q) + J(w, q)Di,t, (3)

where Ãi,0, Ãi,k, and ũi,t are defined as in equation (1). Di,t is the
financial crisis dummy variable, which takes a value of one if there
is a financial crisis in country i during period t, and a value of
zero otherwise. B̃0 are intercepts and B̃k is a q × q matrix of auto-
regressive coefficients up to lag L, which correspond to the financial
crisis regime, respectively. The matrix of contemporaneous coeffi-
cients Ji,t is again lower triangular with a vector of ones on the main
diagonal.

The coefficients that capture the dynamics in normal times, Ãi,0

and Ãi,k, remain country specific through the addition of country
dummies. By contrast, the coefficients that capture changes in the
dynamics during financial crises, B̃0 and B̃k, are assumed to be
homogeneous across countries. We make a similar assumption for
the contemporaneous coefficients Ji,t. Equation (3) shows that each
lower triangular element (w, q) of Ji,t—where w indicates the row,
q indicates the column, and q < w—comprises a country-specific
part, Ji(w, q), for the non-crisis regime and a regime-specific part,
J(w, q)Di,t, which does not vary across countries.

11Pesaran and Smith (1995) estimate separate VAR models for each country
and then calculate averages over the estimated coefficients, whereas Sá, Tow-
bin, and Wieladek (2014) introduce cross-country heterogeneity by augmenting
parameters with country dummies. The latter approach allows the combination of
cross-country heterogeneous coefficients and country-invariant interaction terms
in the interacted PVAR model.
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Pre-multiplying the recursive-form IPVAR in equation (2) with
J−1

i,t yields the reduced-form version of the model:

Yi,t = Ai,0 +
L∑

k=1

Ai,kYi,t−k + Bi,0Di,t +
L∑

k=1

Bi,kDi,tYi,t−k + ui,t,

(4)

with the reduced-form coefficient matrices defined as, e.g., Ai,0 =
J−1

i,t Ãi,0. Note that the reduced-form coefficients corresponding to
the financial crisis regime, Bi,0 = J−1

i,t B̃0 and Bi,k = J−1
i,t B̃k, as

well as the residuals ui,t = J−1
i,t ũi,t and their covariance matrix

Σi,t = J−1
i,t Σ̃(J−1

i,t )′, will also vary across countries and regimes due to
the variation in Ji,t. Thus, estimating the model recursively across
different regimes allows for heteroskedasticity of residuals and for
country- and regime-specific contemporaneous correlations.

Using the above approach, we exploit the panel structure of
our data and address the problem of the small number of finan-
cial crisis observations per country. In addition, we allow for as
much cross-country heterogeneity as possible and we assume that
only the recursive-form coefficients that capture the dynamics dur-
ing financial crises are homogeneous across countries. By contrast,
the reduced-form coefficients in financial crises vary across countries
via country-specific contemporaneous effects.12 In this, our approach
allows for more cross-country heterogeneity than a fixed-effect esti-
mator does and therefore provides estimates that are less likely to
suffer from inconsistency.13 At the same time, the use of country

12Georgiadis (2014) shows that the heterogeneity of monetary policy transmis-
sion is quite large across advanced economies and it can be explained mainly by
differences in the financial structure, labor market rigidities, and the industry
mix.

13When we estimate the IPVAR with fixed effects (i.e., only allowing for
country-specific intercepts), the impulse responses to a monetary policy shock
are highly persistent and the responses of CPI exhibit signs of the price puzzle.
This may be attributable to the fixed-effects estimator being biased in dynamic
panels when the time dimension is small (Nickell 1981) as well as when the time
dimension is large, but the coefficients of lagged endogenous variables are het-
erogeneous across countries (Pesaran and Smith 1995). The pooled mean group
estimator used by Pesaran and Smith (1995) is only biased if the time dimen-
sion is small. In our case, T = 120, so the bias from this source should be
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dummies to allow for cross-country heterogeneity is more flexible
than the mean group estimator of Pesaran and Smith (1995). It
allows us to combine country-specific and pooled effects within a
PVAR when facing a tradeoff between heterogeneity in the data and
the aim of pooling information across countries in order to increase
the precision of estimated parameters.

The impulse responses of endogenous variables to a monetary
policy shock can be computed from the reduced form of the VAR
and the identified structural monetary policy shocks. In the IPVAR
model, the impulse responses depend on the values of the interac-
tion terms, and thus on the regime. We assume that the economies
remain in the regime that prevailed when the monetary policy shock
occurred. Thereby, we follow most previous studies that analyze
asymmetries in monetary policy transmission during recessions and
expansions and during periods of high financial stress using VAR
methods.14

In the second part of the analysis, we extend model (2) to dis-
tinguish between four regimes. For this purpose, we define Di,t not
as a single dummy variable but as a vector of three dummy vari-
ables, Di,t = [DFC

i,t , DR
i,t, D

FCR
i,t ], where DFC

i,t is the financial crisis
dummy, DR

i,t is the recession dummy, and DFCR
i,t = DFC

i,t ∗DR
i,t is the

interaction term between the first two dummies, taking a value of
one when there is a financial crisis and a recession in country i at
time t, and zero otherwise. These dummies allow us two distinguish
between the following regimes:

• DFC
i,t = 1, DR

i,t = 1, DFCR
i,t = 1: acute phase of a financial

crisis (crisis and recession),

negligible. The introduction of interaction terms that are assumed to be homoge-
neous across countries introduces some bias to the extent that the homogeneity
assumption is violated by the data. However, we consider our setup as a good
solution to the tradeoff between minimizing bias and enabling the estimation of
financial crisis effects.

14An exception is Fry-McKibbin and Zheng (2016), who calculate regime-
independent, non-linear impulse responses in a threshold VAR model for the
United States. They find that only large monetary policy shocks of two standard
deviations or more are able to endogenously move the economy from a low to a
high financial stress regime or vice versa, while small shocks do not increase the
probability of regime switches. Hence, imposing the regimes exogenously rather
than allowing for regime switches in response to monetary policy shocks does not
seem to be a very restrictive assumption.
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• DFC
i,t = 1, DR

i,t = 0, DFCR
i,t = 0: recovery phase of a financial

crisis (crisis, no recession),
• DFC

i,t = 0, DR
i,t = 1, DFCR

i,t = 0: normal recession (no crisis,
recession),

• DFC
i,t = 0, DR

i,t = 0, DFCR
i,t = 0: normal expansion (no crisis,

expansion).

3.2 Estimation and Inference

We follow Uhlig (2005) and Sá, Towbin, and Wieladek (2014) and
estimate the model with Bayesian methods. As argued by Uhlig
(2005), the Bayesian approach has the advantage that it is com-
putationally simple and that it allows us to draw error bands for
impulse responses and variance decompositions using Monte Carlo
simulations. At the same time we use a flat prior, which does not
impose any shrinkage on the parameters. The only additional prior
information we incorporate is that of a stable VAR, as we discard
explosive draws.

In particular, we apply a conjugate normal-Wishart prior which
allows us to obtain joint draws from the posterior distribution by
direct Monte Carlo sampling of all recursive-form parameters (Uhlig
1994, 2005; Koop and Korobilis 2010; Del Negro and Schorfheide
2011). The normal-Wishart distribution specifies that Σ−1 follows a
Wishart distribution Wm(S−1/ν, ν), where S is the mean covariance
matrix and ν are the degrees of freedom describing the uncertainty
about (B,Σ) around the mean coefficients (B̄, S). Conditionally on
Σ, the matrix of vectorized recursive coefficients vec(B) follows a
normal distribution N (vec(B̄),Σ⊗K−1), where B̄ is an l×m dimen-
sional matrix of mean coefficients and K is an l × l positive definite
matrix.

The normal-Wishart posterior has a closed-form solution. As
we use a flat prior, the posterior mean of the normal distribution
corresponds to the maximum-likelihood estimator of the recursive
coefficient matrix B̂, and the posterior covariance matrix corre-
sponds to Ŝ, i.e., the sum of squared residuals from the maximum-
likelihood estimation of equation (2). The number of degrees of
freedom is set to equal the number of observations over time and
countries (excluding missing values). We choose two lags in the
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baseline IPVAR specification according to the Akaike information
criterion.15

For each draw from the posterior, we evaluate the interaction
terms Di,t at their values of interest. We then compute the reduced-
form parameters according to equation (4) by pre-multiplying the
structural parameters with the inverted lower-diagonal matrix of
contemporaneous coefficients, J−1

i,t , and we calculate the impulse
responses for each regime. Here, we impose the additional prior
that responses are non-explosive, as in Uhlig (1994) and Cogley and
Sargent (2005), i.e., we discard draws that lead to explosive param-
eters. We continue drawing from the posterior until we have 1,000
non-explosive draws, which we use to compute the median and 90
percent probability bands.

3.3 Identification of Monetary Policy Shocks

We estimate the interacted PVAR in its recursive form. Hence, mon-
etary policy shocks are identified implicitly by the ordering of the
variables in the VAR. We order GDP, CPI, and house prices before
the short-term interest rate and we assume that these variables do
not react to a monetary policy shock on impact. This assumption has
been employed in a large number of VAR studies and agrees with the
theoretical predictions from DSGE models, i.e., a delayed response
of output and prices to monetary policy. We order banks’ credit to
the private sector, the exchange rate, consumer confidence, share
prices, and stock market volatility after the interest rate, and thus
allow these variables to react to monetary policy shocks on impact.
This is consistent with the view that financial market variables or
variables of market confidence are less rigid, so they can react to
monetary policy shocks contemporaneously. Nonetheless, our results
are robust when we choose alternative orderings, such as ordering
house prices after the interest rate or ordering banks’ credit to the
private sector and consumer confidence before the interest rate.

As a robustness check, we also identify monetary policy shocks
using the sign-restrictions approach developed in Canova and De
Nicoló (2002) and Uhlig (2005), which was applied in a PVAR

15Two lags are also used in comparable PVAR models; see Calza, Monacelli,
and Stracca (2013) and Sá, Towbin, and Wieladek (2014).
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context in Carstensen, Hülsewig, and Wollmerhäuser (2009), Gam-
bacorta, Hofmann, and Peersman (2014), and Sá, Towbin, and
Wieladek (2014). This approach has the advantage that identifica-
tion is independent of the ordering in the VAR and no zero contem-
poraneous restrictions need to be imposed. Instead, the sign of the
impulse responses of a subset of endogenous variables is restricted
in line with theoretical predictions. However, the latter can also be
restrictive, particularly in the analysis of financial crises, when the
economy might behave very differently from the predictions of stan-
dard theoretical models. We only restrict the impulse response of the
short-term interest rate to be negative during the first four quarters
and the response of CPI to being positive between the second and
fourth quarter, whereas we remain agnostic about the responses of
GDP and the other variables in the VAR.

4. Results

In this section, we describe our results for the baseline model that
differentiates between financial crises and normal times, followed by
the results of the extended model, where we distinguish between
the acute and the recovery phases of financial crises. Subsequently,
we discuss our results in light of related empirical and theoretical
findings of the literature, and we provide some robustness checks.

4.1 Monetary Policy Transmission in Financial Crisis and
Normal Times

We analyze differences in monetary policy transmission during finan-
cial crises and normal times based on an impulse response analysis,
a forecast error variance decomposition, plots of identified monetary
policy shocks, and a counterfactual scenario that shows trajecto-
ries of macroeconomic variables during financial crises based on the
assumption of a constant interest rate.

4.1.1 Panel Impulse Response Analysis

Figure 1 shows the impulse responses and the 90 percent proba-
bility bands to a 1 percentage point expansionary monetary policy
shock in the baseline model. The first column shows the effects of
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Figure 1. Effects of a Monetary Policy Shock during
Financial Crises and Normal Times

Notes: Median impulse responses to a 100 basis point expansionary monetary
policy shock together with 90 percent probability bands, in percent. For each draw
from the posterior, impulse responses are computed for the different regimes. Col-
umn 3 shows median differences between the two regimes and the corresponding
probability bands in percentage points.
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a monetary policy shock during financial crises, the second column
shows the effects during normal times, and the third column shows
the difference between the two. All impulse responses correspond to
average effects across all twenty countries in our sample.

During normal times, our results for output and prices are in line
with the results of previous empirical studies (see, e.g., Christiano,
Eichenbaum, and Evans 1999). The response of output is hump
shaped and is faster than the response of prices, which start increas-
ing after about two years. Monetary policy shocks have permanent
effects on the price level, whereas the effect on output returns to
zero in the long run.

However, during financial crises the responses of output and
prices are significantly stronger and occur faster. Within the first
two years after an expansionary monetary policy shock, the response
of output is up to 0.8 percentage point higher compared with normal
times; subsequently, there is no significant difference between the two
regimes. Prices increase within the first few quarters after the shock
during financial crises. The differences in the responses between the
regimes are rather persistent: over the entire horizon, the increase
in prices is about 0.3 percentage point higher than that during nor-
mal times. The impulse responses of the interest rate shows that the
larger effects of monetary policy shocks on output and prices during
financial crises are not driven by differences in the systematic part
of monetary policy: in financial crises, an expansionary monetary
policy shock has a less persistent effect on the interest rate during
the first two years.

We also find significant differences between the two regimes for
most of the other variables. After a monetary policy shock, credit
increases more instantaneously and, for about two years, signifi-
cantly stronger during financial crises. Similar patterns are observed
for the other variables, but differences between the responses in
the two regimes are rather short-lived, lasting for up to one year.
Uncertainty exhibits a marked decline of up to 2.5 percent after an
expansionary monetary policy shock during financial crises, whereas
it barely reacts during normal times. Share prices increase by up
to 6 percentage points stronger in financial crises. Consumer con-
fidence also increases stronger, but the effect returns to zero faster
than in normal times. House prices and the exchange rate react
slightly stronger during financial crises for the first two quarters after
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Table 2. Forecast Error Variance Explained by the
Monetary Policy Shock, Two Regimes

Financial Crisis

One Year Two Years Five Years

GDP 22.9 (14.6, 32.6) 35.1 (24.9, 46.5) 39.9 (30.6, 53.8)
CPI 6.6 (2.7, 13.3) 15.7 (7.6, 26.7) 33.4 (21.0, 47.2)
House Prices 7.3 (3.5, 14.0) 18.1 (9.5, 28.5) 29.5 (16.9, 42.1)
Interest Rates 70.8 (61.2, 78.0) 59.6 (51.2, 69.6) 52.7 (44.2, 63.6)
Credit 11.2 (4.1, 19.9) 24.1 (11.8, 33.7) 42.4 (29.6, 55.5)
Exchange Rate 2.3 (0.7, 6.5) 2.7 (0.9, 8.5) 4.0 (1.7, 11.2)
Confidence 22.0 (15.1, 30.3) 22.9 (15.9, 29.5) 21.8 (15.0, 28.6)
Share Prices 25.3 (15.8, 34.2) 27.9 (18.8, 38.6) 28.4 (20.0, 39.1)
Uncertainty 14.0 (8.1, 22.2) 13.9 (7.9, 22.5) 14.1 (8.3, 22.5)

Normal Times

One Year Two Years Five Years

GDP 4.1 (1.5, 8.2) 16.0 (7.6, 26.1) 28.0 (14.6, 39.0)
CPI 0.4 (0.0, 2.4) 0.8 (0.3, 3.0) 11.1 (4.8, 21.5)
House Prices 5.5 (2.3, 9.3) 15.4 (7.9, 24.1) 26.4 (14.7, 37.2)
Interest Rates 85.7 (80.1, 89.9) 74.8 (65.8, 81.0) 69.1 (60.0, 74.8)
Credit 1.1 (0.3, 2.7) 7.8 (2.0, 14.5) 25.8 (13.1, 37.2)
Exchange Rate 1.0 (0.1, 3.9) 1.8 (0.2, 7.8) 2.9 (0.9, 8.7)
Confidence 9.2 (5.2, 15.4) 20.6 (12.8, 30.6) 21.6 (13.0, 32.5)
Share Prices 2.9 (0.7, 7.7) 7.8 (2.4, 17.9) 12.2 (3.9, 24.5)
Uncertainty 2.5 (0.9, 5.3) 3.1 (1.4, 6.8) 3.6 (1.7, 7.9)

Notes: Median share of the forecast error variance explained by the monetary pol-
icy shock, in percent. The sixteenth and eighty-fourth credibility sets are shown in
parentheses.

the shock, but differences between the regimes turn insignificant
thereafter.

Our main finding that the effects of monetary policy shocks are
larger during financial crises is reflected in the forecast error vari-
ance decompositions shown in table 2. Our results for normal times
are in line with the common finding in the literature that mone-
tary policy shocks explain only relatively small fractions of forecast
errors of output and inflation (see, e.g., Bernanke, Boivin, and Eliasz
2005; Coibion 2012). However, during financial crises this fraction is
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considerably higher for output and prices, and the differences
between the regimes are particularly pronounced at low horizons. For
example, the monetary policy shock explains about 4 percent of the
forecast error of output at the one-year horizon during normal times,
but more than 20 percent in the financial crisis regime. For prices,
the shares of forecast errors explained by monetary policy shocks in
normal times are still close to zero at the one- and two-year horizons
and only increase at higher horizons, while during financial crises
the share is at above 6 percent at the one-year horizon. Also for all
other variables—most notably credit, share prices, uncertainty, and
confidence—the monetary policy shock explains considerably larger
fractions of the total forecast error, particularly at low horizons, in
the financial crisis regime compared with normal times.

4.1.2 Cross-Country Heterogeneity

The results presented until now refer to the average effects across
twenty economies. However, to the extent that monetary policy
reacted differently during financial crisis episodes in individual
countries—for instance, by intervening more or less aggressively or at
different points in time—cross-country heterogeneity can be impor-
tant and potentially helpful for the interpretation of the results. We
therefore show the series of the identified monetary policy shocks for
individual countries in order to assess whether and to what extent
monetary policy surprises were expansionary or contractionary dur-
ing financial crisis episodes. Further, for selected countries, we com-
pute counterfactual paths of the endogenous variables under the
assumption of a constant interest rate over financial crisis episodes
and compare them with actually observed paths.16

Figure 2 shows the identified monetary policy shocks for each of
the twenty countries in the sample.17 We restrict the plots to the

16In principle, the PVAR model also allows us to compute impulse responses
on a country-by-country basis, as the reduced-form coefficients in the model vary
across countries. However, such results are subject to instability and a high degree
of estimation uncertainty due to the very low number of observations per country
during financial crises.

17While all euro-area member states in the sample were subject to a common
monetary policy and thus similar short-term interest rate paths since 1999, the
PVAR model estimates separate interest equations for each country. We can inter-
pret the identified monetary policy shocks in the individual euro-area countries
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Figure 2. Estimated Monetary Policy Shocks: 2005–17

Notes: Residuals corresponding to the interest rate equation of each country
from the structural form of the IPVAR of equation (2). Gray bars show the
financial crisis episodes for each country.

2005–17 subperiod to focus on cross-country differences during the
global financial crisis and its aftermath. The shock series are by their
nature quite volatile, typically exhibiting alternating expansionary
and contractionary movements. They add up to zero for each coun-
try over the total sample period, but can deviate from zero during
subperiods, and thus also during financial crisis episodes.

as country-specific monetary policy surprises, given the economic conditions of
each country according to the model. This is in line with Barigozzi, Conti, and
Luciani (2014) and Corsetti, Duarte, and Mann (2018), who show that euro-area
monetary policy shocks transmit heterogeneously across member states.
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The United States exhibits the largest expansionary shock
directly at the beginning of the financial crisis, and it took some
time until that expansionary movement was followed by a contrac-
tion, which was likely related to the zero lower bound. The United
Kingdom shows a similar pattern, although the respective shocks
were much smaller. By contrast, monetary policy shocks were con-
tractionary for most euro-area member states at the onset of the
global financial crisis, reflecting the delayed reduction in common
euro-area interest rates compared with the United States. Given
the large effects of monetary policy shocks during financial crises
documented above, these differences in the direction of monetary
policy surprises may have partially contributed to the differences in
macroeconomic performance between the United States, the United
Kingdom, and the euro area. While the United States was the epi-
center of the global financial crisis, there was only one recession in
2008 and 2009 associated with this crisis. The global financial crisis
spread to Europe, causing a recession of similar length in the euro
area and the United Kingdom as in the United States, but then the
euro area fell into a longer second recession related to the European
sovereign debt crisis in 2011 that lasted for two years, while there
was no such second recession in the United States and the United
Kingdom. During that time, the monetary policy surprises became
expansionary for most euro-area member economies, contributing to
the final recovery.

Finally, we complement our analysis with a counterfactual exer-
cise based on a constant interest rate scenario.18 We compute a series
of consecutive one-step-ahead forecasts on a country-by-country
basis for the main macroeconomic variables in our model for specific
financial crisis episodes, conditional on a predetermined counterfac-
tual constant interest rate path for the short-term interest rate using
the approach by Lütkepohl (2013).19

18Chen et al. (2016) apply similar counterfactual forecasts to evaluate the global
effects of U.S. quantitative easing measures within a global vector autoregressive
(GVAR) model. Giannone et al. (2012) use a similar counterfactual exercise to
gauge the effects of non-standard monetary policy measures in the euro area by
conditioning on different paths of interest rate spreads.

19We evaluate the PVAR model for each country individually. For each finan-
cial crisis episode in a particular country, we define the time period t∗ as the
quarter when the episode started. From that point in time onwards, we restrict
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By comparing the counterfactual paths with the actual data, we
can assess the effects of interest rate adjustments during financial
crisis episodes. To the extent that monetary policy is in control of
the short-term interest rate and that our model reflects the mon-
etary policy reaction function of central banks, the counterfactual
analysis provides information on changes in the interest rate due to
the systematic monetary policy of central banks (according to their
reaction function) as well as due to monetary policy shocks. However,
the Lucas critique implies that endogenous relations between macro-
economic variables might change relative to our baseline model, as
the interest rate path is now fixed instead of reacting endogenously.
We thus interpret the results of this counterfactual exercise with
caution.

Because a discussion of the results for all countries in our sample
is beyond the scope of this exercise, we focus on five countries. We
look at the United States and two euro-area economies (France and
Italy) during the global financial crisis and also study two earlier
more regionally bounded crises in Japan (1997–2001) and Finland
(1991–95). Figure 3 presents the counterfactual paths (dashed lines)
of the main variables for the years of the financial crisis episode in
the respective country and 90 percent probability bands, together
with the actual outcomes (solid lines) of the respective variables.

For the United States, we find that GDP growth and inflation
are considerably lower in the counterfactual scenario of no change
in the interest rate (interest rate remains at about 5 percent) com-
pared with the actual paths. GDP growth (quarter-on-quarter) is 1
to 2 percentage points lower in this scenario from 2008 onwards, and
inflation remains in negative territory for most of this period. The
differences between the actual and the counterfactual paths are even
larger in France and, in particular, in Italy from mid-2009 onwards.
Hence, expansionary monetary policy, given its large effects during

the short-term interest rate of the respective country to remain unchanged at
the level it assumed at time t∗ − 1, i.e., {inti,t}t=T

t=t∗ = inti,t∗−1, while all other
variables in the VAR are endogenous. We then compute one-step-ahead forecasts
of the endogenous variables ỹt∗

i,t, given their values up to time t∗ − 1 and the
lagged value of the short-term interest rate. Further one-step-ahead conditional
forecasts ỹt∗+1

i,t up to ỹt∗+20
i,t are computed on the basis of the previous forecasts

and the exogenous interest rate path.
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Figure 3. Counterfactual Paths for Selected Financial
Crisis Episodes

Notes: Black solid lines show actual paths of the series during selected financial
crisis episodes in the United States (financial crisis 2007–11), France and Italy
(2008–12), Japan (1997–2001), and Finland (1991–95). Dashed lines show coun-
terfactual paths based on consecutive one-step-ahead forecasts from the inter-
acted PVAR model, starting from the first quarter of the financial crisis (t = t∗),
where the short-term interest rate is held fixed for t ≥ t∗, together with 90 percent
probability bands.

financial crises as indicated by our model, may have helped to pre-
vent a much longer recession. At the same time, differences in timing
might have mattered. In the United States, the interest rate already
decreased considerably in 2008, mitigating the adverse effects of the
crisis on GDP during that time. By contrast, in France and Italy
the decrease in the interest rate started only at the end of 2008, and
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the downturn of GDP in 2008 is therefore equally pronounced in
the counterfactual scenario as in the actual data. An earlier cut in
interest rates could have possibly mitigated the large drop in GDP
in 2008 and the beginning of 2009 in particular, given that monetary
policy transmits quickly and strongly to the economy according to
our results.

The large effects of monetary policy hold not only for the recent
global financial crisis but also for earlier financial crisis episodes, as
shown for the example of Finland. On the other hand, for the Japan-
ese crisis starting in 1997, there are basically no differences in GDP
growth and inflation between the counterfactual and the actual data
paths, most likely because the short-term interest rate was already
close to zero at the beginning of the crisis, so there was little room
for further interest rate cuts.

4.2 Acute and Recovery Phases of Financial Crises

Figure 4 shows the impulse responses to an expansionary mon-
etary policy shock in the model that differentiates between four
regimes: acute phase of financial crises, recovery phase of finan-
cial crises, recessions in normal times, and expansions in normal
times. The effects of monetary policy shocks differ between the dif-
ferent regimes, particularly between the acute and recovery phases
of financial crises.

The effects of an expansionary monetary policy shock during the
acute phase of a financial crisis are roughly similar to the results for
financial crises in the model with two regimes: an expansionary mon-
etary policy shock leads to a rapid and persistent increase in output
and prices. Also, share prices increase while uncertainty decreases
strongly in this regime.

By contrast, during the recovery phase of a financial crisis, a mon-
etary policy shock has significantly lower and more-delayed effects
on output and prices.20 The effect on output becomes significantly
positive only after about two years, according to the 90 percent
probability bands. The response of prices becomes positive after
two years, but is not significantly different from zero. Share prices

20Figure A2 in the online appendix illustrates the differences in the impulse
response functions.
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Figure 4. Effects of Monetary Policy Shocks in
Four Regimes

Notes: Median impulse responses to a 100 basis point expansionary monetary
policy shock together with 90 percent probability bands, in percent. For each draw
from the posterior, impulse responses are computed for the different regimes.
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increase only moderately and not significantly, while uncertainty
even increases on impact before the effect dies out. On the other
hand, house prices, credit, exchange rates, and consumer confidence
respond more strongly to a monetary policy shock compared with
the acute phase. Nonetheless, the strong responses of these financial
variables apparently do not markedly transmit to the real economy,
i.e., output and prices, during the recovery phase.

The responses during normal recessions and expansions both
show similar dynamics and are comparable to those of the normal-
times regime presented in figure 1, but the responses of most vari-
ables turn out stronger in recessions than in expansions.21 The effects
in both normal-times regimes set in with larger delays and are often
smaller than those in the acute phase, while being in parts stronger
and more significant than those in the recovery phase of financial
crises.

These differences in the role of monetary policy shocks across
regimes are largely reflected in the forecast error variance decom-
positions, presented in table 3. Again, we observe that monetary
policy shocks typically explain a larger share of forecast error vari-
ance for horizons of up to two years during financial crises com-
pared with normal times, but differences across subperiods emerge.
During the acute phase of financial crises, monetary policy shocks
explain large fractions of forecast error in GDP, consumer prices,
confidence, uncertainty, and particularly share prices. The shares
are higher at a one-year horizon than in all other regimes, reflecting
our result that the effects of monetary policy shocks set in rapidly
during the acute phase. During the recovery phase, monetary pol-
icy shocks explain high shares of forecast error variation in house
prices, exchange rates, confidence, and uncertainty, but less so in
real variables. In normal recessions, monetary policy shocks explain
considerably higher shares of forecast error variances compared with
normal expansions for most variables, but somewhat lower shares
compared with financial crises.

21Weise (1999), Garcia and Schaller (2002), Peersman and Smets (2002), and
Lo and Piger (2005) also find that monetary policy is more effective during reces-
sions than expansions, whereas more recent studies by Caggiano, Castelnuovo,
and Groshenny (2014) and Tenreyro and Thwaites (2016) find the opposite.
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Table 3. Forecast Error Variance Explained by the
Monetary Policy Shock, Four Regimes

Financial Crisis

Acute Phase Recovery Phase

One Year Two Years One Year Two Years

GDP 19.3 (11.6, 28.9) 23.9 (14.1, 35.8) 5.8 (2.1, 14.8) 11.0 (4.3, 25.6)
CPI 11.8 (4.6, 21.7) 15.7 (5.0, 29.6) 2.0 (0.3, 9.5) 3.3 (0.6, 14.6)
House Prices 1.2 (0.1, 5.6) 3.7 (0.6, 12.5) 24.9 (9.3, 41.4) 34.0 (13.7, 55.6)
Interest Rates 55.2 (44.6, 65.4) 52.6 (42.7, 62.2) 82.3 (67.7, 90.7) 71.0 (54.8, 83.3)
Credit 6.5 (1.6, 15.5) 7.9 (1.3, 20.0) 8.3 (1.3, 26.1) 15.5 (2.2, 37.9)
Exchange Rate 4.2 (1.4, 10.0) 5.4 (1.8, 12.9) 15.0 (3.9, 32.7) 15.9 (4.3, 32.3)
Confidence 14.9 (6.6, 25.0) 15.9 (7.4, 25.9) 22.9 (9.2, 40.4) 26.8 (12.4, 44.9)
Share Prices 38.7 (29.0, 48.5) 41.6 (31.5, 51.0) 10.6 (2.8, 24.3) 11.8 (4.3, 25.7)
Uncertainty 19.7 (12.2, 27.7) 20.2 (12.6, 27.7) 37.6 (23, 51.2) 37.5 (23.2, 51.1)

Normal Times

Recession Expansion

One Year Two Years One Year Two Years

GDP 8.7 (2.4, 18.5) 25.2 (10.3, 42.0) 1.2 (0.4, 2.9) 6.4 (2.8, 11.6)
CPI 1.4 (0.1, 6.3) 2.2 (0.4, 8.2) 1.2 (0.2, 3.2) 1.2 (0.2, 4.0)
House Prices 10.2 (3.8, 19.6) 26.7 (13.5, 42.9) 2.9 (1.1, 5.5) 9.3 (4.8, 14.9)
Interest Rates 72.7 (59.9, 82.7) 60.4 (46.6, 73.2) 85.2 (80.4, 89.4) 74.0 (66.9, 80.3)
Credit 1.8 (0.4, 6.0) 9.9 (2.5, 24.1) 0.6 (0.2, 2.4) 3.5 (1.1, 8.3)
Exchange Rate 5.1 (1.3, 13.2) 13.6 (4.2, 28.1) 2.2 (0.6, 5.5) 2.9 (0.8, 7.4)
Confidence 11.5 (3.8, 23.3) 23.5 (10.9, 37.5) 4.0 (2.1, 7.0) 12.7 (7.6, 18.7)
Share Prices 16.9 (6.5, 29.8) 24.6 (10.2, 42.2) 2.9 (0.8, 7.0) 6.3 (2.0, 13.1)
Uncertainty 6.2 (1.6, 13.9) 8.0 (2.3, 18.2) 1.6 (0.5, 3.2) 1.8 (0.6, 3.6)

Notes: Median share of the forecast error variance explained by the monetary policy shock,
in percent. The sixteenth and eighty-fourth credibility sets are shown in parentheses.

The series of identified monetary policy shocks from the extended
model look very similar to those from the baseline model and are
shown in the online appendix. They indicate that expansionary mon-
etary surprises occurred at different stages of the global financial
crisis when compared across countries. Again, the United States
shows a large expansionary shock which occurred at the beginning
of the acute phase of the global financial crisis, and also the mean
value of U.S. monetary policy shocks was expansionary during this
period. By contrast, in most euro-area member states, monetary
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policy surprises were on average contractionary during the acute
phase, with large contractionary shocks occurring at its beginning of
the global financial crisis. In those euro-area countries which exhib-
ited double-dip recessions, the monetary surprises tend to be on
average contractionary during the recessionary period in 2008 and
2009, but expansionary during the period 2011 to 2013. Hence, mon-
etary policy shocks as identified in our model might have constituted
additional adversary factors to euro-area economies during the finan-
cial crisis in 2008, while during the second recession these shocks
have likely contributed to the recovery in the euro area.

4.3 Discussion of the Results

Overall, we find that monetary policy has larger and quicker effects
on the economy during financial crises than during normal times,
and that monetary policy shocks are more important for macroeco-
nomic dynamics during financial crises, as indicated by forecast error
variance decompositions. Further, there is some heterogeneity over
the course of financial crises. During the acute phase of a crisis, the
effects of monetary policy shocks are particularly large and quicker
than during other times.

The results suggest that it is advisable to ease monetary pol-
icy quickly during financial crises. The counterfactual results show
that indeed in the United States—where this strategy was pursued—
the downturn in GDP was significantly mitigated, while this was
not the case in the euro area, where interest rate cuts started one
year later than in the United States. At the beginning of the finan-
cial crisis, euro-area monetary policy shocks were contractionary for
many member economies according to our model and only became
expansionary during the second recession in 2012/13 contributing to
the final recovery. In contrast to the large effects during the acute
phase of financial crises, we observe only weak effects of monetary
policy on output and prices, such that the possibilities to stabilize
macroeconomic variables appear limited during this phase. However,
monetary policy shocks are not entirely without effect during this
period, as financial market variables—like house prices, credit, and
exchange rates—do react significantly. Macroeconomic uncertainty
even significantly increases for a short period following an expansion-
ary monetary policy shock. Hence, an early tightening of monetary
policy would run the risk of financial markets destabilization.
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Our finding that the effects of monetary policy are strong during
the acute phase of financial crises, but less so in the recovery phase,
is in line with findings of related empirical studies. Ciccarelli, Mad-
daloni, and Peydró (2013) analyze the effects of monetary policy in
the euro area in the period from 2002 to 2011. By extending the end
of their sample recursively from 2007 until 2011, they assess the evo-
lution of the effects of a monetary policy shock when moving from a
non-crisis period to the global financial crisis. In line with our results,
they find that monetary policy became more effective at stimulat-
ing economic activity during the acute phase of the global financial
crisis, mainly via the credit channel. Dahlhaus (2017) focuses on
the United States and studies the effects of monetary policy condi-
tional on financial stress, which shows that monetary policy is more
effective in stimulating the economy during a high-stress regime.
By contrast, Bech, Gambacorta, and Kharroubi (2014) focus on the
recovery period of financial crises by studying the effects of the mon-
etary policy stance during recession episodes on the strength of the
subsequent recovery for a panel of twenty-four advanced economies.
They find that monetary policy is not effective in stimulating GDP
growth during the recovery phase of a financial crisis, whereas it is
effective outside financial crises.

In a broader sense, the results of our study relate to numerous
contributions in the literature that deal with the transmission of
monetary policy under conditions typically prevailing during finan-
cial crises, such as credit constraints, high levels of uncertainty and
financial stress, or the presence of large shocks. In the following, we
discuss the potential mechanisms underlying our results in light of
the findings in this literature.

Larger effects of monetary policy during financial crises and, in
particular, during the acute phase are plausible if the central bank
is able to ease the adverse effects of financial crises. In particular,
firms and private households are more likely to be credit constrained
during financial crises because of a decrease in the value of their
financial assets and losses of collateral. In this situation, monetary
policy may reduce the external finance premium by easing these con-
straints via the financial accelerator (Bernanke and Gertler 1995;
Bernanke, Gertler, and Gilchrist 1999).

Further, our results suggest that the large responses of output
during financial crises might relate to the strong effects monetary
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policy has on uncertainty, confidence, and share prices during this
regime. Indeed, various contributions in the literature argue in favor
of monetary policy transmission channels via these variables. Basu
and Bundick (2017) show in a DSGE model with countercycli-
cal markups and sticky prices that monetary policy can play a
key role in offsetting the negative impact of uncertainty shocks.
Bekaert, Hoerova, and Lo Duca (2013) provide empirical evidence
for the effectiveness of expansionary monetary policy in decreas-
ing risk aversion and uncertainty. By reducing uncertainty, mon-
etary policy can stimulate output and inflation in various ways.
First, lower uncertainty can lead to higher output because invest-
ment revives as investors receive new information (Bloom 2009).
Second, a lower degree of uncertainty can stimulate credit supply
and thus restore the credit channel of monetary policy. In particu-
lar, a lower degree of uncertainty should decrease liquidity risk and
ease refinancing in interbank markets, which improves lending condi-
tions for banks (Buch, Buchholz, and Tonzer 2014). Banks also have
less need to retain capital for reasons of self-insurance and can thus
extend their lending (Valencia 2017). Third, a reduction in uncer-
tainty can improve consumer sentiment by enhancing the ability of
agents to make probabilistic assessments about future events (Ilut
and Schneider 2014). A monetary policy expansion can also raise
consumer confidence directly by providing signals about future eco-
nomic prospects (Bachmann and Sims 2012; Barsky and Sims 2012).
In this context expansionary monetary policy might be interpreted
as a sign that the central bank will prevent a further deepening of
the crisis. An increase in consumer confidence can then restore the
interest rate responsiveness of borrowing, investment, and spending
on durables. Finally, an increase in share prices driven by a mon-
etary policy expansion can increase the value of collateral, thereby
contributing to a softening of credit constraints and to higher credit
demand. An increase in share prices also makes it easier to finance
investment by retaining profits.

Our finding that the co-movement between output and prices is
much larger during financial crises than during normal times and in
particular during the acute phase of financial crises is in line with
the empirical literature on the Phillips curve. Several studies find
a significant Phillips-curve relationship only when shocks are large.
Roberts (2006) documents a flattening of the Phillips curve in the
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mid-1980s. This can potentially explain why it has become diffi-
cult since the mid-1980s to improve upon simple univariate inflation
forecasts models, as documented by Atkeson and Ohanian (2001),
Fisher, Liu, and Zhou (2002), and Orphanides and van Norden
(2005). Stock and Watson (2007) systematically analyze reasons for
the decline in the performance of activity-based inflation forecasts
since the mid-1980s and argue that the decrease in the variance of
activity measures during the Great Moderation is the reason for
this. Further, Clark and McCracken (2006) argue that the sampling
variability of inflation forecast comparison statistics is so large that
evidence for a breakdown of the Phillips curve is not clear, despite
the low accuracy of Phillips-curve-based inflation forecasts between
the mid-1980s and the mid-2000s. All these studies use data prior to
the 2008/09 Great Recession. However, the Great Recession might
be a new episode of large macroeconomic shocks with output and
inflation being highly volatile, so that a reemergence of a Phillips-
curve relationship is plausible. Large monetary policy shocks can be
one factor causing the increased co-movement between output and
inflation according to our results, but other shocks—in particular,
those that caused the Great Recession—are likely to be important
as well.

Finally, the low effects on output and prices during the recovery
phase of financial crises might be related to balance sheet adjust-
ments and deleveraging by firms and financial institutions (Reinhart
and Rogoff 2008). Monetary policy usually works via intertempo-
ral substitution, but fewer people might be willing to increase their
credit exposure in such periods. Hence, even highly expansionary
monetary policy might not have a large effect on credit, output, and
inflation.22 Our result that share prices even decline and uncertainty
even increases on impact following an expansionary monetary policy
shock in this phase may mirror that such a shock may be regarded
as confirmation of financial difficulties when the recovery is ongo-
ing already for some time (Hubrich and Tetlow 2015). Continuous

22Agarwal et al. (2018) show that also monetary policy measures that were
implemented during the Great Recession with the aim of stimulating household
borrowing and spending by reducing banks’ cost of funds have limited effects,
because banks pass through credit expansion least to households that want to
borrow the most.
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monetary policy interventions could then be interpreted as signal-
ing weak future fundamentals, thereby increasing uncertainty. This
explanation would also be in line with the observation that exchange
rate depreciation in response to an expansionary monetary policy
shock is largest in the recovery phase of a financial crisis, but without
leading to an increase in output.

Further, during the recovery phase of a financial crisis, factors
that are important for the high effectiveness of monetary policy
during the acute phase, such as the reduction of uncertainty and
the stabilization of asset prices, may lose ground. At this late stage
of a financial crisis, uncertainty has typically been mitigated and
asset prices have stabilized substantially, with financial stress being
much lower than during the acute phase. Thus, potential accelera-
tion mechanisms in monetary policy transmission have already been
exhausted.

4.4 Robustness Checks

We check the sensitivity of our results to a number of alternative
specifications. In the following, we present the results for specifi-
cations which investigate the relevance of the zero lower bound and
unconventional monetary policies. We also describe results of specifi-
cations, where we differentiate between euro-area and non-euro-area
countries and where we use sign restrictions to identify monetary
policy shocks. We show figures only for the baseline model with two
regimes and for the three main variables output, prices, and the
short-term interest rate. Figures for all variables and the extended
model with four regimes are contained in the online appendix.

4.4.1 Zero Lower Bound and Quantitative Easing

The majority of the financial crises in our sample are associated with
the global financial crisis that started in 2007: fifteen out of twenty
financial crisis episodes took place around that period. In this crisis,
several central banks reached the zero lower bound on nominal inter-
est rates and therefore switched to unconventional monetary policy
measures such as quantitative easing, for which we do not account
in our baseline model.
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We check whether our results are sensitive to accounting for
unconventional monetary policy measure in two different ways. First,
we use the shadow rate by Wu and Xia (2016) instead of the money
market short-run interest rate for the United States, the United
Kingdom, and the euro area as monetary policy instrument in our
model. This measure is an estimate of the level of the short-term
interest rate that would prevail in the absence of the zero lower
bound. It is estimated based on forward rates and a Nelson-Siegel-
Svensson yield-curve model, so it also reflects quantitative easing and
other unconventional monetary policy measures.23 The results of this
specification are shown in figure 5, as dotted lines. The responses of
both output and prices remain stronger during financial crises than
during normal times, although the responses of both variables dur-
ing financial crises are slightly weaker when using shadow interest
rate estimates compared with the baseline. A similar pattern holds
for the other six variables in the model. In the estimation over four
regimes, results when using the shadow interest rate as monetary
policy instrument are very similar to the baseline, as shown in the
online appendix.

Second, we perform a more agnostic robustness check with
respect to the zero lower bound and unconventional monetary pol-
icy measures. We identify all observations in which monetary policy
reaches the zero lower bound, i.e., when the interest rate of the
main monetary policy instrument is smaller than or equal to 0.3 per-
cent. This definition yields 298 observations where monetary policy
reaches the zero lower bound, among which 33 occur in financial
crises. When we exclude these observations from our sample, our
results are basically unchanged, as shown by the dashed lines in
figure 5.

4.4.2 Euro-Area and Non-euro-area Samples

Eleven out of the twenty countries in our sample are members of
the euro area. In our data set, the aggregate euro-area short-term

23Shadow interest rates are not available for other economies; therefore, we do
not control for unconventional monetary policy measures in Japan, which is the
only remaining economy in our sample where such measures have been applied
for a longer period. However, our results do not change when we also exclude
Japan from our sample.
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Figure 5. Accounting for the Zero Lower Bound

Notes: Solid lines show baseline estimation; dotted lines show estimation with
the shadow interest rate as the monetary policy variable; dashed lines show results
for the estimation where the 298 observations in which the zero lower bound was
reached were excluded. See also notes of figure 1.

interest rate is thus used for all euro-area members from 1999
onwards (from 2001 in the case of Greece). While we opt for includ-
ing these countries separately in order to exploit the cross-country
dimension of the data and to be able to analyze differences across
euro-area member states in section 4.1.2, the information that can
be drawn from including individual euro-area countries in our panel
might be limited given that they share a joint monetary policy.24

24The existing empirical literature analyzing monetary policy transmission
within a panel VAR context typically follows a similar approach and includes
euro-area countries as individual economies in the panel (Assenmacher-Wesche
and Gerlach 2008; Goodhart and Hofmann 2008; Carstensen, Hülsewig, and
Wollmerhäusen 2009; Calza, Monacelli, and Stracca 2013). Only Gambacorta,
Hofmann, and Peersman (2014) take a different approach and consider the euro
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Figure 6. Euro-Area and Non-euro-area Samples

Notes: Solid lines show baseline estimation; dashed (dotted) lines show estima-
tion for the euro area (non-euro-area) subsample. See also notes of figure 1.

To assess whether our results are dominated by euro-area dynam-
ics, we run two separate PVAR regressions for euro-area countries
and for countries outside the euro area, respectively. We only have
about half of the total observations for each subgroup, so estima-
tion is only feasible for the baseline case with two regimes. Figure 6
shows the median impulse responses and probability bands for the
euro-area sample (dashed lines) and the non-euro-area sample (dot-
ted lines), together with the baseline estimates for the full sample,
depicted as solid lines. The results are comparable to the baseline
estimation and mostly similar for both subgroups. Output and prices

area as aggregate, at the cost of having only eight countries in their panel VAR,
which for our purposes of pooling financial crisis episodes and distinguishing
between different regimes would not provide enough data points.
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react stronger and faster during financial crises in both the euro-area
countries and the non-euro area countries. Differences between euro-
area and non-euro-area countries are small for all other variables.

We also check whether our results are affected by the sovereign
debt crisis that become severe in 2011 in several euro-area countries,
leading to a double-dip recession in these economies. To exclude the
sovereign debt crisis, we restrict our estimation period to the sub-
sample from 1984 to 2010 and our results remain strongly robust,
as shown in the online appendix.

4.4.3 Sign Restrictions

Finally, we check whether our results are robust when we use sign
restrictions instead of the recursive identification to identify mone-
tary policy shocks. The sign-restriction approach has the advantage
that it allows for non-zero contemporaneous responses by all vari-
ables in the VAR. We remain agnostic about the response of output,
and we restrict the impulse response of the short-term interest rate
to being negative during the first four quarters and the response
of prices to being positive between the second and fourth quarter.
We follow Sá, Towbin, and Wieladek (2014) and do not restrict the
CPI response in the first quarter to allow for a sluggish response
by this variable. Figure 7 shows that the results are similar to the
results obtained based on the recursive identification. Output and
prices react faster and stronger during financial crises. The results
for the other six variables are similar to our baseline results as well:
we find a stronger increase in confidence and share prices as well
as a larger reduction in uncertainty during financial crises. Also in
the estimation over four regimes, results are very similar when using
sign-restriction identification, as shown in the online appendix.

5. Conclusion

In this paper, we analyze the effects of monetary policy shocks dur-
ing financial crises. We find that monetary policy shocks have sig-
nificantly larger effects on output and prices during financial crises
than during normal times and that these effects occur more instanta-
neously. We also observe significantly larger effects on several other
variables, including credit, asset prices, uncertainty, and consumer
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Figure 7. Identification via Sign Restrictions

Notes: Solid lines show baseline estimation; dashed lines show results for the
estimation, where the monetary policy shock is identified via sign restrictions.

confidence, suggesting that these variables play an important role
in the monetary policy transmission during financial crises. How-
ever, we find that there is time variation of the effects of monetary
policy shocks during financial crises. While monetary policy shocks
have large effects on output and prices during the acute phase of
a financial crisis when the economy is in recession, the effects are
significantly weaker during the subsequent recovery phase.

Further, we find some heterogeneity of monetary policy actions
during the global financial crisis of 2008/09 across countries. In
economies like the United States, in which interest rates were low-
ered directly at the beginning of the crisis, monetary policy was able
to mitigate the biggest drop in output to some extent, but less so in
other economies like the euro area, where the central bank reacted
later. Our results suggest that monetary policy is highly effective
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during financial crises, probably because it can reduce some of the
adverse characteristics of financial crises like high uncertainty, low
confidence, and low asset prices. We discuss several papers that sup-
port this view, but leave a more detailed analysis of the relevance of
different transmission channels of monetary policy during financial
crises for future research.
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In this complementary appendix we provide additional material,
which gives a more detailed picture of our results, but which is of
secondary importance to the main results presented in the paper.
In table A1, we show information on the data sources for our main
endogenous variables and on the twenty countries included in the
panel analysis. In figure A1 we present the financial crisis and reces-
sion episodes for each country. Figures A2 and A3 present addi-
tional results for the extended interacted panel VAR model with
four regimes. Finally, figures A4–A8 show detailed results for the
robustness checks that we discuss in the paper.
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Figure A2. Differences between Acute and Recovery
Phases of Financial Crisis and Normal-Times Regimes

Notes: Columns 1–3 show median differences between the impulse responses evaluated
in the acute phase, the recovery phase, and normal recessions, respectively, relative to
the impulse responses evaluated in the normal expansion regime, in percentage points.
Column 4 shows the difference between the impulse responses evaluated in the acute
phase of a financial crisis and in normal recessions, in percentage points. Gray areas
represent 90 percent probability bands. These results were obtained by calculating, for
each draw, the difference between the impulse responses evaluated at two respective
regimes and by taking the median and percentile values of these differences.
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Figure A4. Accounting for the Zero Lower Bound:
Full Results

Notes: Solid lines show results for the baseline estimation; dotted lines show
results for the estimation with the shadow interest rate as monetary policy
variable; dashed lines show results for the estimation where the 298 observa-
tions in which the zero lower bound was reached were excluded. Median impulse
responses to a 100 basis point expansionary monetary policy shock during finan-
cial crises and normal times are in percent; median differences between regimes
are in percentage points.
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Figure A5. Euro-Area and Non-euro-area Samples:
Full Results

Notes: Solid lines show results from the baseline estimation; dashed (dotted)
lines show results for the estimation over the euro-area (non-euro-area) subsam-
ple. Median impulse responses to a 100 basis point expansionary monetary policy
shock during financial crises and normal times are in percent; median differences
between regimes are in percentage points.
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Figure A6. Identification via Sign Restrictions:
Full Results

Notes: Solid lines show results from the baseline estimation; dashed lines show results
for the estimation, where the monetary policy shock is identified via sign restrictions.
Median impulse responses to a 100 basis point expansionary monetary policy shock dur-
ing financial crises and normal times are in percent; median differences between regimes
are in percentage points. In the robustness check, the recursively estimated coefficients
are evaluated at different values of the interaction terms and reduced-form parame-
ters are calculated for each draw from the posterior. Then, for each parameter draw
and regime, rotations of the impulse responses are generated until 100 rotations satisfy
the sign restrictions. The median over the accepted rotations is then retained for each
parameter draw and another median is calculated over all parameter draws.
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Figure A7. Additional Robustness Checks

Notes: Solid lines show results from the baseline estimation; dashed lines show results
for the estimation with an alternative quarterly dating of financial crisis episodes (begin-
ning in the last quarter of the first financial crisis year and ending in the first quarter
of the last year). Dotted lines show results for the estimation over the 1984–2010 sub-
sample which excludes the double-dip recession period after the global financial crisis.
Median impulse responses to a 100 basis point expansionary monetary policy shock dur-
ing financial crises and normal times are in percent; median differences between regimes
are in percentage points.
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Figure A8. Four Regimes: Estimation with Shadow
Interest Rates and Identification via Sign Restrictions

Notes: Solid lines show the baseline estimation over four regimes; dashed lines
show results for the estimation, where the monetary policy shock is identified via
sign restrictions; dotted lines show results for the estimation with the shadow
interest rate as monetary policy variable (with recursive identification as in the
baseline). Median impulse responses to a 100 basis point expansionary monetary
policy shock are in percent. For each draw from the posterior, impulse responses
are computed for the different regimes.
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This paper is the first to comprehensively assess the impact
of the euro area’s non-standard monetary policy measures on
southeastern Europe. The outcomes of bilateral BVAR models
suggest that the ECB’s non-standard monetary policy meas-
ures have had pronounced price effects on all, and output
effects on approximately half, of the countries in southeast-
ern Europe. While I find evidence that exports have posed
as relevant transmission channels in most cases, the role of
the interbank market rate as a channel of shock transmission
is less clear. Furthermore, the results suggest that exchange
rates’ responses have been relatively muted.
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1. Introduction

Since October 2008 the European Central Bank (ECB) has intro-
duced a number of non-standard monetary policy measures, which
are unprecedented in nature, scope, and magnitude, and have ranged
from significant changes in the operational framework to large
bond purchasing programs. Assessing potential spillovers from mon-
etary policy measures of advanced economies has become impor-
tant in a globalized world, and this incorporates not only potential
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spillovers via real channels like trade links and remittance flows but,
more and more, also the impact of financial spillovers, as mone-
tary policy measures often generate sizable changes in capital flows
and exchange rate dynamics. This mechanism could be very well
observed in the so-called taper tantrum episode in mid-2013, when
the Federal Reserve announced that it would gradually turn off its
bond-buying program, which provoked a pronounced shift in market
sentiment vis-à-vis emerging markets (see Sahay et al. 2014). Quan-
tifying the direction and magnitude of international spillovers caused
by advanced economies’ monetary policy measures—and identifying
the main transmission channels—is thus of utmost importance for
policymakers in order to design optimum policy responses, both to
spillovers from the introduction of such measures and to spillovers
from their potential reversal.

The focus of interest for this paper lies in potential spillovers of
ECB monetary policy measures to European countries that are not
yet part of the euro area or are in the process of European Union
(EU) accession. More specifically, this paper deals with the coun-
tries of southeastern Europe (SEE) that can be regarded as tran-
sition countries with respect to their economic development stage.1

SEE countries are interlinked with the euro area through various
channels. High trade integration and sizable remittance flows con-
stitute potential real transmission channels, while the presence of
a number of bank subsidiaries headquartered in the euro area and
(correspondingly) a high degree of euroization2 represent financial
links.

Additionally, the heterogeneous monetary policy regimes of SEE
countries provide an interesting case for cross-country compar-
isons with regard to the role of exchange rate regimes in shap-
ing spillovers: exchange rate regimes in SEE range from inflation
targeters with (managed) floating exchange rates (Albania, Roma-
nia, and Serbia), to stabilized arrangements with the euro as a
reference currency (Croatia and North Macedonia), to euro-based

1This is in contrast to Baltic and central European countries, where con-
vergence towards the “old” EU member states progressed further than in SEE
countries.

2Either through high unofficial asset and liability euroization of the banking
systems or, in the case of Montenegro, through the use of the euro as the legal
tender; see European Central Bank (2016) for more information.
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currency boards (Bosnia and Herzegovina as well as Bulgaria),
to the unilateral adoption of the euro as the sole legal tender
(Montenegro).

The aim of this paper is thus to answer three questions: First,
in what direction and to which magnitude have the ECB’s non-
standard monetary policy measures been affecting the SEE coun-
tries? Second, through which channels are these shocks transmitted
to SEE? Third, do different exchange rate regimes play a role in
shaping the SEE countries’ responses to a non-standard monetary
policy shock?

The main contribution of this paper to the literature is the sys-
tematic examination of spillovers from the ECB’s non-standard mon-
etary policy measures to the whole SEE region. While its three EU
members (Bulgaria, Croatia, and Romania) have already been cov-
ered to a certain extent in the spillover literature, no research has
been undertaken yet for the remaining countries, which are five can-
didate and potential candidate countries to the EU.3 By employing
impulse response functions in a structural BVAR setting, the effect of
non-standard monetary policy shocks on each country’s output, price
level, exports, short-term interest rate, and (if applicable) exchange
rate is estimated.

The results show that the price level of all countries is positively
affected by an expansionary non-standard monetary policy shock
originating in the euro area, and for approximately half of the coun-
tries output also responds in a positive and pronounced way. Further-
more, spillovers seem to be mostly transmitted via exports, while in
only a few cases the interbank interest rate (used as a proxy for the
financial channel) exhibits a clear response to the shock. Addition-
ally, the results suggest that in countries operating under a flexible
exchange rate regime, exchange rates did not react strongly to the
non-standard monetary shock, which is in line with the relatively
stable exchange rates during the sample period.

The structure of the paper is as follows: Section 2 provides
an overview of the literature, while section 3 introduces the
methodological approach. The corresponding results and potential

3Due to data limitations, the remaining prospective EU member, Kosovo,
cannot be included in the empirical analysis.
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transmission channels are discussed both from a cross-country per-
spective and for each country individually in section 4. Section 5 doc-
uments robustness tests undertaken in order to cement the results.
Section 6 concludes.

2. Related Literature

A vast amount of literature on cross-border monetary policy
spillovers has emerged in the past decades, which in the begin-
ning focused mostly on spillovers between advanced economies.
Canova (2005) was among the first ones to investigate monetary
policy spillovers from an advanced economy (the United States) to
emerging economies (eight countries in Latin America), followed by
other papers modeling spillovers from U.S. monetary policy to Latin
America, Canada, and Asian economies (see, e.g., Maćkowiak 2007),
and from euro-area monetary policy to other European countries
(both emerging and advanced; see, e.g., Maćkowiak 2006, Jarociński
2010, and Benkovskis et al. 2011). On SEE countries, the litera-
ture on conventional monetary policy spillovers is less abundant,
which is mainly related to the short time series available. Neverthe-
less, available results are very heterogeneous and seem to depend on
the model and specifications used (see Jiménez-Rodriguez, Morales-
Zumaquero, and Ègert 2010; Minea and Rault 2011; Feldkircher
2015; Petrevski et al. 2015; Hájek and Horváth 2016; and Potjagailo
2017, using near-VAR, VAR, GVAR, SVAR, and FAVAR models).
Moreover, to the best of my knowledge, four SEE countries4 have
not yet been covered in the spillover literature at all.

The introduction of non-standard measures in October 2008 and
the subsequent expansion and ongoing usage of several different
unconventional instruments brought a new angle into the acade-
mic and policy discussion of euro-area monetary policy spillovers
to countries outside the euro area.5 However, given that the global
experience with non-standard monetary policy is restricted (with a

4Namely Albania, Bosnia and Herzegovina, Montenegro, and Serbia.
5For the purpose of this paper, only spillovers outside the euro area are dis-

cussed. For an assessment of the effects within the euro area see, e.g., Peersman
(2011); Boeckx, Dossche, and Peersman (2017); Burriel and Galesi (2018).
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few exceptions) to the aftermath of the global financial crisis, the
literature on spillovers from advanced economies’ non-standard or
unconventional monetary policy measures to emerging markets is
relatively scarce. It can be divided into two categories: One strand
investigates the impact of monetary policy announcements (and
in some cases also actions) on high-frequency financial indicators
(e.g., sovereign bond yields, stock market indexes, CDS spreads, or
exchange rates); see, for example, Fratzscher, Lo Duca, and Straub
(2016) for spillovers of U.S., and Georgiadis and Gräb (2015) as well
as Falagiarda, McQuade, and Tirpák (2015) for spillovers of euro-
area non-standard monetary policy. The latter examine the effects of
more than seventy announcement-related events on financial assets
of four non-euro-area EU countries. For Romania, which is the only
SEE country covered, they find a significant effect on the short-term
money market rate and an especially pronounced effect on long-
term government bond yields, while the exchange rate seems not
to respond immediately to an ECB announcement. Ciarlone and
Colabella (2016) test the effect of the ECB’s asset purchase pro-
grams on a panel of eleven countries in central, eastern, and south-
eastern Europe, including all countries covered in this paper. They
find significant short-term spillover effects on financial variables as
well as long-term spillovers on portfolio and cross-border banking
flows.

Focusing on longer-lasting macroeconomic effects instead, the
second strand of literature has been following the methods of the lit-
erature on “conventional” monetary policy spillovers by using some
kind of VAR model to assess spillovers on macroeconomic variables.
The literature on non-standard monetary policy spillovers from the
euro area to central and eastern Europe (CEE) is scarce, whereas it
is non-existent for most countries in SEE. Babecká Kucharčuková,
Claeys, and Vaš́ıček (2016) investigate spillovers on six EU non-euro-
area countries, among them three in CEE (Czech Republic, Hungary,
and Poland). They conclude that the spillovers of unconventional
shocks are transmitted differently than those of conventional shocks,
and while exchange rates respond quickly, the effect on inflation is
ambiguous. Bluwstein and Canova (2016) use a Bayesian mixed-
frequency VAR to incorporate both high-frequency financial and
low-frequency macroeconomic data. They find that output effects
of unconventional monetary policy measures were insignificant for
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CEE countries (Czech Republic, Hungary, and Poland) and slightly
negative for SEE countries (Bulgaria and Romania), and that the
impact on inflation was slightly positive for both groups. With regard
to the exchange rate channel, they conclude that it does not seem
to shape the response of macroeconomic variables in the case of
unconventional monetary policy shocks, as opposed to the case for
conventional monetary policy. Halova and Horváth (2015) employ a
PVAR model for eleven CEE and SEE countries (among them Bul-
garia, Croatia, and Romania). Contrary to Bluwstein and Canova
(2016) and Babecká Kucharčuková, Claeys, and Vaš́ıček (2016), their
results suggest sizable spillovers and that a significant amount of out-
put fluctuations in the CEE and SEE countries can be explained by
the euro area’s non-standard monetary policy measures. Ultimately,
whether a country benefits from or is negatively affected by spillovers
of a foreign monetary policy shock depends on whether its business
cycle is in the same position as that of the “core country” (Chen
et al. 2015).

Another open issue that has been discussed in the spillover liter-
ature is what shapes the response of an economy to a foreign mone-
tary policy shock (both conventional and non-standard). The role of
the exchange rate regime has featured prominently in the spillover
discussion, following the argument that flexible exchange rates are
better suited to buffer real external shocks (based on Meade 1951
and Friedman 1953). Other potential determinants identified by the
literature are the degrees of trade and financial openness (see, e.g.,
Miniane and Rogers 2007). More recently, Georgiadis (2016) system-
atically examines U.S. monetary policy spillovers and finds that the
role of the exchange rate regime is non-linear and that non-advanced
economies operating under an inflexible exchange rate regime expe-
rience larger spillovers the more strongly they are integrated in
global trade. Furthermore, the results suggest that trade integra-
tion amplifies spillovers to non-advanced economies if the share of
manufactured goods in aggregate output is large and the country
participates in global value chains. Crespo Cuaresma et al. (2016)
additionally find that macroeconomic vulnerabilities such as high
external imbalances tend to amplify spillovers from U.S. monetary
policy shocks. For spillovers of euro-area monetary policy, Potjagailo
(2017) presents some evidence that spillovers on other EU countries’
output are larger if the exchange rate regime is fixed.
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3. Methodology

The methodology used in this paper follows the strand of litera-
ture that investigates the effects of non-standard monetary policy
measures on the real economy by employing some specification of a
VAR model. There are two reasons to choose this approach: First,
although event studies could identify significant financial market
spillovers for some European countries outside the euro area, this
does not necessarily imply that the real economy is equally affected,
since financial variables often exhibit overshooting behavior that
does not necessarily transmit into the real economy. Second, the
event-study approach requires developed financial markets to inves-
tigate the behavior of high-frequency indicators. This is a major
drawback in the case of emerging markets in general and SEE in
particular, as these countries have very shallow financial markets in
line with their small economic size and comparatively low GDP per
capita levels.

3.1 Issues in Dealing with Non-standard Monetary Policy

Empirically assessing non-standard monetary policy measures brings
a number of additional challenges compared with conventional mon-
etary policy. First, as the key monetary policy rate does not incor-
porate non-standard measures, alternative indicators for the stance
of non-standard monetary policy have to be found. Those used in
the literature so far have been the term spread between government
bonds of different maturities (e.g., Chen et al. 2012), central bank
balance sheet assets (e.g., Gambacorta, Hofmann, and Peersman
2014), or shadow rates that are supposed to be directly comparable
to key policy rates (Lombardi and Zhu 2014; Krippner 2015; Wu
and Xia 2016). In this paper I use Eurosystem balance sheet assets
as the main measure of non-standard monetary policy. In the upper
chart of figure 1, inverted Eurosystem balance sheet assets are plot-
ted together with the key policy rate. It can be seen that the key
policy rate was decreased in various steps to 1 percent in May 2009,
from where it slowly and gradually moved towards the zero lower
bound, which was reached in March 2016. In contrast, the Eurosys-
tem balance sheet assets started to increase already with the switch
of liquidity operations to a fixed-rate tender with full allotment in
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Figure 1. Indicators of Non-standard Monetary
Policy Measures

Sources: ECB, Wu and Xia (2016).

October 2008, and thereafter fluctuated with the introduction and
phase-out of the different programs. In this paper I use additionally
the shadow rate developed by Wu and Xia (2016) for robustness
testing. It is calculated by assessing bond prices in a framework of a
multifactor term structure model and is directly comparable to the
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key policy rate, as both interest rates are equal in conventional times
(see the lower chart of figure 1). In contrast to balance sheet assets,
this indicator also includes announcement effects of non-standard
monetary policy measures whenever they affect bond yields.

Second, the way some of the ECB’s non-standard monetary pol-
icy measures have been designed makes it necessary to find an empir-
ical strategy that disentangles exogenous monetary policy shocks
from endogenous or demand-driven monetary expansions. Since the
change in the operational framework from standard tender-based
allotment to fixed-rate full allotment in October 2008, monetary
policy operations have been essentially endogenous or demand dri-
ven, as banks have unlimited access to liquidity at the interest rate
on the main refinancing operations (MRO) under the condition that
they can provide enough collateral (Boeckx, Dossche, and Peersman
2017). Moreover, the (targeted) longer-term refinancing operations,
which were increased in duration and size in October 2008, are also
endogenous to a certain extent since the ECB only fixes the upper
ceiling of these operations, whereas banks decide how much to draw
upon that limit. This paper deals with endogeneity issues in several
ways. First, I follow the approach proposed by Boeckx, Dossche,
and Peersman (2017), who complement the Eurosystem’s balance
sheet assets as the main measure for non-standard monetary policy
measures with certain assumptions on shock identification (see sub-
section 3.3). Moreover, I perform robustness checks by using only the
position “Securities held for monetary policy purposes” (A070100)
of the Eurosystem’s balance sheet, which incorporates all securities
purchased under the various purchasing programs. Compared with
other positions of the Eurosystem balance sheet, this is the most
exogenous part, since the size and frequency of bond purchases are
ex ante determined by the ECB and not shaped by banks’ behavior.

3.2 Model

To model spillovers from the euro area’s non-standard monetary pol-
icy to SEE countries, the following structural BVAR model with a
monthly frequency is employed for each SEE country:

p∑
s=0

[
A11(s) A12(s)
A21(s) A22(s)

] [
y1(t − s)
y2(t − s)

]
+

[
c11
c21

]
=

[
ε1(t)
ε2(t)

]
,
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where y1(t) represents a vector of macroeconomic variables of the
SEE country, y2(t) represents a vector of macroeconomic variables
of the euro area, and the vectors c11, c21 are constants. The vectors
ε1 (t) ∼ N (0,Σ1) and ε2 (t) ∼ N (0,Σ2) denote structural shocks of
domestic and euro-area origin, respectively.

For each s, A21 (s) = 0, implying that the variables of the SEE
country are set to be exogenous to the variables of the euro area
under the assumption that neither current nor past economic devel-
opments in the SEE countries influence developments in the euro
area. This so-called block exogeneity feature introduced by Cush-
man and Zha (1997) has been used frequently in the literature (see,
e.g., Canova 2005; Maćkowiak 2007; Benkovskis et al. 2011) and is
well suited for modeling spillovers from large to small economies, as
it helps to identify spillovers from the viewpoint of the small open
economy and reduces the number of parameters to be estimated
(Cushman and Zha 1997).

The vector y1 consists of the following variables:

y1 =
(
ySEE

t pSEE
t

)′
,

where ySEE
t denotes output and pSEE

t denotes prices of the respec-
tive SEE country. At a second stage, in order to investigate potential
transmission channels, the vector y1 includes either exports,6 xSEE

t ,
the interbank market rate of the respective SEE country, iSEE

t , or
the exchange rate of the local currency vis-à-vis the euro, et, for
countries that are operating under a flexible exchange rate regime.
The vector y2 represents the euro area and includes six variables:

y2 =
(
yEA

t pEA
t assetsEA

t CISSt spreadEA
t MROt

)′
,

where yEA
t and pEA

t again denote output and prices, respectively,
but this time for the euro area, and assetsEA

t represents Eurosys-
tem balance sheet assets as the main measure for non-standard
monetary policy (as discussed in subsection 3.1). Moreover, follow-
ing Gambacorta, Hofmann, and Peersman (2014), Boeckx, Dossche,
and Peersman (2017), and Burriel and Galesi (2018), I include the

6In order to account for indirect spillovers, exports to the world (instead of
only to the euro area) are used.
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CISS indicator (composite indicator of systemic stress) developed by
Holló, Kremer, and Lo Duca (2012) (CISSt), which serves two pur-
poses: First, it controls for the impact of euro-area financial stress
and economic risk, which is important to capture in the model, as
it has had pronounced effects on euro-area macroeconomic develop-
ments. Second, the inclusion of the CISS indicator helps to disen-
tangle exogenous balance sheet movements from endogenous ones
and thus enables a proper identification of monetary policy shocks
(see subsection 3.3). For the same purpose, I also include the spread
between EONIA and the MRO rate (denoted spreadEA

t ). To disen-
tangle conventional from non-standard monetary policy shocks, the
model incorporates additionally the MRO rate (MROt).

The chosen estimation procedure is Bayesian, because it is bet-
ter suited for shorter data sets compared with frequentist methods.
I use an independent normal-Wishart prior and obtain the scale
matrix S0 from individual AR regressions. Estimations are carried
out by employing the BEAR (Bayesian estimation, analysis, and
regression) toolbox developed by Dieppe, Legrand, and van Roye
(2016). The autoregressive coefficient of the prior is set to 1, since
the variables enter the model in levels. This specification is possi-
ble in Bayesian models, where the prior can account for unit-root
behavior by including an autoregresssive coefficient on the first own
lag of each variable, and it has the advantage of avoiding the trans-
formation bias that occurs when data enter transformed into first
differences. The remaining hyperparameters that specify the prior
are chosen following Dieppe, Legrand, and van Roye (2016).

The posterior is derived by Gibbs sampling, with a total number
of 5,000 iterations and a burn-in sample of 1,000 iterations. The
Bayesian information criterion (BIC) suggests a lag length of 1;
however, testing for autoregressive behavior of the residuals sug-
gests that a model specification of four lags is best to avoid residual
autocorrelation. Therefore I define p = 4.

3.3 Identification

In order to generate impulse response functions, the identifica-
tion of shocks is carried out via sign and zero restrictions, follow-
ing the method proposed by Arias, Rubio-Ramirez, and Waggoner
(2014) (see Dieppe, Legrand, and van Roye 2016). The non-standard
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Table 1. Sign and Zero Restrictions for the Shock
Identification of the Baseline Model

assetsEA
t CISSt spreadEA

t MROt yEA
t pEA

t ySEE
t pSEE

t

+ – – 0 0 0 0 0
0–1 0–1 0–1

Note: 0 indicates that the immediate response is restricted, while + (–) indicates
that only a positive (negative) reaction is permitted in the respective period.

monetary policy shock is the only identified shock in the model (see
table 1). The first six variables define the non-standard monetary
policy shock and its effects on the euro area, while the remain-
ing variables apply to the respective SEE country’s output and
price level. An expansionary non-standard monetary policy shock
increases the Eurosystem balance sheet assets on impact and in the
first month following the shock, while the CISS indicator as well as
the spread between EONIA and the MRO decrease immediately (on
impact) and in the first month after the shock. These identifying
assumptions are taken to distinguish demand-driven from exoge-
nous balance sheet shocks, following Boeckx, Dossche, and Peersman
(2017) and Burriel and Galesi (2018). More specifically, in periods
of financial stress or other shocks, increased demand for liquidity
expands the balance sheet, implying that the CISS indicator as well
as EONIA increase (see Boeckx, Dossche, and Peersman 2017). Vice
versa, a balance sheet expansion that is caused by an ECB mone-
tary policy measure should not increase but decrease both financial
stress and the demand for liquidity, which is exactly the assumption
taken in the shock identification. Finally, the zero restriction of the
MRO rate ensures that the balance sheet increase is orthogonal to
a conventional monetary policy shock. For the response of output
and prices, I follow the standard approach of defining conventional
monetary policy shocks by imposing zero restrictions to disentangle
it from other shocks. Similarly, zero restrictions are placed on output
and price responses of the SEE country, in order to disentangle the
potential spillover from domestic real economy disturbances.7 The

7For the same reason, a zero restriction is put on exports in the subsequent
estimations on potential transmission channels.
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Table 2. Acceptance Rates of Structural Matrices (in %)

Albania 13.93
Bosnia and Herzegovina 12.21
Bulgaria 13.71
Croatia 11.95
North Macedonia 13.40
Montenegro 12.24
Romania 11.96
Serbia 13.12

non-standard monetary policy shock is the only shock identified. The
acceptance rates of the structural matrices from the baseline models
are depicted in table 2.

3.4 Data

The time span of the baseline model covers the period between Jan-
uary 2008 and December 2017. As a measure of output I use GDP,
interpolated by the Chow-Lin method with industrial production to
obtain data with monthly frequency.8 The price level is measured
as the consumer price inflation (harmonized consumer price infla-
tion in the case of EU countries) index. As indicator for a potential
financial channel I use short-term interest rates, since time series
on asset prices or longer-term interest rates are not available for all
countries. More specifically, I include monthly values of three-month
interbank market rates, with the exception of Bosnia and Herzegov-
ina as well as Montenegro, which do not publish interbank market
rates. In the case of Montenegro, an unweighted average of three-
month and six-month government T-bill rates is used as a proxy
for interbank market rates. For Bosnia and Herzegovina, no such
short-term interest rate exists. Therefore, following the approach
of Cerutti et al. (2010), I create a composite series that consists
of two-thirds of retail deposit rates and one-third of retail lending

8The exception is Montenegro, where GDP is not available for the whole time
span and therefore industrial production is used as a measure for output.
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rates, both in the corporate sector. All exchange rates are expressed
in average local currency vis-à-vis the euro, so an increase in the
exchange rate depicts depreciation and vice versa. Data on exports,
which are derived from the International Monetary Fund’s (IMF’s)
Direction of Trade Statistics and converted into euros, are limited
to merchandise exports, which means that service exports are not
captured in the model. All variables enter the model in monthly fre-
quency and in levels. Moreover, all variables are seasonally adjusted
by the U.S. Census Bureau’s X-13 seasonal adjustment procedure
and are transformed into their natural logs (with the exception of
financial variables). The data sources are national central banks,
national statistical offices, Eurostat, the ECB, the IMF’s Direction
of Trade Statistics, and Bloomberg.

4. Results

4.1 The Effect of a Non-standard Monetary Policy Shock on
the Euro-Area Economy

I start by looking at the transmission of an expansionary Eurosys-
tem balance sheet shock within the euro area. The impulse response
functions of the euro area are displayed in figure 2, where the con-
tinuous line depicts the median posterior response and the shaded
area represents 68 percent of the credibility interval. Because the
variables enter the model in natural logs, the y-axis reports percent-
age changes, except for financial variables, which are depicted in
percentage-point changes. It can be observed that the one-standard-
deviation (1.1 percent increase) balance sheet shock is very per-
sistent, as it remains almost unchanged for two years. Both the
accompanying decline of the CISS indicator and the decrease of the
EONIA-MRO spread are less persistent but do not fade out com-
pletely until the end of the two-year horizon. The response of the
MRO (key policy rate) to the non-standard monetary policy shock
is ambiguous. Turning to the macroeconomic effects, the impulse
responses suggest that output rises gradually, with a peak increase
of 0.03 percent after eleven months. The price-level increase reaches
0.04 percent after two years and, in line with economic theory, the
response seems to be relatively persistent.
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Figure 2. Euro Area: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for financial
variables, where percentage-point changes are depicted.

4.2 Spillovers to SEE Countries and Their Transmission
Channels

Turning to the SEE countries, the results suggest that spillovers
from a euro-area expansionary non-standard monetary policy shock
are positive (see figure 3, upper-left panel). In the three coun-
tries that exhibit the highest magnitude in their shock response
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Figure 3. Comparison of Responses to a Non-standard
Monetary Policy Shock

Note: The figure shows the peak response to an expansionary balance sheet
shock within the first twenty-four months in percent.
*For Montenegro, output refers to industrial production instead of GDP. The
results are derived from the baseline model (output and price level) as well as
separate models including exports, interest rates, and exchange rates.

(Montenegro,9 Albania, and Serbia), it is credible within the 68
percent interval. Moreover, in half of the countries the response of
output seems to be stronger than in the euro area.

Price-level responses are positive in all countries and lie (with
one exception) within the 68 percent credibility interval (see figure 3,
upper-right panel). It can be observed that the peak response is by

9It should be noted that for Montenegro, the response of industrial production
instead of GDP is depicted, which explains the magnitude.
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far the strongest for Serbia (at 0.13 percent), followed by Roma-
nia and Bulgaria. The relatively strong price responses, which are in
most countries stronger than the euro-area response itself, are in line
with the high share of imports from the euro area that range from
around one-third to over 50 percent of all imports in SEE countries.

In order to shed light on potential transmission channels, I esti-
mate spillovers on exports and interbank interest rates in separate
models, where the vector y2(t) for the identification of the euro-
area shock remains unchanged but the vector y1(t) contains either
exports or short-term interest rates. For exports, the peak response
is depicted in the center-left panel of figure 3. The impact of a non-
standard monetary policy shock on SEE exports is positive in all
countries, suggesting that exports are indeed an important channel
of shock transmission, and it is credible within a 68 percent interval
in three countries. The largest magnitude of the shock response can
be observed for Montenegro, Albania, and Serbia, which corresponds
to the relative magnitude of their output reaction and thus suggests
that exports are indeed a relevant transmission channel.

Turning to short-term interest rates, the peak responses across
countries are heterogeneous in sign and magnitude, and surrounded
by large uncertainty bands. One reason for the weak model out-
put might be the relatively illiquid interbank money markets in
SEE countries. Thus this result should not necessarily be taken as
proof that financial channels do not transmit non-standard mone-
tary policy shocks from the euro area to SEE countries, as changes in
the interbank market rate do not capture foreign direct or portfolio
inflows.

Comparing the peak responses across countries, the results sug-
gest that the inflation-targeting countries which operate under
a managed or flexible exchange regime were equally affected by
spillovers as countries that have pegged their currency to the euro.
This result is not surprising when the model output on exchange rate
responses is taken into account (figure 3, lower-left panel), where
the peak responses in Albania and Serbia suggest an exchange rate
depreciation (rather than an appreciation, which would be expected
by economic theory) and in Romania the peak appreciation is sur-
rounded by a large uncertainty band. This is in line with the very
stable exchange rates observed for Albania and Romania in the sam-
ple period. Moreover, between January 2008 and December 2017 the
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Table 3. Forecast Error Variance

Price
Output Level

Euro Area 1.24 4.94
Albania 3.98 3.10
Bosnia and Herzegovina 0.67 1.21
Bulgaria 1.45 4.23
Croatia 0.73 1.66
North Macedonia 1.04 2.68
Montenegro 1.29 3.78
Romania 0.83 4.27
Serbia 2.45 3.04

Note: Percentage of the variance of the respective variables explained by a non-
standard monetary policy shock after twenty-four months.

central banks of Albania, Romania, and Serbia eased their mone-
tary policy stance by decreasing their interest rates by a total of
500, 625, and 650 basis points, respectively, which might have coun-
teracted appreciation pressures on the exchange rate. The finding
that in SEE flexible exchange rates did not respond strongly to non-
standard monetary policy shocks during the period under review
is in line with Bluwstein and Canova (2016), who argue that the
exchange rate channel is not important for unconventional mone-
tary policy transmission (which is different from the conventional
case).

4.3 The Importance of Euro-Area Non-standard Monetary
Policy Shocks for SEE Countries

Besides analyzing the peak effect from non-standard monetary pol-
icy shocks on certain macroeconomic variables in SEE, it is also
important to assess how much of the variance of output and prices
can be explained by non-standard monetary policy shocks. Table 3
presents the percentage of the forecast error variance of output and
price explained by a non-standard monetary policy shock. For the
euro area itself, non-standard monetary policy shocks account for
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1.24 percent of the fluctuations of GDP and 4.94 percent of the fluc-
tuations of the price level after two years. In a similar vein, for most
SEE countries the degree of variance explained by euro-area non-
standard monetary policy shocks is higher for prices than for output.
Comparing the forecast error variance of output among SEE coun-
tries, Albania, Serbia, and Bulgaria are the countries most exposed
to euro-area non-standard monetary policy shocks, and in half of
the countries the movements in output are larger than the output
variability in the euro area, which is in line with the analysis from
impulse response functions. With regard to the price level, the high-
est variability among SEE countries can be observed in Romania,
Bulgaria, and Montenegro, which is again mostly in line with the pre-
vious analysis. However, the explanatory power of the non-standard
monetary policy shock in price levels is lower in SEE countries than
in the euro area.

4.4 Results for Individual SEE Countries

The response of the Albanian economy to a non-standard monetary
policy shock is shown in figure 4. An expansionary euro-area balance
sheet shock raises output by 0.07 percent and prices by 0.05 percent
after two years. Albania’s exports rise as a response to the balance
sheet shock, peaking at 0.43 percent after five months, suggesting
that exports are an important transmission channel to explain the
relatively strong spillover to the Albanian economy. The response of
the interbank interest rate on the other hand seems to be muted.
Also, the exchange rate of the lek vis-à-vis the euro does not exhibit
an unambiguous response to the shock, which is in line with the fact
that it has fluctuated only slightly against the euro in the sample
period.10

In the case of Bosnia and Herzegovina, the economic response
to a non-standard euro-area monetary policy shock is depicted in
figure 5. Output shows initially a slightly negative response which
turns positive after seven months, but the uncertainty band sur-
rounding the response is relatively high. Notwithstanding the mixed
output response, the price level increases gradually, with a peak

10Between 2008 and 2017 the average monthly fluctuation against the euro
amounted to 0.5 percent.
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Figure 4. Albania: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for inter-
est rates, which depict changes in percentage points. The results are derived from
the baseline model (output and price level) as well as separate models including
exports, the interest rate, and the exchange rate.

increase of 0.03 percent after twelve months. Exports react in a pro-
nounced manner, with a peak response of 0.32 percent after nine
months. The uncertainty band of the interest rate response (which
in Bosnia and Herzegovina’s case is a composite retail rate) is rel-
atively wide in the short term but becomes more significant in the
medium term, with a decrease of 0.01 percentage points.
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Figure 5. Bosnia and Herzegovina: Response to a Balance
Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for the
interest rate, which depicts changes in percentage points. The results are derived
from the baseline model (output and price level) as well as separate models
including exports and the interest rate.

For Bulgaria (see figure 6), the output response is positive, with
an increase of 0.04 percent after two years. The price level exhibits
a pronounced increase, reaching the peak of 0.07 percent after nine-
teen months. The export channel seems to be relevant also in the
case of Bulgaria, as exports rise, with a peak of 0.30 percent after
eight months. The interbank interest rate does not react in the short
run, but in the medium term it exhibits a decrease of 0.01 percent-
age point at the end of the two-year horizon. The marked reaction
of output and prices in Bulgaria are in line with the results of Hájek
and Horváth (2016) for spillovers of positive short-term interest rate
shocks.

In the case of Croatia (see figure 7), the response of output is
positive and peaks at 0.02 percent after twelve months, although it
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Figure 6. Bulgaria: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for the
interest rate, which depicts changes in percentage points. The results are derived
from the baseline model (output and price level) as well as separate models
including exports and the interest rate.

is surrounded by some uncertainty. The response of the price level is
more significant and exhibits an increase of 0.03 percent at the end of
the two-year horizon. Both the output and the price response are in
line with what Hájek and Horváth (2016) find for policy spillovers of
positive short-term interest rate shocks.11 Furthermore, the export
response peaks at 0.33 percent after six months, while the interbank
market rate decreases, with a trough of 0.04 percentage point after
eight months. The results suggest that both exports and financial
channels might be relevant in transmitting shocks from non-standard
monetary policy measures in the euro area to Croatia.

11Conversely, Petrevski et al. (2015) find that the same shock increases Croa-
tia’s price level.
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Figure 7. Croatia: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for the
interest rate, which depicts changes in percentage points. The results are derived
from the baseline model (output and price level) as well as separate models
including exports and the interest rate.

The response of the economy of North Macedonia is depicted in
figure 8. The results suggest that the euro-area non-standard mon-
etary policy shock does not trigger a significant output response,
while the price-level response is positive, with a peak of 0.04 per-
cent after twenty-three months. Exports peak—although not strictly
significantly—at 0.22 percent after twelve months. The interbank
market rate decreases by a maximum of 0.03 percentage point after
eight months, with the response being relatively persistent and
becoming more significant towards the end of the horizon, suggesting
that financial spillovers could play a role at least in the medium term.
The results for the interest rate response are in line with Petrevski
et al. (2015) for a positive short-term interest rate shock; however,
they find a different response of the price level.
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Figure 8. North Macedonia: Response to a Balance Sheet
Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for the
interest rate, which depicts changes in percentage points. The results are derived
from the baseline model (output and price level) as well as separate models
including exports and the interest rate.

For Montenegro, an exogenous expansion of the Eurosystem’s
balance sheet translates into a pronounced rise of industrial produc-
tion by 0.40 percent after three months (see figure 9). The price
level also increases by 0.05 percent at the end of the two-year hori-
zon. Montenegro’s exports seem to rise by 0.58 percent after six
months, suggesting that an increase in exports might explain the rise
in industrial production and prices. The uncertainty of the interest
rate response, which is in the case of Montenegro a composite of
three- and six-month T-bill rates, is very high in the short term,
while in the medium term the increase in interest rates becomes
more significant.

Spillovers to Romanian output from the non-standard monetary
policy shock are not very pronounced (compare figure 10). This
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Figure 9. Montenegro: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for the
interest rate, which depicts changes in percentage points. The results are derived
from the baseline model (output and price level) as well as separate models
including exports and the interest rate.

result is different from the findings of Hájek and Horváth (2016) and
Bluwstein and Canova (2016), who conclude that a contractionary
euro-area short-term interest rate shock initially increases Roman-
ian output (or that an expansionary non-standard monetary policy
output decreases Romanian output, respectively). The response of
prices, on the other hand, is positive and relatively strong, with an
increase of 0.09 percent after two years. Exports are peaking at 0.20
percent after a period of seven months. On the contrary, the response
of the short-term interest rate is muted, suggesting that the euro-
area shock does not affect the interbank market rate in Romania.
Initially the exchange rate seems to appreciate, which is however
subject to high uncertainty, which turns into a more pronounced
and persistent depreciation after five months. The blurred response
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Figure 10. Romania: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for inter-
est rates, which depict changes in percentage points. The results are derived from
the baseline model (output and price level) as well as separate models including
exports, the interest rate, and exchange rate.

is in line with the relative exchange rate stability of the lei vis-à-vis
the euro since mid-2012.12 The muted exchange rate response con-
firms the outcome of the event study by Falagiarda, McQuade, and

12From mid-2012 to end-2017 the average monthly fluctuation against the euro
amounted to 0.5 percent, as compared with 1.0 percent from 2008 up to mid-2012.
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Figure 11. Serbia: Response to a Balance Sheet Shock

Notes: The figure shows the response of variables to an expansionary one-
standard-deviation Eurosystem balance sheet shock. The shaded regions report
pointwise 68 percent credibility intervals. The x-axis reports months, and the
y-axis reports monthly growth rates in percent for all variables except for inter-
est rates, which depict changes in percentage points. The results are derived from
the baseline model (output and price level) as well as separate models including
exports, the interest rate, and exchange rate.

Tirpák (2015), while they also find a pronounced reaction of the
short-term money market rate which is different from the results
obtained here.

Serbia’s output (see figure 11) increases, with a peak of 0.06
percent after eleven months, which is one of the strongest output
responses compared with the other countries in the region. Also,
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Table 4. Sign and Zero Restrictions for the Shock
Identification of the Shadow Rate Model

shadowEA
t CISSt spreadEA

t MROt yEA
t pEA

t ySEE
t pSEE

t

– – – 0 0 0 0 0
0–1 0–1 0–1

Note: 0 indicates that the immediate response is restricted, while + (–) indicates
that only a positive (negative) reaction is permitted in the respective period.

the price response is very pronounced, with a peak increase of 0.13
percent at the end of the two-year horizon, which inter alia can
be explained by the strong contribution of euro-area import prices
to inflation pressures in the past (see, e.g., International Monetary
Fund 2011). Serbia’s exports seem to react positively to the shock,
with a peak response of 0.35 percent after seven months. On the
contrary, neither the interbank interest rate nor the exchange rate
seems to be affected significantly by the shock.13

5. Robustness Testing

To test whether the results hold for different model specifications or
variable choices, I perform the following robustness checks: As dis-
cussed in subsection 3.1, besides balance sheet assets, shadow rates
can also be used as an indicator for non-standard monetary policy
measures. To see whether the results are robust to an expansionary
shadow rate shock (where I use the shadow rate developed by Wu
and Xia 2016), I keep all other variables and the shock identifica-
tion unchanged. The only difference is that an expansionary shock
implies that the shadow rate decreases, which means that the sign
restriction for the shadow rate is turned into negative (see table 4).

The results of a one-standard-deviation shadow rate shock for the
euro area are depicted in figure 12. The double lines represent the
credibility interval of the shadow rate shock, while the shaded area
indicates the credibility interval of the baseline model. Compared

13This is despite the fact that, compared with Albania and Romania, Serbia’s
exchange rate fluctuated relatively strong vis-à-vis the euro in the sample period,
with an average monthly fluctuation of 0.9 percent.
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Figure 12. Euro Area: Response to a Shadow Rate Shock

Note: The shaded area represents the 68 percent credibility interval of the bench-
mark model, while the double lines indicate the credibility interval of the response
to an expansionary one-standard-deviation shadow rate shock.

with a balance sheet shock (see figure 2), the shadow rate shock is
less persistent. Regardless of the different time horizon, the responses
of the financial variables (CISS, EONIA-MRO spread, and MRO)
are very similar. The effects on output and prices are also in line
with the baseline model, although the median price-level response is
lower and the credibility intervals are larger when using the shadow
rate as an indicator for non-standard monetary policy measures. The
spillovers to output and price levels of the SEE countries are depicted
in figures 13 and 14. The outcome is qualitatively in line with the
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Figure 13. Response to a Shadow Rate Shock:
Effect on Output

Note: The shaded area represents the 68 percent credibility interval of the bench-
mark model, while the double lines indicate the credibility interval of the response
to an expansionary one-standard-deviation shadow rate shock. For Montenegro,
industrial production is taken as a measure for output.
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Figure 14. Response to a Shadow Rate Shock:
Effect on Price Level

Note: The shaded area represents the 68 percent credibility interval of the bench-
mark model, while the double lines indicate the credibility interval of the response
to an expansionary one-standard-deviation shadow rate shock.
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baseline model. In some cases, the price-level response is less pro-
nounced than in the baseline model, which can be explained by the
more muted response of euro-area prices (see figure 12). Moreover, I
reestimate all models by using only the position “Securities held for
monetary policy purposes” (A070100) of the Eurosystem’s balance
sheet. As discussed in subsection 3.1, this balance sheet position
reflects the most exogenous non-standard monetary policy measure
and therefore serves as another robustness test for exogenous mon-
etary policy shocks. Furthermore, I can also infer from the results
whether spillovers of securities purchases are different from compos-
ite spillovers of all programs. Again, the results are qualitatively
robust.

6. Conclusion

This paper is the first one to comprehensively assess the economic
impact of the euro area’s non-standard monetary policy measures
on the countries of southeastern Europe (SEE). By employing bilat-
eral structural BVAR models, I am able to identify macroeconomic
spillovers as well as potential transmission channels for each coun-
try individually. Three questions are addressed in this paper: First,
how have the ECB’s non-standard monetary policy measures been
affecting the SEE countries? Second, which channels are transmit-
ting these shocks to SEE? Third, do different exchange rate regimes
play a role in the SEE countries’ responses to the shock?

The results show that the price level of all countries is posi-
tively affected by an expansionary non-standard monetary policy
shock originating in the euro area, in line with the importance of
euro-area imports in total imports. Compared with the euro-area
response of the price level, the inflationary effect on SEE is larger in
most SEE countries. With regard to the output response, the shock
has an expansionary effect in approximately half of the countries,
which is in some cases also more pronounced than the euro-area
output response. These results are confirmed by robustness checks.

Regarding possible transmission channels, I find that spillovers
seem to be mostly transmitted via the export channel. On the con-
trary, the interest rate channel exhibits a pronounced response only
in a few countries, which might be driven by the relative illiquid
interbank market in the SEE countries. Nevertheless, financial flows
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in the form of foreign direct or portfolio investments, which are not
captured in the model, still might play a role.

With respect to the exchange rate regime, I find no influence
of it on the price-level or output responses. This is in line with
the absence of a distinct exchange rate response in the model out-
put for the countries under a flexible regime, which can in turn be
explained by the very stable exchange rate the respective currencies
have exhibited vis-à-vis the euro in the past years.

The current work could be extended in various directions. A com-
parison between the spillovers of euro-area non-standard and euro-
area conventional monetary policy measures could indicate whether
these measures have different international effects. Moreover, future
research might include additional variables to shed more light on
potential transmission channels; especially the role of financial trans-
mission could be further explored and other channels not covered
here could be added (e.g., confidence channel). Finally, a compar-
ison with spillovers from non-standard monetary policy measures
undertaken by the central banks of other large advanced economies
(notably the United States) would shed light on the relative impor-
tance of euro-area non-standard monetary policy, and be helpful
for policymakers to design optimal policy responses to advanced
economies’ monetary policy measures and their (potential) reversal.
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The global financial crisis and the resulting policy response
led to substantial changes in U.S. dollar funding markets,
which are crucial for the functioning of the financial system
and the transmission of monetary policy in the United States.
We develop and test hypotheses on the effects of changing mon-
etary and regulatory policy on key funding rates. We show
that the federal funds rate continued to provide an anchor for
unsecured rates, albeit weaker, while its transmission to the
secured repo rate is hampered in the post-crisis period. The
Federal Reserve’s reverse repurchase facility led to stronger
co-movement and reduced volatility of money market rates.
The new regulations and the superabundant reserves envi-
ronment affected rate dynamics on calendar days primarily
through increased balance sheet costs.
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1. Introduction

During the global financial crisis of 2007 to 2009, and in the years
following, the Federal Reserve (Fed) injected massive amounts of
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liquidity into the financial system, kept its target policy rate near
zero, and introduced new tools to conduct monetary policy. Mean-
while, a series of regulatory reforms that prompted financial institu-
tions to reevaluate their risk-management practices were announced
and implemented. These changes to monetary policy implementation
and the regulatory environment marked a new era for the financial
system. In this paper we focus on the impact of these developments
on money markets.

Understanding the effects of changes to the Fed’s monetary pol-
icy framework and financial regulations is important for a number of
reasons. To start, the Fed uses money markets to influence broader
financial conditions. Specifically, the first step of monetary policy
transmission is for the Fed’s policy rate (the federal funds rate) to
influence other overnight interest rates. For effective policy imple-
mentation, other overnight rates should move closely with the fed-
eral funds rate, that is, after controlling for risk factors and market
frictions, rate differentials should be arbitraged away. Impeded mon-
etary policy transmission could pose challenges to the central bank
for controlling interest rates. Therefore, it is important to identify
how and to what extent pass-through from the federal funds rate
to other money market interest rates has been affected since the
crisis.

In addition, some adjustments to the regulatory framework that
were aimed at money markets also created new incentives for market
participants. Reliance of dealers and other financial intermediaries
on short-term borrowing in money markets may have contributed
in part to the financial crisis. Consequently, many regulations
focused on reducing risks to institutions operating in money markets.
Understanding the intended or unintended consequences of these
actions helps policymakers evaluate the costs and benefits of these
policies.

Finally, money markets represent a significant share of finan-
cial intermediation. Therefore, quantifying the effects of changes in
monetary policy implementation and regulation on these markets
is important. To provide context, at the end of the first quarter of
2018, there were roughly $4.5 trillion in money market instruments
outstanding, with federal funds and repurchase agreements (repos)
alone representing $3.5 trillion. As a point of comparison, there were
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about $5.4 trillion outstanding in non-financial corporate bonds in
the same period.1

Against this backdrop, we document significant changes to the
Fed’s monetary policy implementation framework and to the reg-
ulatory environment over the course of the financial crisis and the
subsequent effective lower bound (ELB) period. We then identify
their effects on dynamics of key overnight funding rates. To do so,
we estimate dynamic multivariate models for money market rates
over two sample periods: the pre-crisis period that runs from Janu-
ary 2001 to 2007 and serves as a benchmark, and the ELB period
from December 2008 to August 2015, during which the aforemen-
tioned policy changes took place. Our pre-crisis model incorporates
the long-run relationship of the federal funds rate with the other
overnight rates in a multivariate framework. We assume time varia-
tion in the volatilities and correlations of funding rates to allow for
potentially different dynamics around financial reporting days, when
some institutions contract their balance sheets.

Our results suggest that despite important changes in the market
structure, the federal funds rate continued to provide an anchor for
unsecured overnight rates. At the same time, the co-movement of
rates weakened significantly. In particular, transmission of the fed-
eral funds rate to the repo rate was hampered. We also illustrate
some differences in behavior for unsecured versus secured money
market rates. Specifically, we show that the new regulations sub-
stantially altered unsecured rate dynamics on financial reporting
days by increasing balance sheet costs of financial intermediaries.
Rates that represent unsecured wholesale funding costs for banks
became significantly lower and more volatile on quarter-ends. By
contrast, for secured rates, quarter-end effects weakened in the repo
market, reflecting lower dealer leverage in response to new regula-
tions and reduced net repo financing. Separately, day-of-week effects
on the federal funds rate mostly disappeared due to the abundance
of reserve balances post-crisis.

In addition to exploring differences between the pre-crisis and
ELB periods, we also take a close look at structural changes dur-
ing the post-crisis period. We use September 2013 as a natural

1Refer to Federal Reserve Z.1 release, Financial Accounts, tables 209 and 213.
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breakpoint in this sample, as two major developments took place
around that time. First, the Fed expanded its monetary policy
toolkit with the introduction of the overnight reverse repurchase
(ON RRP) facility. Second, a number of Basel III regulatory changes
were announced around that time. We document that the ON RRP
facility strengthened the link between the repo rates and unsecured
rates, and also contributed to better monetary policy transmission.
Moreover, volatility of all rates dampened, with an especially notable
decline in the repo market. We also find that the tendency of foreign
banks to reduce their overnight borrowing on financial-reporting-
related days, combined with the search by cash lenders for alterna-
tive investment opportunities, exacerbated month-end and quarter-
end effects on the federal funds rate and Eurodollar rates. The avail-
ability of the ON RRP as a viable investment option on financial
reporting days, when alternatives are limited, reduced the potential
for sharp drops in the repo rate.

In related literature on money market dynamics, Afonso, Kovner,
and Schoar (2011) analyze activity in the federal funds market dur-
ing the global financial crisis, while Gorton and Metrick (2012) and
Copeland, Martin, and Walker (2014) focus on the role of repo mar-
kets during the crisis in the context of runs. Yoldas and Senyuz
(2015) model the behavior of term money market rates and quantify
financial stress. Although the literature on monetary policy trans-
mission to the economy is vast, there is relatively limited research on
how the target rate is transmitted to other overnight interest rates.
Bech, Klee, and Stebunovs (2014) find evidence of deterioration of
the pass-through from the federal funds rate to the repo rate during
the financial crisis that seemed to persist, while Kroeger and Sarkar
(2016) suggest that this pass-through improved with the ON RRP
facility.

Another strand of literature related to our work documents the
effects of calendar days on money market rates. Spindt and Hoffmeis-
ter (1988), Griffiths and Winters (1995), Hamilton (1996), Carpenter
and Demiralp (2006), and Judson and Klee (2010) show that the
federal funds rate exhibits calendar-day effects associated with the
maintenance period as well as quarter-ends. More recently, Mun-
yan (2015) and Anbil and Senyuz (2016) document the effects of
window-dressing activity on financial reporting dates in the repo
market.
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The rest of the paper is organized as follows. In the next section,
we provide background information on the mechanics of money mar-
kets, review changes in the monetary policy implementation frame-
work and relevant regulations, and establish hypotheses on their
effects. We describe the data set in section 3 and lay out the method-
ological framework in section 4. We present and discuss the estima-
tion results in section 5. We conclude in section 6.

2. Money Markets and the Changing Landscape

The response of the Fed to the global financial crisis of 2007–09 sig-
nificantly altered the money market landscape in the United States.
With successive rate cuts, the target federal funds rate was reduced
from 5.25 percent in August 2007 to its effective lower bound (ELB)
of 0 to 0.25 percent in December 2008. The federal funds rate, as
well as other overnight rates, remained at the ELB for the next seven
years. Throughout the crisis and its aftermath, the Fed used a vari-
ety of new facilities to provide liquidity to the financial system as
well as unconventional tools, such as large-scale asset purchases. As
a result, reserves in the banking system have reached unprecedented
levels. Marking a significant shift in its policy framework, the Fed
started paying interest on reserves (IOR) in October 2008 to control
rates in an environment of superabundant reserves.

Elevated reserves and the new monetary policy tools affected
trading dynamics of money market participants. In the federal funds
market, government-sponsored enterprises (GSEs), which are not
eligible to earn IOR, became the primary lenders, while large and
foreign banks started borrowing funds at rates below IOR for arbi-
trage purposes. Mainly because of this fragmented market structure,
the IOR could not set a lower bound on the federal funds rate, lead-
ing the Fed to introduce a supplementary tool, the ON RRP facility,
in September 2013 to enhance monetary control.

The changing regulatory environment also created new incen-
tives for market participants amid a substantial decline in the lever-
age of securities dealers. Among the new regulations, the change in
the assessment base for the Federal Deposit Insurance Corporation
(FDIC) deposit insurance and the Basel III leverage ratio require-
ments are of particular importance. The former made wholesale
funding more costly for U.S.-chartered banks relative to that of U.S.
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branches and agencies of foreign banks, incentivizing domestic banks
to reduce their money market borrowing. The latter incentivized for-
eign banks to dynamically deleverage through money market activ-
ity given regional differences in implementation of the leverage ratio.
Meanwhile, both leverage levels and net repo liabilities of the broker-
dealer sector decreased notably, creating an important contrast to
the pre-crisis period, during which such institutions largely operated
outside of the regulated banking system.

The remainder of this section describes the pre- and post-crisis
monetary policy and regulatory frameworks in more detail to give
perspective on the empirical analysis that follows. We cover different
segments of the money market in sections 2.1 and 2.2, provide back-
ground on the Fed’s monetary policy implementation framework in
section 2.3, and discuss regulations in section 2.4.

2.1 Bank Reserves and Activity in the Federal Funds Market

Banks are required to maintain a minimum level of reserves at the
Federal Reserve Banks in their Districts.2 Historically, banks avoided
holding excess reserves, as such balances did not earn any interest.
Indeed, total reserve balances in the banking system averaged about
$10 billion in 2007, with only about $2 billion in excess reserve bal-
ances, while total bank assets were close to $10 trillion over the same
period. As can be seen in figure 1, reserves in the system increased
to more than $800 billion at the end of 2008, as the Fed provided
liquidity during the financial crisis through several facilities.3 Follow-
ing subsequent rounds of asset purchases from 2009 to 2014, total
reserve balances averaged nearly $2.5 trillion in 2016.4

2We will be referring to depository institutions with reserve accounts simply
as banks. See Regulation D Reserve Requirements for a full list of financial insti-
tutions in this category, available at https://www.federalreserve.gov/boarddocs/
supmanual/cch/int depos.pdf.

3See https://www.federalreserve.gov/monetarypolicy/bst crisisresponse.htm
for details on the Fed’s crisis response, and https://www.federalreserve.gov/
monetarypolicy/expiredtools.htm for a list of expired liquidity provision facilities.

4Between November 2008 and October 2014, the Fed purchased nearly $1.7
trillion in Treasury securities and about $2 trillion in agency mortgage-backed
securities, as well as $170 billion in agency debt securities in order to put down-
ward pressure on longer-term interest rates. See Krishnamurthy and Vissing-
Jorgensen (2011) and D’Amico et al. (2012) for a discussion of the economic
rationale and effects of large-scale asset purchases.
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Figure 1. Reserves and Federal Funds

Note: Data are quarterly and obtained from Call Reports.

The unprecedented increase in reserve balances changed the land-
scape for the federal funds market. Federal funds are unsecured loans
of reserve balances between banks and other eligible institutions,
mainly GSEs. Federal funds transactions are typically conducted
for an overnight term and are carried out either directly between
the institutions or through third-party brokers. Historically, trans-
actions in the federal funds market facilitated the redistribution of
reserve balances, whereby banks with reserve balances in excess of
the required levels lent to banks in need of reserves. The surge in
reserve balances led to a substantial decline in banks’ need for short-
term borrowing to cover idiosyncratic funding shortfalls. To ensure
monetary control and promote efficiency in the banking system, the
Fed introduced the IOR as a new monetary policy tool in October
2008. As a result, incentives for banks to lend federal funds at rates
below the IOR rate were largely eliminated.

As shown in figure 1, the end-of-quarter outstanding amount of
federal funds borrowed by banks declined to roughly one-fourth of
the level observed prior to the global financial crisis by 2011, and
it has remained low since then. Moreover, volume in the overnight
federal funds market declined from an average of $200 billion per
day in 2007 to $60 billion per day at the end of 2012, according to
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estimates provided by Afonso, Entz, and LeSueur (2013b). Banks
that used to lend more than half of the federal funds before the cri-
sis accounted for only a fraction of the lending activity after 2008.
GSEs, specifically the Federal Home Loan Banks, which are not eli-
gible to earn IOR, have been the main lenders in the post-crisis
period.5 On the borrowing side, Afonso, Entz, and LeSueur (2013a)
show that mostly banks under the umbrella of bank holding compa-
nies and foreign banking organizations have been purchasing federal
funds from GSEs for arbitrage purposes.6 These institutions bor-
row federal funds at rates below the IOR and place the cash in
their reserve accounts to earn the spread between the IOR and the
federal funds rate. These transactions have been relatively more prof-
itable for foreign banks, as they are not subject to assessment by the
FDIC.7

The changing landscape in the federal funds market raises the
important question of whether pass-through from the federal funds
rate to other overnight rates has been affected over time. In addi-
tion, superabundant reserves may have implications for cash flows
in the market associated with days of reserve maintenance period.8

In the pre-crisis era, activity in the federal funds market was in
part driven by maintenance-period dynamics, as shown by Spindt
and Hoffmeister (1988), Griffiths and Winters (1995), and Hamilton
(1996), among others. However, superabundant reserves, combined
with the finding by Ennis and Wolman (2015) that reserves in the
system have been fairly widely distributed across banks since mid-
2009, suggest that calendar effects associated with reserve mainte-
nance have likely dissipated in the post-crisis era.

5See Ashcraft, Bech, and Frame (2010) for a detailed description of the Federal
Home Loan Bank System and its role as a liquidity provider to banks.

6In the current context, foreign banking organizations are U.S. branches and
agencies of foreign banks.

7In 2011, the FDIC changed the assessment base for its deposit insurance
scheme from domestic deposits to total assets minus equity, making larger bal-
ances more costly for domestic banks regardless of funding source. See Kreicher,
McCauley, and McGuire (2013) for a detailed discussion.

8See the Reserve Maintenance Manual for reporting requirements as well
as calculation and maintenance of reserve balances, available at http://www.
federalreserve.gov/monetarypolicy/files/reserve-maintenance-manual.pdf.
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2.2 Other Money Market Segments

The Fed’s monetary policy implementation framework relies on
targeting the federal funds rate and cross-market linkages across
money markets. Specifically, overlapping participants in various
money market segments and arbitrage activity ensure strong co-
movement that the Fed depends on for effective monetary policy
transmission.

The Eurodollar market is another segment for unsecured funding
that is broader than the federal funds market. Eurodollars are U.S.
dollar-denominated deposits held in a bank or a bank branch located
outside of the United States. U.S. banks and foreign banking orga-
nizations cannot directly borrow in the Eurodollar market but can
take Eurodollar deposits, mainly through their Caribbean branches,
and transfer them onshore to fund U.S. operations. Eurodollar
deposits that remain outside the United States are not covered
by FDIC deposit insurance, while those that are transferred to an
insured U.S. affiliate are included in the deposit insurance assess-
ment base. Because of their unsecured nature and regulatory treat-
ment, Eurodollar deposits constitute a close substitute to federal
funds. However, the Eurodollar market has a more diverse set of
participants than the federal funds market, as participants do not
have to have an account at the Fed. Cipriani and Gouny (2015)
estimate that the average volume in the brokered Eurodollar mar-
ket is three to four times larger than that in the brokered federal
funds market. However, there has been a substantial drop in the
Eurodollar volume following the money fund reform compliance date
in October 2016, as prime funds pulled back from lending in this
market.

The major segment of the money market for secured funding is
the repo market. A repo is effectively a collateralized loan in which
the lender of the cash receives the security as collateral, and the bor-
rower pays the lender interest on the loan. Sale of securities takes
place under an agreement to repurchase them at a specified price
on a later date.9 The repo market can broadly be divided into two

9Fed transactions in the repo market are defined from the point of view of
the market participants, that is, a collateralized transaction in which the Fed
borrows cash is called a reverse repo.
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parts: the bilateral market where the two parties interact directly,
and the triparty market where clearing/brokerage services of a third
party are involved. Total volume of the Treasury repo market is
well above $2 trillion. Copeland et al. (2014) and Baklanova et al.
(2016) provide estimates of volumes in different repo market seg-
ments. Cash borrowers (or securities lenders) in the repo market
include banks and securities dealers, while money market mutual
funds (or money funds) and GSEs are among the primary lenders of
cash (or borrowers of securities).

The final segment of the money market we consider is the com-
mercial paper market, in which large corporations issue debt for a
fixed maturity. Many companies issue commercial paper when they
need to raise short-term cash, as it is a lower-cost alternative to bank
loans. Although commercial paper is unsecured, it is considered a
very safe investment, as typically only creditworthy companies with
high credit ratings issue such securities. Commercial paper is espe-
cially attractive for institutional investors, as they are liquid and
have a low risk of default.

2.3 Monetary Policy Implementation Framework

Historically, adjustment of the level of reserve balances in the bank-
ing system to move the effective federal funds rate toward the tar-
get level set by the Federal Open Market Committee (FOMC) was
the central pillar of monetary policy implementation. Given scarce
reserve balances in the system, the Fed would affect the federal funds
market rate by announcing a target level and managing the amount
of reserves available to the banking system through open market
operations (OMOs). These operations would influence the rate in
the federal funds market, where banks experiencing shortfalls could
borrow from banks with excess reserves. Given the low volume of
reserves at the Fed, around $10 billion, even small OMOs could
significantly affect the market rate. Changes in the federal funds
rate would then be transmitted to other short-term interest rates,
to longer-term interest rates, and eventually to inflation and eco-
nomic activity. This framework worked seamlessly while the Fed
was operating with a balance sheet of less than $1 trillion before the
crisis.
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The global financial crisis precipitated changes in the operational
framework of the Fed.10 In an environment with superabundant
reserves, the conventional approach based on changing the quantity
of reserves via OMOs would not work. As a result, the Fed extended
its monetary policy toolkit. In the fall of 2008, the Fed started paying
interest on banks’ reserve balances, which became the primary tool
of its new monetary policy implementation framework in controlling
short-term interest rates.

Although adjusting the IOR rate is an effective way to move
market interest rates in an environment of superabundant reserves,
federal funds have generally traded below this rate, mainly due to
the fact that only banks can earn IOR. GSEs, the other major group
of participants in the federal funds market, still have an incentive to
lend at rates below the IOR rate, as they do not receive interest on
their reserve accounts. Moreover, FDIC fees and other balance sheet
constraints, such as capital and liquidity regulations, limit arbitrage
activity by banks that would push the market rate toward the IOR
rate.

In order to enhance monetary control and put an effective floor
under short-term interest rates, the Fed introduced the ON RRP
facility as a supplementary tool for its implementation of monetary
policy. ON RRPs are offered to a broader set of financial institu-
tions, including money funds that do not have access to the federal
funds market. In September 2014, the FOMC issued a statement
summarizing the new operating strategy, and in December 2015, it
successfully lifted the federal funds rate from its near-zero range in
this framework.11

The primary tool of the new operating framework, IOR, has
important implications for the transmission of monetary policy from
federal funds to the repo market. In the pre-crisis era, the active pres-
ence of large banks in both the federal funds and repo markets was
crucial to the co-movement of these two rates. The unsecured nature
of the federal funds transactions has typically resulted in a small and

10See Ihrig, Weinbach, and Meade (2015) for an in-depth discussion of the
evolution of the Fed’s monetary policy implementation framework through the
financial crisis and its aftermath.

11See https://www.federalreserve.gov/monetarypolicy/policy-normalization.
htm for further details on policy normalization. Anderson et al. (2016) provide
an overview of money market developments after the liftoff.
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positive spread between the federal funds rate and the rate on repo
transactions where the underlying collateral is a U.S. Treasury or
agency security. However, market-determined, or effective, federal
funds rate staying below the repo rates became a frequent phenom-
enon amid superabundant reserves and the ELB on the funds rate.
The negative spread reflects reduced scope for arbitrage activity due
to IOR, aside from the dramatic reduction in banks’ needs for short-
term borrowing, as discussed previously. Specifically, when the repo
rates were greater than the federal funds rate in the past, banks could
borrow in the federal funds market and place the cash in the repo
market, creating downward pressure on the repo rates and pushing
the effective federal funds rate up. However, in the presence of the
IOR, the incentive for banks to engage in arbitrage activity across
the federal funds and repo markets exists only when the repo rates
are above the IOR. Although GSEs may also engage in this type of
arbitrage, frictions—such as internal restrictions or intraday timing
considerations—likely limit such activity. As a result, we expect a
weaker link between the effective federal funds rate and the repo
rates in the ELB sample, on net.

The supplementary monetary policy tool of the new framework,
the ON RRP facility, has also been affecting overnight funding
dynamics since its inception in September 2013. The Fed has been
conducting operations on a daily basis at a pre-announced offer-
ing rate. Through this facility, the Fed borrows cash from eligible
counterparties in exchange for Treasury securities from its open mar-
ket portfolio. These operations provide an investment vehicle for
money market participants who usually compare the facility’s offer-
ing rate with rates in the market and determine whether to bid in
the operation.

The ON RRP operations are, in essence, similar to the tempo-
rary OMOs in the form of reverse repos conducted by the Fed prior
to the crisis, but there are also important differences. Participa-
tion in the ON RRP operations is open to a wide range of entities,
including money funds, banks, and GSEs, in addition to primary
dealers of the Fed. Frost et al. (2015) show that money funds have
been the dominant cash lenders in ON RRP operations. By expand-
ing the set of alternative investments available to money funds and
GSEs, the ON RRP was intended to strengthen rate control. The
second important difference between the ON RRP and conventional
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Figure 2. ON RRP Operations

Note: Data are daily and obtained from the Federal Reserve Bank of New York,
available at https://apps.newyorkfed.org/markets/autorates/temp.

temporary OMOs is that the latter was conducted to move the effec-
tive federal funds rate close to the FOMC’s target, while the former
is intended to set a floor for the overnight rates. The mechanism is
similar to that of IOR for banks in the federal funds market; ON
RRP counterparties do not have an incentive to invest in alternative
sources unless they are offered the ON RRP rate or higher. Indeed,
Potter (2015) shows that the ON RRP has established a soft floor,
as the FOMC intended—that is, although some trades likely occur
below the ON RRP rate, volume-weighted average overnight funding
rates have mostly been above the offering rate. A general reduction
in the volatility of overnight rates is another expected effect of the
soft floor set by the ON RRP. Such effects are especially impor-
tant on financial reporting days when borrowers contract the size of
their balance sheets, leaving cash lenders looking for alternative safe
investment options.

Take-up at the ON RRP facility trended up for about a year fol-
lowing its inception in September 2013, as can be seen from figure 2.
One year later, the FOMC reduced the overall limit on the facility
substantially (from $1.4 trillion to $300 billion) and introduced an
auction process to allocate reverse repos in the event that the overall
limit is binding. This change led to a sharp drop in money market
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rates on that quarter-end, as it left cash lenders scrambling for alter-
native investments. In October 2014, term RRP operations spanning
year-end were announced. These operations were conducted over
quarter-ends until December 2015 and helped address downward
pressure on rates, suggesting that perceived investment capacity is
an important factor in determining the effectiveness of reverse repos
in supporting rates.

At the time of the rate hike in December 2015, the aggregate
cap on ON RRP operations was temporarily suspended. Currently,
ON RRP operations are limited only by the value of Treasury secu-
rities in the Fed’s open market portfolio that are available for these
operations, which stand around $2 trillion.

2.4 New Banking Regulations and Dealer Leverage

The announcement and implementation of Basel III capital and
liquidity reforms had a significant effect on the post-crisis financial
landscape. In terms of their effects on money markets, the liquidity
coverage ratio (LCR) and the leverage ratio are of particular interest
among the Basel III reforms.

The LCR rule, which was first proposed in the United States
in October 2013, requires banks to hold high-quality liquid assets
(HQLAs) to meet cash outflows under a thirty-day stress scenario.
Therefore, it has potential implications for bank activity in overnight
money markets, as many assets and liabilities closely tied to these
markets are under the jurisdiction of the LCR.

In the LCR calculation, cash inflows and outflows over a thirty-
day stress period are aggregated and netted with specific rates for
different assets and liabilities. In some cases, lending in the federal
funds market may decrease the LCR of the lending bank. Although
lending federal funds reduces the LCR numerator because reserves
are counted as HQLAs, cash inflow assumptions for financial insti-
tutions typically imply limited impact of such activity on LCR. Sim-
ilarly, lending in the repo market in which the underlying collateral
is in the HQLA category has no effect on a bank’s LCR. On the
borrowing side, funding non-HQLAs through unsecured interbank
borrowing or repos deteriorates LCR, and thus incentivizes banks to
reduce their reliance on such financing. By the time the initial LCR
announcement was made, banks had already reduced their reliance
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on wholesale funding substantially (see, for example, Choi and Choi
2016). Finally, IOR arbitrage trades increase a bank’s LCR, as the
borrowed cash is parked in the arbitrageur bank’s reserve account—
which is treated as HQLAs with no haircuts—and the cash out-
flow assumption associated with borrowing results in a less-than-
proportional increase in the denominator. All told, we do not expect
the effect of the LCR to be material for overnight money market
dynamics.

Another notable aspect of Basel III for money market activity
has been the leverage ratio requirement, which requires banks to
hold tier 1 equity equivalent to at least 3 percent of their lever-
age exposure calculated using their on- and off-balance-sheet assets,
including reserves. The Supplementary Leverage Ratio, the regu-
lation that implements the leverage ratio provisions in the United
States, bases the relevant calculations on averages of daily values
for on-balance-sheet items. In contrast, for most foreign banks, dis-
closures are based on month- or quarter-end levels. This regional
implementation difference incentivized foreign banks to contract
their balance sheets on financial reporting days and expand on
other days. The leverage ratio requirements were announced in
mid-2013, and banks started disclosing their leverage ratios to the
public in January 2015, including three quarters of historical data.
Becoming compliant before the beginning of public disclosures was
an important motivation for banks to adjust their balance sheets.
Therefore, we expect stronger reporting-day effects on rates in
the ELB sample following the introduction of the leverage ratio
requirements.

Declining leverage of securities broker-dealers has been another
important feature of the post-crisis landscape (Adrian et al. 2013).
Dealers were not subject to leverage limits prior to the crisis, as they
were outside the regulated banking system. However, four out of the
five major standalone investment banks with dealer arms have been
integrated into bank holding companies via either acquisitions or
conversions. This change has been among the main drivers of lower
dealer leverage along with generally increased risk aversion in the
aftermath of the crisis.

Dealers dynamically adjust their balance sheets mainly through
short-term borrowing in the form of repos, as discussed in Adrian
and Shin (2010). Along with overall leverage, repo activity of
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Figure 3. Repo Financing Activity by Securities Brokers
and Dealers

Notes: Data are annual and obtained from the Financial Accounts of the
U.S. statistical release (Z.1) of the Federal Reserve Board, available at
http://www.federalreserve.gov/releases/z1/. TA (TL) denotes total assets (lia-
bilities), RA (RL) denotes repo assets (liabilities), and NR is net repo financing,
that is, RL − RA.

dealers also declined relative to the pre-crisis norms. As can be seen
from figure 3, although repo lending by dealers has been relatively
stable since 2001, their repo borrowing has been lower since 2007.
The change in net repo financing has been substantial: the ratio of
net repo liabilities to total liabilities for dealers has been steadily
decreasing since its peak in 2007, and reached about 8 percent in
2015, almost one-fourth of its level in 2007. Meanwhile, the ON
RRP facility limited downward pressure on the repo rates around
financial reporting days by setting a soft floor. Therefore, we expect
weaker quarter-end effects on repo rates in the ELB sample. Table 1
summarizes all the aforementioned changes in the monetary policy
and the regulatory environment, as well as their anticipated effects
on overnight money markets.

3. Data

Our sample covers two main periods: the pre-crisis period that spans
from January 2, 2001, to July 31, 2007; and the ELB period that runs
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Table 1. Changes in Monetary and Regulatory
Policy and Implications

Changes in Monetary Anticipated Effects on
and Regulatory Policy Overnight Money Markets

Superabundant Reserves and IOR

Lower trading volumes in the
federal funds market

(i) Weaker co-movement of EFFR
with other rates

(ii) Increased EFFR volatility

Reduced scope for EFFR-RPR
arbitrage trades by banks

Weaker EFFR-RPR co-movement

Widespread distribution of
reserves

MP effects diminish in the
aggregate

ON RRP

Inclusion of money funds and
GSEs among counterparties

(i) Stronger co-movement of
overnight interest rates

(ii) Lower interest rate volatility
(iii) Weaker financial reporting

effects on RPR

New Regulations and Lower Dealer Leverage

LCR IOR arbitrage trades more
attractive, but limited effect due
to other regulatory constraints

FDIC assessment base change
Leverage ratio

Stronger financial-reporting-day
effects on unsecured rates and
their volatility

Diminishing leverage and repo
financing by dealers

Weaker financial-reporting-day
effects on RPR

from December 17, 2008, to August 28, 2015.12 The former is asso-
ciated with the conventional monetary policy operating framework
and serves as a benchmark, while the latter is a period during which

12We exclude the period from mid-2007 to late 2008 from our analysis, as this
period is associated with unprecedented movements in the rates driven by the
financial crisis.
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overnight money markets were subject to the significant changes
discussed above.

Our data set consists of four overnight money market interest
rates. The first one is the effective federal funds rate (EFFR), which
is calculated as a volume-weighted average of rates on brokered fed-
eral funds trades and published by the Federal Reserve Bank of
New York (FRBNY). The second one is the Eurodollar rate (EDR),
which represents the cost of alternative unsecured funding for large
banks. We use the EDR data that the FRBNY started collecting
in March 2010. Prior to this date, we use the data obtained from
Wrightson ICAP in the ELB sample. For our pre-crisis analysis, we
substitute the EDR with the overnight London interbank offered
rate (LIBOR), obtained from Bloomberg, because Eurodollar data
are not available for that period. LIBOR is a commonly used indi-
cator for the average rate at which banks may get short-term loans
in the London interbank market, and it serves as reference rate for
various debt instruments.13 The third key rate in our analysis is a
representative rate of secured funding from the repo market. We use
the volume-weighted average rate for Treasury GC (general collat-
eral) repo obtained from the FRBNY, which we will refer to as RPR.
Finally, we use the overnight AA non-financial commercial paper
rate (CPR) released by the Federal Reserve Board.14 An important
feature of the CPR in our context is that it represents an unsecured
funding rate that is not directly affected by the changing monetary
policy framework and new banking regulations discussed above.

Visual investigation suggests very strong co-movement among
the rates during normal times (figure 4). Moreover, the sample means
and standard deviations of the rates are remarkably close in the
pre-crisis period, as shown in panel A of table 2. However, as one
can infer from figure 5 and panel B of table 2, the co-movement of
rates appears to have weakened over the ELB period, on net. For
example, RPR remained especially elevated relative to unsecured
rates around late 2011, reportedly due to longer dealer position-
ing in Treasury securities that coincided with the Fed’s Maturity

13See Hou and Skeie (2014) for a detailed description of the rate-setting mech-
anism and efforts to reform the LIBOR.

14Data are available at http://www.federalreserve.gov/releases/cp/.
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Figure 4. Overnight Money Market Interest Rates:
2001–07

Notes: Data are daily. EFFR and RPR are from FRBNY. LIBOR is from
Bloomberg. CPR is from the commercial paper data release of the Federal Reserve
Board.

Extension Program as well as higher Treasury debt issuance.15 In
addition to weaker co-movement, calendar effects relative to the level
of the rates seem stronger, on average, over the ELB period, and the
sample moments also show more variation across the rates. In the
next section, we lay out the empirical framework to quantify such
differences and analyze them in detail.

Another difference between the two samples is the degree of sta-
tionarity of the rates. In table 3, we report the augmented Dickey and
Fuller (1979) (ADF) unit-root test statistic and the Elliott, Rothen-
berg, and Stock (1996) (ERS) point-optimal test statistic, which has
higher power against persistent alternatives. In the pre-crisis sample,
we cannot reject the null of a unit root in the interest rates at any
conventional significance level with respect to both test statistics. In

15During this program, the Fed sold about $650 billion of short-term securities
and used the proceeds to buy longer-term securities. By extending the average
maturity of its securities portfolio, the Fed aimed to put downward pressure on
longer-term interest rates to ease conditions in financial markets.
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Table 2. Descriptive Statistics of Money Market Rates

LIBOR/
EFFR RPR EDR* CPR

A. January 2, 2001–July 31, 2007

Mean 2.937 2.881 2.999 2.927
St. Dev. 1.660 1.639 1.661 1.662
10th 1.010 0.980 1.058 0.990
50th 2.480 2.440 2.541 2.450
90th 5.250 5.220 5.301 5.250
AC(1) 0.999 0.999 0.999 0.999

B. December 17, 2008–August 28, 2015

Mean 0.129 0.118 0.137 0.107
St. Dev. 0.042 0.068 0.051 0.058
10th 0.080 0.030 0.080 0.040
50th 0.130 0.110 0.130 0.090
90th 0.190 0.210 0.210 0.190
AC(1) 0.954 0.920 0.950 0.958

Notes: Data are daily. Mean standard deviation, and quantiles are reported in per-
cent. AC(1) denotes first-order autocorrelation.
*LIBOR is used for panel A calculations and EDR is used in panel B.

Figure 5. Overnight Money Market Interest Rates:
2008–15

Notes: Data are daily. EFFR and RPR are from FRBNY. EDR is from FRBNY
after March 2010, and from Wrightson ICAP prior to this date. CPR is from the
commercial paper data release of the Federal Reserve Board.
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Table 3. Unit-Root Tests

LIBOR/
EFFR RPR EDR* CPR

A. ADF Test

Pre-crisis −1.24 −1.31 −1.00 −1.02
ELB −3.37 −3.17 −2.82 −2.52

B. ERS Test

Pre-crisis 251.3 275.6 158.2 195.7
ELB 1.2 2.8 2.5 3.4

Notes: ADF is the augmented Dickey and Fuller (1979) test with the 1, 5, and 10
percent critical values of −3.44, −2.87, and −2.57, respectively. ERS is the point-
optimal test of Elliott, Rothenberg, and Stock (1996) with the 1, 5, and 10 percent
critical values of 1.99, 3.26, and 4.48, respectively.
*LIBOR is used for panel A calculations and EDR is used in panel B.

contrast, we reject the null of unit root for all rates in the ELB sam-
ple according to the ADF test statistics, with the exception of CPR,
and for all rates according to the ERS test statistic. Therefore, the
interest rates are well approximated by integrated processes with a
likely common stochastic trend in the pre-crisis sample, reflecting
the fact that this period contains a full monetary policy cycle with
easing early in the period followed by a gradual tightening begin-
ning in 2004. In the ELB period, the rates are persistent but not
integrated against the backdrop of no change in the target federal
funds rate. Our modeling strategy incorporates this difference in rate
dynamics.

4. Models

We specify models that account for co-movement and persistence of
the money market rates as well as time variation in their volatili-
ties and cross-correlations. We also allow for various calendar factors
that likely affect dynamics of rates on specific days. The unit-root
tests suggest that the interest rates are well approximated by inte-
grated processes in the pre-crisis sample while they are persistent but
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stationary during the ELB sample. Therefore, we estimate different
models for the pre-crisis and the ELB period.

The pre-crisis model is a vector error correction (VEC) process
that incorporates the long-run equilibrium relationship of overnight
money market rates. Let yt denote the vector of the interest rates
at time t, that is, yt = (EFFRt,RPRt,LIBORt,CPRt)′ in the pre-
crisis sample. The interest rate dynamics are characterized by the
following VEC model:

Δyt = Adt + βΔTFFRt +
p∑

j=1

ΦjΔyt−j + Θzt−1 + εt, (1)

where dt is a vector of indicator variables for calendar effects, which
we will explain in detail; TFFR is the target federal funds rate; zt

is a vector of error correction terms; and εt is a zero-mean martin-
gale difference vector process, which is possibly heteroskedastic.16

Reflecting the pre-crisis monetary policy operating framework, we
impose the restriction that there are three distinct co-integrating
relationships and that all of them involve EFFR. Formally, we have
zit = y1t − (ci + γiyi+1,t), where i = 1, 2, 3.17

The vector of calendar effects, dt, contains ten indicator vari-
ables to account for reserve maintenance period days: two indicators
for elevated payment days within a month (15th and 25th), two for
financial reporting days (month-end and quarter-end), and a dummy
variable to control for the brief disturbance in money markets caused
by the September 2001 terror attacks. As a result, the model does
not contain a constant vector because it cannot be separately iden-
tified given the set of maintenance period indicators. We set p = 4
based on the Schwarz information criterion.18

There exists a mapping from this VEC system to a VAR that
can be defined for the level of interest rates. This mapping allows

16Alternatively, one can also estimate a VAR for the level of the rates assuming
stationarity, with TFFR on the right-hand side. We find that this alternative spec-
ification yields qualitatively the same results. The full set of results is available
from the authors upon request.

17We obtain nearly identical results when we estimate the number of co-
integrating relationships as well as the co-integration parameters in a less
restricted fashion as in Johansen (1995).

18The total number of parameters to be estimated is equal to 140, which results
in approximately forty-six observations per parameter.
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us to directly compare the results from the pre-crisis period with
those from the ELB period, as the model for the latter sample is a
VAR in levels. Let Ψj for j = 1, . . . , p + 1 denote the autoregres-
sive coefficient matrices in the implied VAR in levels. Then we have
Ψ1 = Φ1+I+ΘΓ, where I is an identity matrix, Γ = (i,−diag{−γ}),
i is a vector of ones, γ is the vector of co-integration slopes given
previously, and diag(.) indicates a diagonal matrix, Ψj = Φj −Φj−1
for j = 2, . . . , p, and Ψp+1 = −Φp.19

For the ELB period, we specify the following VAR model in levels
given the stationary behavior of interest rates in this sample:

yt = Πdt +
p∑

j=1

Ξjyt−j + εt, (2)

where dt is now a 9 × 1 vector that contains month-end, quarter-
end, day-of-week, and elevated payment flow-day indicators.20 Note
that the EDR replaces the LIBOR in this sample, so that yt =
(EFFRt, RPRt, EDRt, CPRt)′. We set p = 3 based on Schwarz
model-selection criteria.21

Both visual investigation and formal testing of the model resid-
uals suggest significant volatility clustering in both sample periods.
Hence, we model volatility dynamics using multivariate GARCH
models. Our modeling strategy closely follows that of Bollerslev
(1990); however, instead of assuming a constant conditional correla-
tion matrix, we allow for different correlation structures on financial
reporting days. Therefore, our specification can be thought of as a
hybrid of the constant correlation model and the dynamic corre-
lation model of Engle (2002), who postulates a fully time-varying
conditional correlation matrix. Let E(εtε

′
t|Ωt−1) = Ht, where Ωt is

the information set at time t; then we can write

Ht = DtRtDt, (3)

19A caveat is that in the pre-crisis model, shocks are permanent due to the
modeling of interest rates as integrated processes.

20Day-of-week indicators replace those for maintenance period days, as the
latter become insignificant amid abundant reserves in the ELB period.

21This model has eighty-four parameters to be estimated, resulting in seventy-
eight observations per parameter.
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where Dt = diag
{√

hit

}
, hit = V ar(εit|Ωt−1), and Rt =

Corr(εt|Ωt−1). The individual variances are modeled via the fol-
lowing GARCH specification:

hit = ωi + τiε
2
i,t−1 + δihi,t−1 + λi,1Im,t + λi,2Iq,t, : i = 1, . . . , 4, (4)

where Im and Iq are month-end and quarter-end indicators, respec-
tively. In this specification, the variance at time t is essentially a
weighted average of its lagged value, the new information at time t−1
that is captured by the most recent squared residual, the long-run
unconditional variance, and the level shifts in volatility on financial
reporting dates. We estimate the GARCH equation under variance
targeting so that ωi is a function of the sample variance of εi,t and the
mean vector of the indicator series. Finally, the correlation matrix
Rt is specified as follows:

Rt = Im,tRm + Iq,tRq + (1 − Im,t − Iq,t)Rn, (5)

where Rm, Rq, and Rn are correlation matrices of GARCH resid-
uals, that is, h

−1/2
it εt, at month-ends, quarter-ends, and all other

days, respectively.

5. Empirical Results

5.1 Co-movement of Rates and Monetary Policy
Transmission

Our estimates for the pre-crisis sample are consistent with the con-
ventional monetary policy implementation framework. As shown in
panel A of table 4, lagged EFFR variables are significant in all
other rate equations, implying that interest rates were adjusting in
response to changes in the policy rate. Moreover, the EFFR was not
responding to the other rates, as indicated by the insignificance of
lagged rates in the first column. As can be seen in panel B, changes
in the target federal funds rate are highly significant in all equa-
tions of the VEC model.22 Other than the EFFR, no other interest

22To save space, we do not report the parameter estimates of ci and γi in the
co-integration equation. These estimates are highly statistically significant and
very close to 0 and −1 in all equations, respectively.
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Table 4. Overnight Money Market Rates before
the Financial Crisis

EFFR RPR LIBOR CPR

A. Autoregressive Terms (Sum)

EFFR 0.947 0.449 0.345 0.521
(0.00) (0.00) (0.00) (0.00)

RPR 0.033 0.694 0.010 0.001
(0.39) (0.00) (0.72) (0.98)

LIBOR 0.016 −0.125 0.546 −0.091
(0.91) (0.41) (0.00) (0.43)

CPR 0.005 −0.021 0.099 0.570
(0.97) (0.92) (0.21) (0.00)

B. Other Variables

ΔTFFR 0.454 0.406 0.337 0.416
(0.00) (0.00) (0.00) (0.00)

15th 5.50 6.04 6.10 7.00
(0.00) (0.00) (0.00) (0.00)

25th 4.33 0.69 0.09 1.14
(0.00) (0.24) (0.75) (0.00)

Month-End 5.33 4.15 7.43 6.20
(0.00) (0.00) (0.00) (0.00)

Quarter-End 5.66 −12.52 17.33 11.17
(0.03) (0.01) (0.00) (0.00)

Notes: Columns represent equations of the models. The sum of autoregressive terms
correspond to ΣΨj in terms of the notation of section 4. p-values based on robust
(HAC) standard errors are reported in parentheses. Calendar effects are in basis
points. Daily sample runs from January 2, 2001, to July 31, 2007.

rate in the system had predictive power for the remaining inter-
est rates. Overall, these results confirm that overnight funding rates
were adjusting in response to policy intervention and dynamics in
the federal funds market. These results are consistent with the view
that the overnight money markets were tightly connected through
the federal funds market in the pre-crisis period.

The estimates from the ELB sample shown in panel A of table 5
paint a different picture. The federal funds and Eurodollar markets
appear to be closely connected, as indicated by the statistical and
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Table 5. Overnight Money Market Rates at the ELB

EFFR RPR EDR CPR

A. Autoregressive Terms (Sum)

EFFR 0.911 0.107 0.223 0.153
(0.00) (0.21) (0.00) (0.02)

RPR 0.032 0.809 0.14 −0.011
(0.00) (0.00) (0.29) (0.47)

EDR −0.024 0.048 0.705 0.000
(0.53) (0.50) (0.00) (1.00)

CPR 0.036 0.054 0.069 0.881
(0.01) (0.14) (0.00) (0.00)

B. Other Variables

15th 0.80 3.29 0.85 0.96
(0.00) (0.00) (0.00) (0.00)

25th −0.26 0.65 −0.08 0.37
(0.01) (0.08) (0.36) (0.05)

Month-End −0.14 3.47 −0.13 0.37
(0.63) (0.00) (0.72) (0.20)

Quarter-End −3.21 −0.41 −5.07 −1.58
(0.00) (0.70) (0.00) (0.03)

Notes: Columns represent equations of the models. The sum of autoregressive terms
correspond to ΣΞj in terms of the notation of section 4. p-values based on robust
(HAC) standard errors are reported in parentheses. Calendar effects are in basis
points. Daily sample runs from December 17, 2008, to August 28, 2015.

economic significance of the EFFR coefficients in the EDR equa-
tion. Similarly, the EFFR is linked to the CPR, which is another key
unsecured rate in the system, although to a lesser extent than the
EDR. These results imply that the EFFR continued to be an anchor
for unsecured rates in the ELB period, although its transmission
weakened relative to pre-crisis norms, especially in the case of the
CPR.

The most dramatic change across the two periods concerns the
transmission from the federal funds to the repo market. The EFFR
no longer predicts RPR movements in the ELB period. This dis-
connect between the two rates that used to move in tandem also
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Table 6. Overnight Money Market Rates before
the ON RRP

EFFR RPR EDR CPR

A. Autoregressive Terms (Sum)

EFFR 0.911 0.112 0.226 0.164
(0.00) (0.26) (0.00) (0.03)

RPR 0.018 0.803 0.002 −0.022
(0.13) (0.00) (0.88) (0.23)

EDR −0.002 0.045 0.739 0.005
(0.97) (0.59) (0.00) (0.94)

CPR 0.028 0.052 0.047 0.880
(0.04) (0.20) (0.01) (0.00)

B. Calendar Effects

15th 1.11 3.93 1.26 1.42
(0.00) (0.00) (0.00) (0.00)

25th −0.29 0.70 0.01 0.54
(0.03) (0.17) (0.94) (0.02)

Month-End 0.79 3.94 1.19 0.71
(0.00) (0.00) (0.00) (0.06)

Quarter-End −3.14 −1.06 −4.29 −2.02
(0.00) (0.45) (0.00) (0.04)

Notes: Columns represent equations of the models. The sum of autoregressive terms
correspond to ΣΞj in the notation of section 4. p-values based on robust (HAC) stan-
dard errors are reported in parentheses. Calendar effects are in basis points. Daily
sample runs from December 17, 2008, to September 20, 2013.

emphasizes the diminished role of banks as arbitrageurs, as discussed
in section 2.1. Overall, we conclude that co-movement of the EFFR
with other rates became noticeably weaker in the ELB sample amid
superabundant reserves, subdued trading, and dominance of IOR
arbitrage trades in the federal funds market.

To assess the effects of the ON RRP facility on money market
dynamics, we now focus solely on the ELB period and estimate VAR
models for the two subsamples separated by the inception of the
ON RRP facility in September 2013. The comparison of the results
summarized in tables 6 and 7 suggests that the ON RRP had two
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Table 7. Overnight Money Market Rates after
the ON RRP

EFFR RPR EDR CPR

A. Autoregressive Terms (Sum)

EFFR 0.823 0.033 0.290 0.333
(0.00) (0.83) (0.06) (0.00)

RPR 0.102 0.813 0.096 0.084
(0.00) (0.00) (0.00) (0.00)

EDR −0.127 0.101 0.416 −0.145
(0.01) (0.42) (0.00) (0.01)

CPR 0.129 0.126 0.113 0.565
(0.04) (0.21) (0.12) (0.00)

B. Calendar Effects

15th −0.02 1.61 −0.18 −0.24
(0.87) (0.00) (0.28) (0.27)

25th −0.08 0.46 −0.22 −0.12
(0.50) (0.17) (0.09) (0.54)

Month-End −2.35 2.42 −3.25 −0.37
(0.00) (0.00) (0.00) (0.15)

Quarter-End −3.41 1.10 −6.80 −1.05
(0.00) (0.37) (0.00) (0.02)

Notes: Columns represent equations of the models. The sum of autoregressive terms
correspond to ΣΞj in the notation of section 4. p-values based on robust (HAC) stan-
dard errors are reported in parentheses. Calendar effects are in basis points. Daily
sample runs from September 23, 2013, to August 28, 2015.

important effects. First, transmission from the EFFR to the other
unsecured rates clearly improved: the sum of lagged EFFR terms
increased from 0.23 to 0.29 in the case of the EDR and from 0.16
and 0.33 in the case of the CPR. Second, the RPR became a sig-
nificant predictor of the EFFR movements, in contrast to the pre-
crisis relationship where RPR was moving in response to changes
in the EFFR. Interestingly, RPR became highly significant in the
EDR and CPR equations, emphasizing the growing importance of
the repo market. Hence, it appears that the ON RRP markedly
improved the overall co-movement of overnight interest rates and
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Figure 6. Day of Maintenance Period Effects on EFFR
during the Pre-crisis Period

Notes: Dots indicate point estimates and horizontal lines mark the boundaries
of the 95 percent confidence bands. M, T, W, R, and F denote days of the week
from Monday to Friday. The subscripts indicate whether the corresponding date
is the first or the second one in the maintenance period.

transmission from the federal funds market to other segments of
unsecured funding markets.

5.2 Reserve Maintenance Period Effects

In figure 6, we report point and interval estimates for the coeffi-
cients of the effects of reserve maintenance days on the EFFR in the
pre-crisis period. Different days of the week had small but econom-
ically meaningful and statistically significant effects on the EFFR.
For example, due to elevated payment flows following weekends, the
EFFR used to be firmer by 1 to 2 basis points on Mondays. By
contrast, funds used to trade softer by a slightly greater magnitude
on Fridays, as banks generally tried to avoid an excess position over
the weekend, during which reserves count for three days toward the
reserve requirement. Tuesdays were also associated with softness due
to reduced demand towards the middle of the week when payment
flows are relatively lighter. These estimates are consistent with those
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of Hamilton (1996), Carpenter and Demiralp (2006), and Judson and
Klee (2010) that were obtained in different empirical frameworks.

In the ELB period, although we cannot statistically reject day-
of-the-week effects in the federal funds market, our estimates (not
reported) imply miniscule effects. When we combine our coeffi-
cient estimates with trading volumes reported by Afonso, Entz, and
LeSueur (2013b), we find that the average day-of-week effect is about
only about 3 percent of its pre-crisis level in dollar terms. Moreover,
when we normalize the estimated effects by the standard deviation
of the EFFR residuals to control for the dramatically different level
of the average EFFR across the two periods, we find that the day-of-
week effect is about 70 percent weaker in the ELB period. Therefore,
given the abundance of reserves and their fairly widespread distri-
bution as reported by Ennis and Wolman (2015), we conclude that
reserve maintenance effects in the federal funds market diminished
substantially.

5.3 Market Dynamics on Financial Reporting Days

The estimated magnitudes of calendar effects are quite different
across the pre-crisis and ELB periods, as is evident from panel B
in tables 4 and 5. However, the average levels of overnight inter-
est rates are also dramatically different across the two samples. To
control for the general level of interest rates and allow for a direct
comparison between the two periods, we normalize the estimates rel-
ative to standard deviations of model residuals from the respective
equation in the VAR system.

Figure 7 shows the normalized estimates for the two main sam-
ples. In the pre-crisis sample, all rates were subject to modest upward
pressure at month-ends, possibly due to heavier payment flows as
well as adjustments to balance sheets related to financial reporting.
Most comprehensive financial reports are produced on a quarterly
basis, so deleveraging by financial intermediaries on quarter-end is
quite common. Indeed, quarter-end effects were more prominent
than month-end effects, with the exception of the EFFR. Rates were
markedly softer in the repo market, likely because of lower financing
demand from dealers managing their leverage. In contrast, it appears
that reduced willingness to lend in unsecured markets on quarter-
ends was the dominant factor leading to higher rates on financial
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Figure 7. Month- and Quarter-End Effects

Notes: Dots indicate point estimates and horizontal lines mark the boundaries
of the 95 percent confidence bands. M and Q denote month-end and quarter-end,
respectively. Effects are normalized with respect to the standard deviations of
model residuals.

reporting days. This pattern is observed especially for LIBOR, likely
reflecting banks’ desire to show strong liquidity positions on their
financial statements and regulatory filings.

Money market dynamics on financial reporting days changed
materially in the ELB sample. First of all, both the EFFR and
the EDR started softening on quarter-ends, reflecting fewer IOR-
arbitrage trades by foreign banks and large domestic banks. Bal-
ance sheet constraints associated with the new FDIC assessment
scheme and Basel III leverage ratio that became prevalent in the
later part of the ELB sample largely explain the reduced borrowing
demand on quarter-ends. Contrary to the case of unsecured rates,
the quarter-end effect became insignificant in the repo market, on
net, likely reflecting a combination of factors. First, earlier in the
ELB period, collateral demand was relatively strong due to flight-
to-quality flows, leading to increased willingness to lend cash at lower
rates in lieu of Treasury collateral. Second, later in the period, as new
regulations were announced and implemented, lower dealer lever-
age and reduced net repo financing reduced the scope of quarter-
end deleveraging effects. Finally, the availability of the ON RRP
as a viable investment, especially on financial reporting dates when
other investment options may be limited, reduced the potential for
sharp falls in the repo rates. In terms of the CPR, cash lenders’
search for alternative investments on quarter-ends amid weaker
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Figure 8. Month- and Quarter-End Effects within
the ELB Period

Notes: Dots indicate point estimates and horizontal lines mark the boundaries
of the 95 percent confidence bands. M and Q denote month-end and quarter-end,
respectively. Effects are normalized with respect to the standard deviations of
model residuals.

demand by bank borrowers appears to have led to a softening in this
rate.

Figure 8 shows the normalized calendar effects on rates through
the ELB period. Both the EFFR and the EDR started to decline
notably at month-ends later in the ELB sample as foreign banks
withdrew from the market for financial reporting purposes. More-
over, downward pressure on these rates at quarter-ends also became
more pronounced, especially for the EDR. This likely reflects the
fact that Eurodollars are a relatively more important source of dol-
lar funding for foreign banks, which are subject to less stringent
implementation of the Basel III leverage ratio. In contrast, quarter-
end effects on CPR have been relatively stable, suggesting limited
spillover effects from the federal funds and Eurodollar markets.
The absence of direct implications on the non-financial commer-
cial paper market also suggests that the leverage ratio requirements
have indeed been the primary driver for unsecured rates on financial
reporting days.

5.4 Volatility and Correlation of Overnight Interest Rates

We now focus on both general and financial-reporting-driven volatil-
ity dynamics across the two main sample periods as well as before
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Table 8. Volatility of Rates

Pre-crisis ELB

EFFR RPR LIBOR CPR EFFR RPR EDR CPR

σε 5.64 5.91 3.94 4.30 1.05 2.38 1.22 1.51
τ 0.116 0.306 0.450 0.316 0.253 0.231 0.440 0.414

(0.01) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
δ 0.839 0.173 0.180 0.171 0.396 0.385 0.240 0.282

(0.00) (0.11) (0.03) (0.01) (0.05) (0.00) (0.00) (0.00)

Notes: p-values based on robust standard errors are reported in parentheses. σε are
reported in basis points.

and after the inception of the ON RRP facility. The parameter esti-
mates of the volatility models for the pre-crisis and ELB samples are
shown in table 8. As expected, volatility of all rates declined sub-
stantially at the ELB in absolute terms. For example, the volatility
of innovations in the EFFR equation declined from 5.6 basis points
to only about 1 basis point. Meanwhile, the volatility process for
the EFFR has become notably less persistent, as captured by the
decline in the sum of GARCH parameters (τ + δ), and more respon-
sive to shocks, as measured by the increase in the coefficient of the
squared innovation (τ). Therefore, aside from calendar effects, which
will be discussed in more detail below, volatility clustering in the
EFFR became prevalent amid subdued trading activity in the federal
funds market. Meanwhile, the volatility of the repo rate has become
somewhat more persistent, with a slight increase in sensitivity to
shocks.

Figure 9 shows the estimated month-end and quarter-end effects
on volatilities in the pre-crisis and the ELB samples.23 As before,
estimates are normalized by dividing by the standard deviations
of residuals to allow for direct comparison across the two periods.
Prior to the crisis, similar to the calendar effects in the conditional
mean models, quarter-ends had larger effects on rate volatilities

23The confidence bands that are based on asymptotic normal distribution are
asymmetric, as they are estimated in the variance space and then converted to
standard deviations.



198 International Journal of Central Banking October 2019

Figure 9. Month- and Quarter-End Effects on Volatility

Notes: Dots indicate point estimates and horizontal lines mark the boundaries
of the 95 percent confidence bands. M and Q denote month-end and quarter-end,
respectively. Effects are normalized with respect to the standard deviations of
model residuals.

Table 9. Volatility of Rates within the ELB Period

Before ON RRP After ON RRP

EFFR RPR EDR CPR EFFR RPR EDR CPR

σε 1.11 2.65 1.27 1.67 0.73 1.40 0.79 0.83
τ 0.212 0.159 0.365 0.383 0.189 0.315 0.458 0.158

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.02)
δ 0.561 0.327 0.368 0.281 0.191 0.465 0.146 0.681

(0.00) (0.00) (0.00) (0.00) (0.02) (0.01) (0.00) (0.00)

Notes: p-values based on robust standard errors are reported in parentheses. σε are
reported in basis points.

than month-ends. Most notably, RPR exhibited substantial volatil-
ity clustering with two to five times higher volatility on quarter-ends
than other times. In the ELB period, quarter-end volatility in the
RPR moderated significantly, while becoming higher in the case of
the EFFR.

Consistent with the soft floor set by the ON RRP facility, volatil-
ity of the overnight interest rates declined 35 to 50 percent in the
second half of the ELB sample, as shown in table 9. Moreover, the
estimated parameters indicate a substantial reduction in volatility
clustering of the RPR, mainly led by a dramatic decline in the calen-
dar effects (table 9 and figure 10). Figure 11 illustrates this striking
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Figure 10. Month- and Quarter-End Effects on Volatility
with the ELB Period

Notes: Dots indicate point estimates and horizontal lines mark the boundaries
of the 95 percent confidence bands. M and Q denote month-end and quarter-end,
respectively. Effects are normalized with respect to the standard deviations of
model residuals.

Figure 11. Repo Rate Volatility and ON RRP

change in the volatility of RPR following the inception of the ON
RRP.24 Elevated-volatility episodes in the fall of 2013 are related
to the Treasury’s debt limit impasse and government shutdown. We
also observe that calendar effects on RPR volatility largely dimin-
ished, likely reflecting the fact that the facility rate limiting the

24One caveat in these estimates is that the unconditional variances of the
GARCH specifications are anchored to the corresponding sample variances.
Therefore, the level shift after the ON RRP inception reflects the average effect
across the two ELB subsamples.
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Table 10. Correlations of VAR Residuals

Pre-crisis ELB

RPR LIBOR CPR RPR EDR CPR

Normal Times 0.490 0.586 0.614 0.457 0.545 0.373
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Month-End 0.421 0.246 0.341 0.301 0.879 0.395
(0.04) (0.47) (0.22) (0.19) (0.00) (0.37)

Quarter-End 0.348 0.334 0.362 −0.056 0.564 0.360
(0.30) (0.23) (0.32) (1.00) (0.03) (0.29)

Notes: Correlations with EFFR. p-values based on robust standard errors are
reported in parentheses.

potential for sharp falls in rates on financial reporting dates when
investment options are limited for cash lenders in the repo market.

Similar to the case of the RPR, the quarter-end effect on the
CPR also became insignificant in the second half of the ELB sam-
ple. In contrast, month-end and quarter-end effects became more
pronounced for other unsecured rates, mainly due to the pronounced
pullback from the federal funds and Eurodollar markets driven by
the Basel III regulations.

Correlation structure of VAR innovations provides further
insights into the co-movement of overnight interest rates. Table 10
reports estimates for the pre-crisis and ELB samples from the mul-
tivariate GARCH framework. Interestingly, the correlations of the
EFFR residuals with those of the other three rates during normal
times are fairly close across the two main samples. Hence, it appears
that factors exogenous to the dynamic system of these rates, such
as Treasury debt issuance and related liquidity effects, continued
to operate in a similar fashion, on net. We also compare correla-
tions within the ELB sample and report the results in table 11.
Although reliable comparisons are not possible in some cases
given the limited number of month-end and quarter-end observa-
tions in the ELB subsamples, it appears that the correlation of
EFFR and RRP innovations declined over time. Meanwhile, the
EFFR innovations became more strongly correlated with those
of the EDR. This increased correlation is more pronounced on
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Table 11. Correlations of VAR Residuals
within the ELB Period

Before ON RRP After ON RRP

RPR EDR CPR RPR EDR CPR

Normal Times 0.502 0.546 0.413 0.128 0.612 0.173
(0.00) (0.00) (0.00) (0.16) (0.00) (0.07)

Month-End 0.395 0.596 0.104 −0.291 0.854 0.039
(0.17) (0.05) (0.63) (1.00) (0.00) (0.90)

Quarter-End 0.032 0.595 0.358 −0.489 0.356 0.334
(0.95) (0.05) (0.34) (1.00) (0.59) (0.51)

Notes: Correlations with EFFR. p-values based on robust standard errors are
reported in parentheses.

month-ends, likely reflecting the effects of the Basel III leverage ratio
requirements.

6. Conclusion

We analyze changing dynamics of overnight money markets in the
wake of the global financial crisis and the resulting policy response.
To that end, we model long-run and short-run dynamics of a set
of key money market rates as well as their interrelations in a mul-
tivariate framework. We analyze the effects of changing monetary
and regulatory policy that evolved in the aftermath of the crisis on
money markets.

We find that co-movement of money market rates weakened in
the ELB period compared with the historical norms. Although the
federal funds rate continued to provide an anchor for unsecured
overnight interest rates, its transmission to the repo market was
hampered. Moreover, the day-of-week effects on the federal funds
rate have substantially diminished, reflecting the abundance of bank
reserves and their fairly widespread distribution.

New banking regulations and the Fed’s ON RRP facility
introduced in 2013 have further transformed the money markets.
Movements in unsecured short-term funding costs around financial
reporting days have been exacerbated by increased costs of large



202 International Journal of Central Banking October 2019

balance sheets in the new regulatory environment. Consistent with
the intended effect of the ON RRP to set a soft floor for overnight
funding rates, interest rate co-movement improved and rate volatil-
ities, especially in the repo market, substantially declined after the
ON RRP operations started. Moreover, calendar effects in the repo
market largely disappeared, reflecting diminished potential for drops
in rates, as well as the availability of reverse repos with the Fed as a
viable investment option around financial reporting days when other
alternatives are limited.
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We use a proprietary data set on credit unions from the
United Kingdom to develop an early-warning model of credit
union failure. We find that a small set of financial attrib-
utes related to capital adequacy, asset quality, earnings per-
formance, and liquidity, augmented with unemployment rates,
reliably identifies failures within one year. Our results sup-
port the existing literature which, to date, has largely relied
on data from the United States. This work therefore provides
further evidence for establishing early-warning criteria for use
by international regulators.

JEL Codes: G21, G28, G38.

1. Introduction

Credit unions provide an important source of credit and an avenue
for saving in many countries around the world. At the end of 2016,
over 68,000 credit unions located in 109 countries were serving 235
million people, or roughly 15 percent of economically active adults
worldwide.1 Since the mid-1990s, the global reach of these institu-
tions has more than doubled and their assets have increased almost
fourfold to $1.8 trillion (roughly 2 percent of world GDP). The

∗The views expressed in this paper are those of the authors, and not neces-
sarily those of the Bank of England or its committees. We are grateful to Marty
Bonus, Stephen Dickinson, Chris Donald, Marcela Hashim, Sujit Kapadia, Luc
Laeven, Katharine Neiss, Rhiannon Sowerbutts, and an anonymous referee as
well as participants at the Bank of England’s One Bank Research Seminar and
Research Away Day for helpful comments. All remaining errors are ours.

1See World Council of Credit Unions Statistical Reports (available at
http://www.woccu.org).
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presence of credit unions is even more pronounced in several coun-
tries, including Ireland, Canada, and the United States, where these
institutions reach more than a half of economically active adults.

In many countries, credit unions operate in rural or regional
markets where access to traditional banks is more limited, thereby
supporting economic activity that would otherwise go unfunded.
Research has also shown that the presence of these institutions in
general has implications for the real economy. For example, their
presence leads commercial banks to offer higher rates on retail
deposits (e.g., Hannan 2002) and lower rates on consumer loans
(e.g., Feinberg 2003). These studies support the view that competi-
tion from credit unions can have direct benefits for consumers and
the economy more broadly.2 Therefore, their failure can have adverse
effects not only on small, local pockets within a country but also on
the wider economy to the extent that such failures affect competi-
tion. Understanding the early-warning signs of failure can therefore
be important for regulators to avoid detrimental economic effects.

The literature examining the determinants of failure in the com-
mercial banking sector is relatively widespread.3 However, there is
much less work on this issue for the credit union sector, especially
outside the United States. One reason for this is because credit union
failures in other countries are relatively rare.4 Another explanation
is that credit unions are less exposed to business cycle swings and

2Feinberg and Meade (2017) estimate the value of these direct benefits at $16
billion per year for the United States. Using a full general equilibrium analy-
sis, they quantify the annual loss to GDP ($14.2 billion) and jobs (88,000) that
result from a material (50 percent) reduction in the number of credit unions and
competitive pressure on market rates that ensues. Their results have implica-
tions for understanding the economic impacts from a decline in credit unions and
the merits of policies directed at fostering competition in banking markets more
widely.

3Indeed, the large number of failures that occurred in the United States during
the banking crisis in the late 1980s and early 1990s spawned an extensive body
of work on the determinants of bank failure (e.g., Demirguc-Kunt 1989; Whalen
1991; Cole, Cornyn, and Gunther 1995; Cole and Gunther 1995; Sahajwala and
Van den Bergh 2000; Wheelock and Wilson 2000). Studies investigating the deter-
minants of bank failure during the 2007–09 financial crisis confirm that many of
the factors explaining failure in the earlier crisis also contributed to failure in the
more recent crisis (e.g., see Cole and White 2012).

4Rather than let credit unions fail, most jurisdictions have tended to transfer
troubled credit unions to healthier ones (e.g., Jones 2010; McKillop, Ward, and
Wilson 2011).
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are better able to withstand shocks to their balance sheets (e.g.,
Smith and Woodbury 2010).5

Using regulatory data on credit unions in the United Kingdom,
we investigate the determinants of failure within the U.K. credit
union sector, which, to our knowledge, has not been examined pre-
viously. We adopt the framework employed in many of the aforemen-
tioned studies on commercial bank failure and use CAMEL factors
(capital adequacy, asset quality, management, earnings performance,
and liquidity) to develop an early-warning model of credit unions
that failed between 2003 and 2015. Recent studies evaluating distress
in mutually owned institutions, analogous to U.K. credit unions,
employ similar techniques and find that CAMEL factors are helpful
in identifying trouble early (Fiordelisi and Mare 2013; Francis 2014;
Mare 2015). While our analysis focuses on the United Kingdom, it
has implications for supervisory oversight in other countries where
credit unions have a material presence, such as Australia, Canada,
and Ireland.6

Despite playing a smaller role than traditional banking insti-
tutions in providing credit and deposit services, U.K. credit unions
remain firmly on the radar of prudential supervisors given the impor-
tant role they play in supporting local economies.7 They do this
mainly by supplying credit to consumers who typically find it diffi-
cult to borrow from traditional financial institutions, thus fostering
economic activity that might otherwise go unfunded (Jones 2016).8

5On the other hand, in the United States, where credit union failures have
been more common, studies find that both macroeconomic and firm-specific fac-
tors have contributed to the demise of several thousand federally insured credit
unions (e.g., see Wilcox 2005, 2007). These studies also show that the failure
rates and the underlying drivers for these institutions’ demise were not dissimilar
to those for small, federally insured commercial banks in the United States.

6At the end of 2016, credit unions in Australia, Canada, and Ireland were
serving approximately 20 percent, 50 percent, and 75 percent of economically
active adults, respectively. See the World Council of Credit Unions 2016 Sta-
tistical Report (available at http://www.woccu.org/documents/2016 Statistical
Report).

7The Bank of England’s Prudential Regulation Authority (PRA) supervises
roughly 500 credit unions with close to two million members and £3 billion in
assets. Monitoring the health of individual credit unions and the sector overall
is part of the PRA’s overall remit and is consistent with its primary safety and
soundness objective.

8As discussed below, U.K. credit unions are also restricted as to the amount
and duration of loans they can make to one borrower. This means that the vast
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In the United Kingdom the credit union sector continues to garner
attention in light of government efforts to widen financial inclusion
and promote effective competition in the banking sector (e.g., see
Hope 2010; Jones 2016), further motivating our U.K. focus.

Our paper evaluates the characteristics of failed credit unions one
year prior to their demise.9 To define credit union failure, we use a
data set on institutions that have been referred to the U.K. Financial
Services Compensation Scheme (FSCS) for depositor payout as part
of the formal administration process.10 We combine this information
with annual regulatory report data to create a comprehensive data-
base of credit union failures and financial statement information
covering Great Britain and Northern Ireland for the period 2002
to 2015. We supplement this data set with unemployment rates to
examine their contribution to credit union condition.

Consistent with the bank failure literature, we find that a small
set of financial attributes related to capital adequacy, asset qual-
ity, earnings performance, and liquidity is significant in explaining
credit union failure. Our analysis highlights the relative importance
of each feature in explaining credit union failure. While capital ade-
quacy plays a prominent role, our contribution is that we also show
that the other factors, including the proportion of unsecured loans
as well as national and regional unemployment rates, are important
for characterizing failure. Out-of-sample performance results indi-
cate that this parsimonious set of firm-level characteristics, along
with unemployment measures, classifies failures reliably while keep-
ing false positive (type II) error rates at modest levels. Overall, these

majority make only small consumer loans and not residential mortgages, which
have historically been a particular source of risk in the commercial banking sector
(e.g., Antoniadis 2017).

9Our focus on a one-year forecast horizon is consistent with standard practices
in modeling default, including the standards in the Basel Capital Accord, and
therefore may be of more interest to international supervisors. We also describe
results of longer-term (two- and three-year) models below in our robustness
checks.

10Defining failures based on FSCS referrals helps overcome potential endogene-
ity problems that can arise when failure events are proxied by financial measures,
such as a fall in capital ratios or the incurrence of a material loss. Section 3 pro-
vides more background on the FSCS referral process and its relationship with
credit union insolvency.
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results highlight the significance of other sources of risk in addi-
tion to capital adequacy that should be considered when developing
early-warning criteria for credit union soundness.

The remainder of this paper proceeds as follows. Section 2 pro-
vides basic background on the credit union sector in the United
Kingdom. Section 3 describes our data set, empirical approach,
and framework for evaluating model performance. Section 4 dis-
cusses results, while section 5 reviews model performance. Section 6
concludes.

2. Background on U.K. Credit Unions

Credit unions are not-for-profit financial cooperatives, established
to meet the economic and social goals of their members. Due to
charter restrictions, they do not conduct business with the general
public, but instead serve a group of people characterized by a com-
mon bond, e.g., belonging to a particular community or sharing the
same employer. For these reasons, they are usually concentrated geo-
graphically and their members’ payment capacities can be subject
to local economic conditions.

Credit unions provide savings products and, in general, small
consumer-oriented loans. They are subject to stringent lending
restrictions on the amounts that they can lend and the periods of
such loans, which means that less than 5 percent of all credit unions
in the United Kingdom can make residential real estate loans.11

Importantly, they are also not subject to the same market pres-
sures for growth and earnings performance as for-profit financial
institutions. Nevertheless, they still face pressures from regulatory

11In particular, small, version 1 credit unions (i.e., those with capital under £1
million and less than 3,000 members), which comprise over 95 percent of the U.K.
credit union sector, cannot lend to any one member more than £15,000 in excess
of the member’s deposit and cannot lend for a period of more than five years
where unsecured and ten years where secured. All other credit unions, known as
version 2 credit unions, cannot lend for a period of more than ten years where
unsecured and twenty-five years where secured. In addition, these institutions
cannot have exposure to any one member of more than £15,000 in excess of that
member’s deposit or an amount equal to 1.5 percent of capital in excess of that
member’s shares, whichever is greater. These limitations mean that only version
2 credit unions have the ability to make residential mortgage loans.
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requirements to maintain minimum levels of capital and liquidity.12

If a credit union breaches such minimums, it is required to undertake
corrective actions or can be subject to more supervisory intervention,
including closure.

3. Data and Empirical Approach

We use annual data (spanning 2002 to 2015) from credit unions’ reg-
ulatory submissions to the U.K. Financial Services Authority (FSA)
(from 2002 to 2013) and Prudential Regulation Authority (PRA)
(since 2013). These submissions include details on a credit union’s
assets and liabilities, profit and loss, solvency, and liquidity posi-
tions. The data set is an unbalanced panel containing roughly 6,600
firm-year observations covering information on all credit unions in
Great Britain for the years 2002 to 2014 and Northern Ireland for
the years 2012 to 2014.

Figure 1 shows that, from 2002 to 2012, the number of credit
unions in Great Britain (GB) declined from almost 600 to less than
400 due to mergers with other credit unions and, to a lesser extent,
several failures (defined below). The number of credit unions jumped
to more than 500 in 2012 as the scope of the U.K. supervisor’s
oversight expanded to include institutions in Northern Ireland (NI).
Figure 2 shows that with the inclusion of NI credit unions, the assets
of U.K.-supervised credit unions increased fivefold from less than
£0.5 billion in 2002 to more than £2.5 billion at the end of 2014.

We define credit union failure to be the event when an institu-
tion was referred to the FSCS for depositor payout. FSCS protection
was first extended to U.K. credit unions in 2002 when regulation of
the sector was completely transferred from the Registry of Friendly

12For example, starting in 2013, small, version 1 credit unions (with fewer than
5,000 members and assets under £5 million) were required to maintain capital of
at least 3 percent of total assets. This increased to 5 percent for large, version 1
institutions (with members from 5,000 to 10,000 and with assets of between £5
and £10 million). All other (version 2) credit unions were subject to an 8 per-
cent risk-adjusted capital to total asset requirement, where risk-adjusted capital
equaled capital plus provision for bad and doubtful debt less the specific provi-
sion for bad and doubtful debt. Credit unions were required to hold a liquidity
ratio of at least 10 percent at all times.
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Figure 1. Number of Credit Unions

Source: Bank of England.

Figure 2. Size of the U.K. Credit Union Sector

Source: Bank of England.
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Societies to the FSA. The process of referring a credit union to the
FSCS depends on two conditions being met: (i) the credit union
must be insolvent (i.e., it reports a capital deficit) and (ii) the credit
union has no realistic plan in place to rectify this situation in a
timely manner.

Under these circumstances, the only option available is a winding
up, which requires an insolvent credit union to appoint an insol-
vency practitioner to assist with the sale of assets and settle credi-
tors’ claims. Once this occurs, regulatory actions are taken to adjust
the troubled credit union’s permissible deposit-taking and lending
activities and to restrict its ability to make any distributions. These
measures help prevent capital deficiency from increasing and ulti-
mately protect existing members and the FSCS. Within ten days
of appointing an insolvency practitioner, the credit union must reg-
ister this appointment with the Court, which then issues an offi-
cial winding-up order, triggering FSCS referral by the PRA (FSA
prior to 2013). Because the time between insolvency and referral is
short and since the practices have remained unchanged since 2002,
we believe that using FSCS referral consistently captures the tim-
ing and occurrence of failure relatively well over our sample period.
Using this strategy, we identified eighty-five failures, although only
sixty-eight are included in our data set due to a lack of correspond-
ing regulatory return information for seventeen institutions. Table 1
reports the annual failure rates from 2003 to 2015, which averaged
around 1 percent but varied considerably, peaking in the two years
in the immediate aftermath of the crisis.13

3.1 Explanatory Variables

Table 2 summarizes our candidate CAMEL variables and the
expected association with failure. To gauge capital adequacy, we
include a simple capital ratio—equal to total capital as a percentage

13We also find that no one region stood out as contributing disproportion-
ately to firm failure. The distribution of failures across the United Kingdom was
as follows (with percentage of total in parentheses): Greater London: 5 (7%);
East Midlands: 5 (7%); Eastern England: 2 (3%); Northeast: 5 (7%); Northwest:
7 (10%); Northern Ireland: 1 (1%); Scotland: 7 (10%); Southeast: 2 (3%); South-
west: 6 (9%); Wales: 4 (6%); West Midlands: 9 (13%); Yorkshire and the Humber:
6 (9%); not assigned: 9 (13%). Total: 68 (100%).
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Table 1. Credit Union Failures (2003 to 2015)

Total Credit Failure
Year Unions Failuresa Rateb

2003 625 3 0.48%
2004 584 1 0.17%
2005 543 1 0.18%
2006 532 5 0.94%
2007 512 8 1.56%
2008 497 6 1.21%
2009 468 6 1.28%
2010 452 10 2.21%
2011 428 8 1.87%
2012 405 6 1.48%
2013 518 6 1.16%
2014 514 2 0.39%
2015 514 6 1.17%

Total 6,592 68 1.03%

Sources: Bank of England and authors’ calculations.
aInstitutions referred to the FSCS.
bNumber of failures divided by total number of credit unions.

of total assets—which is analogous to the leverage ratio for banks.
The intuition for its use is that lower capital ratios make insti-
tutions more vulnerable to shocks, since they have lower capacity
to absorb unexpected loan losses or material declines in asset val-
ues. We expect this measure to be negatively associated with the
probability of default.

With respect to asset quality, we evaluate four variables. First,
we examine the proportion of loans that are in arrears. The arrears
rate measures the quality of a firm’s existing loan book, with a higher
arrears rate indicating potential losses on these loans. We use two
distinct ratios: one based on loans between three and twelve months
in arrears and another based on loans more than twelve months in
arrears. Second, we use the ratio of provisions to loans to capture
credit unions’ own assessments of losses embedded in their loan port-
folios. Third, we consider the ratio of unsecured loans to total assets
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as a proxy for credit risk exposure overall.14 A higher ratio suggests
relatively greater credit risk. We expect these three proxies for asset
quality to be positively associated with the likelihood of failure. As
a fourth proxy for asset quality, we considered loan loss provisions
as a percentage of arrears. The relationship between this measure
and failure is ambiguous. On the one hand, a relatively high cover-
age ratio may imply that credit unions have more than adequately
provided for losses embedded in past-due loans. If that is the case,
then we would expect the relationship with failure likelihood to be
negative. If, on the other hand, higher coverage ratios imply a dete-
rioration in asset quality overall, then we might expect to find a
positive association with the likelihood of failure.

We use five different measures to capture the third CAMEL vari-
able, management quality. We use credit union size (measured by the
natural log of total assets), and two measures of efficiency, approxi-
mated by the ratio of total costs to total revenue (income) and the
ratio of total administrative expenses to total assets. We expect size
to be inversely correlated with probability of failure based on the idea
that larger credit unions may be better diversified across borrowers
and geographic location. We expect the two efficiency ratios to be
positively associated with failure, with higher (lower) values of these
indicators suggesting worse (better) managerial quality. Finally, we
include a credit union’s number of members and of paid staff as
additional proxies for management quality.

Prior research has found that measures of earnings performance
are useful in explaining bank failure. To measure earnings perfor-
mance, we use the ratio of after-tax net income to total assets for our
fourth CAMEL proxy. We expect a negative relationship between
this ratio and failure.

Finally, for our fifth CAMEL indicator, liquidity, we consider the
standard liquidity ratio, defined as liquid assets to total liabilities
(see table 2 for definition) and the ratio of loans to deposits. The
expected effect of the standard liquidity ratio on failure is, ex ante,
ambiguous. On the one hand, it could be inversely associated with
the likelihood of failure to the extent that liquid assets provide a
useful secondary source of liquidity that credit unions can use to

14Regulatory data limitations prevent a finer breakdown of the loan portfolio
by type.
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Table 3. Summary Statisticsa

Std.
Variables Obs. Mean Dev. Min. Max.

Size (Log of Total Assets) 6,601 12.89 1.67 4.46 18.71
Capital Ratio (%) 6,591 8.74 8.17 −11.36 48.01
Arrears 3–12 Monthsb (%) 6,448 9.65 14.33 0.00 97.24
Arrears over 12 Monthsb (%) 6,486 7.49 14.24 0.00 85.71
Unsecured Loansc (%) 6,306 41.51 24.81 2.59 100.39
Provision Coverage (%) 5,557 179.16 297.13 36.28 2,200.00
Cost-to-Income Ratio (%) 6,601 82.84 33.73 16.31 230.68
Admin. Expense (%) 6,601 6.82 10.08 0.00 60.43
Membership (000’s) 6,578 1.76 13.49 0.00 1,069.79
Full-Time Staff 6,607 2.92 9.87 0.00 663.00
Return on Assets (%) 6,601 1.61 3.47 −13.29 13.27
Liquidity Ratio (%) 6,564 77.07 63.00 6.70 501.99
Loans-to-Deposits Ratio (%) 6,560 68.56 28.35 10.93 159.83
National Unemployment Rate 6,601 6.18 1.27 4.80 8.10
Regional Unemployment Rate 6,018 6.31 1.56 3.40 10.60

aBank-level characteristics based on measures winsorized at the 1st and 99th
percentiles.
bPercentage of total net loans to members.
cPercentage of total assets.

satisfy unexpected liquidity needs. On the other hand, inefficiencies
may arise from holding higher proportions of liquid assets, which
could weigh on earnings performance and subsequently contribute
to the likelihood of failure. Regarding our second measure, the ratio
of loans to deposits, while a higher ratio implies a potentially less
liquid balance sheet, it could indicate a more efficient use of funding,
which could improve earnings and capital. As a result, the expected
impact on failure is also, ex ante, ambiguous.

3.2 Descriptive Statistics

Table 3 reports summary statistics on our CAMEL variables, while
table 4 reports mean equality tests between failures and sur-
vivors from a simple univariate analysis for our main candidate
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variables.15 The tests suggest that failed credit unions are gener-
ally smaller, less well capitalized, and less profitable. They also tend
to have weaker asset quality (as reflected by higher arrears rates,
loan loss provisions, and unsecured loans), poorer management effi-
ciency ratios (i.e., higher cost-to-income ratios), and weaker liquidity
positions (higher loan-to-deposit ratios).

3.3 Modeling Failure

Following Shumway (2001), we model failure using a multi-period
logit model. Since we are interested in whether the CAMEL vari-
ables help anticipate failure regardless of firm or time period, we
pool the data across firms and over years. This approach allows
for time variation in the explanatory variables and treats a credit
union’s condition as a function of its latest financial measures (as
derived from annual regulatory returns).16 The probability of credit
union failure over the next year is equal to

P (Yi,t = 1|Xi,j,t−1) =
1

1 + exp(−β0 +
∑J

j=1 βjXi,j,t−1)
, (1)

where Yi,t is an indicator variable equal to one if credit union i fails
(i.e., referred to the FSCS for payout) in year t and equal to zero
if the credit union remains active. The term in the denominator on
the right-hand side,

∑J
j=1 βjXi,j,t−1, represents a linear combina-

tion of our j explanatory variables, which, discussed below, includes
CAMEL factors lagged by one year. For early-warning use, this spec-
ification helps to understand what factors differentiate failed from
successful credit unions and how their state changes in the run-up
to FSCS referral.17

15We winsorized all bank-level variables at the 1st and 99th percentiles to
mitigate the influence of extreme outliers.

16 Poghosyan and Cihak (2011) employ a similar approach to examine the
determinants of bank distress in Europe, while Cole and Wu (2009) extend this
approach to investigate factors explaining U.S. commercial bank failures during
the banking crisis of the late 1980s and early 1990s.

17Our baseline model employs explanatory variables lagged one year. As a
robustness check (discussed below), we also tested specifications with two- and
three-year lags. The tests produced results that were broadly similar but weaker
in terms of statistical significance, indicating that the predictive power of these
models diminishes as the horizon over which failures are predicted increases.
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Table 5. Classification Matrix

Signal Issued Forecasted
One Year Event

Actual Failure Event Y i,t

Prior (at time t–1) F i,t−1 Failure Non-failure

Yes (F i,t−1 = 1) Failure True Positive (TP) False Positive (FP)
No (F i,t−1 = 0) Non-failure False Negative (FN) True Negative (TN)

To estimate this equation, we consider the possibility that indi-
vidual credit union observations may be correlated across time and
that the errors across institutions may not be identically distributed.
Ignoring this possibility would lead to downward-biased estimates of
standard errors of the coefficients. To deal with this issue, we use
logistic models that are robust to clustering of errors at the firm
level.

3.4 Evaluating Model Performance for Supervisory Use

To evaluate our failure models and the potential tradeoffs in the con-
text of early-warning systems, we rely on the standard type I versus
type II error tradeoff approach used in the banking literature (e.g.,
Poghosyan and Cihak 2011; Aikman et al. 2014; Betz et al. 2014).
This involved choosing a threshold probability, π ∈ [0, 1], above
which our model issues a “signal,” warning that a credit union is
vulnerable and at risk of failure. To facilitate evaluation of such
signals, we transform the probability of failure that derives from
our logistic model based on data reported at period t−1, pi,t−1, into
another binary variable Fi,t−1 that equals one if pi,t−1 exceeds π and
zero otherwise. The association between the forecast (signal) Fi,t−1
and the actual failure, as represented by Yi,t, can be summarized
using a classification matrix as set out in table 5.

In our case, a type I error occurs when our model fails to clas-
sify a credit union failure correctly, i.e., the model does not issue a
warning signal when a failure is imminent. A type II error results
when a healthy credit union is mistakenly forecast to fail. Relating
this to the classification matrix above, type I errors are calculated
as T1 = FN/(TP+FN), and type II errors as T2 = FP/(FP+TN).
To compare and contrast model performance, we use measures from
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receiver operating characteristic (ROC) curves and the area under
the ROC curve (AUROC). The ROC curve plots, for the complete
range of threshold probabilities π ∈ [0, 1], the conditional probability
of positives to the conditional probability of negatives:

ROC =
PR (Yi,t = 1|Fi,t−1 = 1)

1 − PR (Yi,t = 0|Fi,t−1 = 0)
, (2)

where Yi,t and Fi,t−1 are as defined above. In this regard, the ROC
curve shows the tradeoff between the benefits (i.e., avoiding the costs
that derive from missing a failed credit union) and the costs from
misclassifying too many healthy firms: the higher the AUROC, the
better the model.

4. Results

To establish our baseline results, we ran a series of specifications
involving CAMEL variables. Table 6 presents the results of mod-
els employing CAMEL components separately (models 1–5) and our
preferred baseline model (model 6) including measures capturing
all five CAMEL factors. The results of the component models are
consistent with expectations and generally show that each aspect,
when included separately, is statistically significant in explaining
failure. Asset size (model 1), capitalization (model 2), and earn-
ings (model 4) are negatively associated with the probability of fail-
ure, which accords with findings from bank failure research (e.g.,
Cole, Cornyn, and Gunther 1995; Cole and Wu 2009; Poghosyan
and Cihak 2011).18 The positive signs on the arrears rates and the
proportion of unsecured loans (model 3) imply that the likelihood
of failure increases as asset quality deteriorates. The positive sign
on the loan-to-deposit ratio (model 5) suggests that the likelihood
of failure increases as liquidity risk increases.

18We also found that the cost-to-income ratio was positively associated with
the probability of failure, suggesting that credit unions with less-efficient man-
agement teams (as measured by a higher cost-to-income ratio) are more likely to
fail sometime in the upcoming year. We excluded this variable from our baseline
specification due to the high correlation (see table 9 in the appendix) with our
earnings measure, ROA, to mitigate issues with multicollinearity. This was also
true with respect to the provision coverage ratio, which is highly correlated with
the arrears measures included in the preferred specification.
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The baseline model (model 6) includes all five CAMEL com-
ponents and shows that the signs on the coefficients are in line
with expectations. It also shows that including all CAMEL elements
improves the fit and in-sample classification power of the model. Our
pseudo R-squared for the baseline model increases from, on aver-
age, 0.06 (across models 1–5) to 0.18, which is comparable with the
fit of similar models in the bank failure literature (e.g., Cole and
White 2012; De Young and Torna 2012; Antoniades 2017). The area
under the ROC curve shows that the classification of failures and
survivors improves when using all five versus employing just one of
the CAMEL aspects. Overall, the results suggest CAMEL factors
together are useful in characterizing future failures.

Previous literature shows that macroeconomic conditions may be
important drivers of banking crises (e.g., Beck, Demirguc-Kunt, and
Levine 2006; Cihak and Schaeck 2007) and individual bank failures
(e.g., De Young and Torna 2012). Lower rates of unemployment,
for example, can be associated with a less volatile macroeconomic
environment and, in turn, a lower likelihood of bank-level failure.
To test if macroeconomic conditions affect the viability of credit
unions, we include national and regional unemployment rates as
additional controls. Table 7 reports the results of including these
additional controls. Model 6A shows that the lagged national unem-
ployment rate is positively correlated with failure. Indeed, the
inclusion of national unemployment improves the in-sample fit of
the baseline model as suggested by increases in the pseudo R-
squared measures and the area under the ROC curve for each
model.

Credit union failure may also be sensitive to regional indicators,
given the lack of diversification of its membership. Model 6B shows
that regional unemployment is positively associated with the likeli-
hood of failure. The results also indicate that the fit of the baseline
models improves with the inclusion of regional unemployment.19

19Comparisons of Akaike information criterion (AIC) and Bayesian informa-
tion criterion (BIC) measures across each of the models also confirm that the
inclusion of unemployment measures is especially helpful in improving in-sample
fit. Both measures for all models that include unemployment rates are lower than
those for the corresponding baseline model.
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Table 7. One-Year Baseline Failure Model Augmented
with National and Regional Unemployment Rates

Model 6 Model 6A Model 6B
One-Year National Regional

Variables Baseline Unemployment Unemployment

Size −0.3027∗∗ −0.5340∗∗∗ −0.3764∗∗

(0.1535) (0.1567) (0.1522)
Capital Ratio −0.0948∗∗ −0.1073∗∗∗ −0.1197∗∗∗

(0.0390) (0.0352) (0.0389)
Arrears > 12 Months 0.0141∗∗ 0.0099 0.0101

(0.0065) (0.0064) (0.0072)
Unsecured Loans 0.0218∗∗∗ 0.0245∗∗∗ 0.0167∗∗

(0.0072) (0.0077) (0.0084)
ROA −0.0682 −0.0483 −0.0489

(0.0417) (0.0411) (0.0427)
Liquidity Ratio 0.0035 0.0040 0.0054∗

(0.0032) (0.0030) (0.0028)
Loan-to-Deposit Ratio 0.0106∗ 0.0122∗∗ 0.0133∗∗

(0.0058) (0.0054) (0.0056)
National 0.5333∗∗∗

Unemployment (0.1309)
Regional 0.4221∗∗∗

Unemployment (0.1179)
Constant −2.8441∗ −3.5394∗∗ −4.7735∗∗∗

(1.6626) (1.7054) (1.7469)
No. of Observations 5,309 5,309 4,867
Wald chi2 132.136 152.887 117.1173
Probability > chi2 0.0000 0.0000 0.0000
Pseudo R2 0.1778 0.2084 0.1838
Log Likelihood −201.512 −194.010 −153.162
AIC 419.023 406.021 324.324
BIC 471.641 465.216 382.736
AUROC Curve 0.8364 0.8693 0.8713

Notes: This table reports results of the logistic regression model log[pi,t/(1−pi,t)] =
β0 + ΣN

j=1βjXj,i,t−1 + εi,t, where pi,t = Prob(Yi,t = 1|Xj,i,t−k) is the probability
that credit union i is referred to the FSCS for payout in year t given the vector of
j explanatory variables at t − 1. Definitions of all explanatory variables are listed
in table 2. Standard errors are reported in parentheses below their coefficient esti-
mates and adjusted for both heteroskedasticity and within correlation clustered at
the credit union level. The area under the ROC curve is a measure of how well each
specification can distinguish between failures and survivors, with larger areas repre-
senting better performance. *, **, and *** indicate significance at the 0.10, 0.05, and
0.01 level, respectively.
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4.1 Robustness Checks

To assess the reliability of our baseline model, we employed a differ-
ent measure of failure and a different lag structure on our explana-
tory variables. In general, our baseline results are robust to these
changes.20

While using the administrative measure related to FSCS refer-
ral to define failure can help mitigate endogeneity issues that can
arise when relying on financial metrics to proxy failure, it is also
possible that our definition of failure could be biased if supervisors
take actions ahead of FSCS referral in an attempt to avoid refer-
ral and soften losses to the FSCS. To address this possible bias, we
employed a different measure of failure: we consider a credit union
to have “failed” if it breached a capital-to-asset ratio threshold of
5 percent, 3 percent, or 0 percent.21 Table 8, columns 1–3, reports
the results of estimating separate models for each progressively lower
threshold measure. In general, the results are qualitatively similar
to the baseline results reported in table 6. However, one finding that
stands out in these capital breach models is that the statistical sig-
nificance of our earnings measure (ROA) is more prominent. This
is not surprising given the role that earnings plays in influencing
capital directly.

20We undertook a number of additional checks but do not report them to save
space. Overall, the additional tests show that our baseline models are robust
to including both time and region effects; including other macroeconomic con-
trols (annual rates of GDP growth and inflation); and excluding version 2 credit
unions, which are subject to more stringent capital requirements and intensive
supervisory scrutiny and have the ability to underwrite residential real estate
mortgages. All results are available upon request.

21Using this definition, our sample includes significantly higher failure rates,
on average, compared with the 1 percent under the FSCS definition: 30 percent
based on the 5 percent threshold, 17 percent based on the 3 percent threshold,
and 5 percent based on the 0 percent threshold. It should be noted, however,
that for twelve of the fourteen years in our estimation period, credit unions in
the United Kingdom were not subject to a formal capital requirement. Instead,
they were only required to operate with a positive net capital position. Beginning
in 2013, U.K. credit unions were subject to a 3 percent capital-to-asset require-
ment, and it is for this reason that we elected to focus on thresholds around this
level.
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Pragmatic considerations related to supervisory use of early-
warning models motivates our focus on a one-year-ahead model. We
also evaluate how our baseline results hold under longer, two- and
three-year horizons by altering the lag structure on our explanatory
variables. Columns 4 and 5 of table 8 report the results of specifi-
cations that include variables lagged two and three periods before
failure. The signs on all coefficient estimates remain unchanged.
Comparisons of the pseudo R-squared and AUROC measures
show that fit and classificatory power diminish over longer time
horizons.

4.2 Economic Significance

The coefficients of the baseline model measure the direction of the
impact on the probability of failure. It is difficult, however, to inter-
pret the economic significance of each factor in explaining failure
since the magnitude of the impact depends on the initial values of
all independent variables and their coefficients. Following standard
practice, we derive the economic impact of the individual CAMEL
factors by computing the marginal effects at the sample average. In
particular, we compute the change in the probability of failure for a
one-standard-deviation change in each variable separately for each
of the eight variables in the baseline model augmented with national
unemployment, holding all other variables constant at their sample
average.

Figure 3 shows the relative marginal effects of each covariate
in our baseline model, supplemented with national unemployment
rates.22 The shaded bars represent the change in the probabil-
ity of failure associated with a one-standard-deviation increase in
each covariate, holding all other variables at the sample mean. The
figure shows that asset quality (proportion of unsecured loans) and
national unemployment rates have material influences on the like-
lihood of credit union failure, while size and capitalization play

22For completeness, we have included marginal effects on variables that are not
statistically significant: ROA and the liquidity ratio.
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Figure 3. Effect of a One-Standard-Deviation Change in
Each Variable on Failure Probability

Source: Authors’ calculations.

offsetting roles. Liquidity and earnings measures also play minor
roles in contributing to failure.

As another way of illustrating economic significance, we report
the marginal impacts separately for each of the CAMEL covariates
and the national unemployment rate found significant in our aug-
mented baseline models. Figure 4 reports the impacts on the likeli-
hood of failure across a range of plausible values for each covariate
separately, while holding all of the remaining independent variables
at their sample average. Comparison of marginal effects across the
significant determinants of credit union failure suggests that failure
probabilities are more responsive to changes in capitalization (panel
B) and unsecured loan proportions (panel D). These figures again
illustrate the pronounced effects of unemployment and the impor-
tance of considering economic conditions for early identification of
at-risk credit unions.
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5. Model Performance

This section reviews the ability of our estimated baseline model to
classify failed and surviving credit unions correctly. We focus on
evaluating performance in terms of the “usefulness” they provide in
terms of minimizing costs associated with type I and type II errors
and by comparing the area under receiver operating characteris-
tic (ROC) curves. Better models under this approach would have a
higher benefit (i.e., true positive, or “hit rate” on the vertical axis)
at the same cost (i.e., false positive, or “false alarm rate” on the
horizontal axis). Each false positive along the horizontal axis is asso-
ciated with a threshold, meaning that the ROC curve measures show
performance over all thresholds (not just a predetermined threshold,
such as π discussed earlier). The area under the curve measures the
likelihood that a randomly chosen failure event is ranked higher than
a non-failure. A perfect ranking has an area equal to 1, while random
chance has an area under the curve of 0.5.

5.1 In-Sample Classification Performance

The in-sample results reported in table 6 indicate that, while the
baseline model has relatively high discriminatory power, perfor-
mance improves with the addition of unemployment rates. In par-
ticular, the area under the ROC curve for the baseline model is
roughly 84 percent and increases to 87 percent when augmented with
national (or regional) unemployment rates. Overall, the in-sample
results suggest that there could be scope for improving model perfor-
mance by augmenting firm-level characteristics with unemployment
rates.

5.2 Out-of-Sample Forecasting Performance

This section evaluates the out-of-sample performance of the models
discussed above. More complex models that use more variables to
predict failure will by design perform relatively well in in-sample
fitting. The more dimensions that are used to explain observed fail-
ures, the closer the models will get to replicating these failures.
This need not be true out of sample. Indeed, there is a body of
evidence that shows that relatively simple models can outperform
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complex models based on out-of-sample measures (e.g., Haldane and
Madouros 2012; Aikman et al. 2014). An aim of this paper is to
evaluate the out-of-sample performance of the more complex multi-
variate models set out above for early-warning use by credit union
supervisors.

There is no obvious separate sample on which to evaluate our
models discussed above. As such, we rely on data-splitting tech-
niques to separate our single sample of data into two, leaving a
“training” sample on which we estimate our model and a “testing”
sample on which we evaluate our model’s performance in predicting
actual credit union failures. This procedure is analogous to how we
intend the model to be used in the supervision of credit unions—
estimating the model on historical data of past credit union char-
acteristics and failures (analogous to our training sample) and then
using the estimated model to rank credit unions, based on their most
recent regulatory data, according to their likelihood of failure. All
else equal, a model that accurately classifies failure in our testing
sample should perform well in predicting the failure of credit unions
currently under supervision.

We begin the procedure by randomly selecting a subset of 400
of the roughly 700 different credit unions in our sample. We esti-
mate four separate and distinct models on this training sample:
(i) a simple univariate model based on asset size, (ii) our baseline
model discussed above that includes only CAMEL covariates, (iii)
our baseline model augmented with national unemployment meas-
ures, and (iv) our baseline model augmented with regional unemp-
loyment measures. We then fix model parameter estimates, and use
these to calculate predicted probabilities of default for each of the
firms in the testing, or holdout, sample. We define an “at risk” sub-
sample of holdout firms who have a probability of default greater
than some predetermined threshold. We use this subsample to cal-
culate “hit rates” and false alarm (type II error) rates for each of
the four models. By varying the threshold above which firms are
designated at risk, we trace out ROC curves for each of our models.
To minimize sampling error, we repeat this process 1,000 times and
calculate average ROC curves.

Figure 5 shows out-of-sample testing results for our baseline
model. It shows that the univariate model is clearly outperformed by
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Figure 5. Out-of-Sample Performance: One-Year Model

Sources: Bank of England and authors’ calculations.

each of the multivariate models. The one-year model with regional
unemployment performs worse than the other multivariate mod-
els, suggesting that for near-term forecasts, regional unemployment
may (somewhat surprisingly) degrade model performance and its
use for supervisory purposes. The baseline model without regional
unemployment performs better but is narrowly outperformed by
the model with national unemployment. This is consistent with our
in-sample findings discussed earlier where the inclusion of national
unemployment is a highly significant factor in characterizing default
in the upcoming year.

6. Conclusions

This paper develops an early-warning model for characterizing indi-
vidual credit union failure in the United Kingdom based on firm-level
and macroeconomic indicators of vulnerability. We define failure as
the case where a credit institution was referred to the FSCS for
depositor payout as part of a formal administrative process. The
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results show that a small set of firm-level financial CAMEL meas-
ures, including a simple non-risk-based capital ratio, asset arrears
rates, unsecured loans, return on assets as well as liquid assets,
and loan-to-deposit ratios is effective in characterizing potentially
troubled credit unions one year in advance of failure. We also find
that controlling for regional and national macroeconomic condi-
tions improves in-sample classification and out-of-sample predictive
ability.

As credit unions increase in prominence for households that may
not have access to traditional forms of finance, understanding what
leads to the failure of these institutions will become of increased
importance. We believe our paper’s results could be of value to super-
visors tasked with ensuring the safety and soundness of individual
firms and in identifying emerging threats to firm failure. Knowing
which firms, and the extent to which the credit union sector overall,
exhibit features similar to those that failed previously could help in
allocating scarce supervisory resources and in curbing the effects of
credit union failures on depositors and the regional economy. This
information may also be of interest to the U.K. FSCS and provide
benchmark criteria for establishing risk-sensitive levies supporting
this compensation scheme.

For macroprudential purposes, the results may give policymak-
ers at least an initial sense of sector resilience. For instance, there
may be concerns when the results show a significant proportion of
credit unions with high failure probabilities. Aggregating estimated
failure probabilities across firms (e.g., on a simple or asset-weighted
average basis) and monitoring these over time may also help reveal
incipient risks within the sector. Monitoring how the distribution of
failure probabilities evolves over time can also shed light on emerging
trends and issues that may be of concern to supervisors.
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expenditures price index both including and excluding food
and energy prices. These data series play a major role in the
Federal Reserve’s analysis of inflation. We examine the mag-
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We can forecast data revisions in real time from the initial
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(overall PCE inflation) and to the PCE inflation rate excluding food
and energy prices (core PCE inflation).1 In 2012, the Fed established
a formal inflation target of 2 percent in the overall PCE inflation
rate.2 Unlike the inflation rate based on the consumer price index
(CPI), the PCE inflation rate and the core PCE inflation rate are
subject to revision, as are all the components of the national income
and product accounts. While one might argue in favor of forecast-
ing the CPI inflation rate because it is not revised, the revisions to
the PCE inflation rates occur because of additional source data that
are better able to determine the nominal level of personal consump-
tion expenditures and how that level is broken down between real
consumption and changes in consumer prices.

Monetary policymakers use data on the PCE inflation rate and
core PCE inflation rate in making decisions. But those series could
be misleading because of large data revisions. For example, consider
the core PCE inflation rate as it appeared in May 2002. At the
time, inflation (measured as the percentage change in the price level
from four quarters earlier) appeared to be falling sharply, as the line
labeled “May 2002” in figure 1 shows.

By May 2003, the statement released after the Federal Open
Market Committee (FOMC) meeting noted that there could be “an
unwelcome substantial fall in inflation.” In a few years, though, the
Fed’s worries about the fall in inflation seen in this figure would
dissipate because the decline in inflation from 2000 to 2002 would
be revised away. For example, in December 2003, the language in
the statement after FOMC meetings began to note that the worries
about an unwelcome fall in inflation had begun to diminish. As the
line labeled “Dec 2003” in figure 1 shows, inflation in 2001 and early
2002 had been revised up by December 2003, so the drop in inflation
in early 2002 did not look nearly as worrisome as it had in May 2002.

In fact, a few years later, the worries about a drop in inflation in
early 2002 seem misplaced; after the revisions, the data indicated a

1The Fed cited three main reasons for the switch: (i) PCE inflation is not sub-
ject to as much upward bias as the CPI because of substitution effects; (ii) PCE
inflation covers a more comprehensive measure of consumer spending than the
CPI; and (iii) PCE inflation is revised over time, allowing for a more consistent
time series. See Board of Governors of the Federal Reserve System (2000, p. 4;
2004, p. 3), and Bernanke (2007).

2Board of Governors of the Federal Reserve System (2012).
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Figure 1. Core PCE Inflation Rate from 1997:Q1 to
2002:Q1: Vintages May 2002, Dec. 2003, and Aug. 2005

rise in inflation from 2000 to late 2001, as the line labeled “August
2005” in figure 1 shows.

Because the PCE inflation rates are revised, as this example
illustrates, policymakers need to understand the magnitude of those
revisions. This paper seeks to examine those revisions, to determine
their overall characteristics, and to investigate the extent to which
the revisions might be forecastable. We begin by discussing the data
on PCE inflation and its revisions, then analyze a number of tests
on the revisions to see if the revisions have desirable characteristics.
We use this analysis as a guide to forecasting revisions to PCE infla-
tion in real time. We then discuss the implications of these revisions
for monetary policymakers. This paper is the first to develop and
use real-time data for core PCE inflation and the first to provide
an evaluation of the revision properties of overall PCE inflation and
core PCE inflation.

2. Related Literature

Economists have been studying the empirical properties of data
revisions since Zellner (1958). Mankiw, Runkle, and Shapiro (1984)
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found that revisions to the money stock data were reductions of
measurement error, so that the initial release of the data was not
an optimal forecast of the later revised data. Mankiw and Shapiro
(1986) introduced the terminology distinguishing between noise revi-
sions (such as those that occur for the money stock), which are pre-
dictable, and news revisions, which are not forecastable. They found
that the initial releases of nominal output and real output data are
optimal forecasts of the revised data, and thus have news revisions.
Mork (1987) suggested that in fact the data released by the gov-
ernment may fit neither the polar case of noise nor the polar case
of news, but may be a weighted average of sample information and
optimal forecasts. Thus, a test of the correlation of data revisions
with information known at the time the data were released provides
a general test of well-behavedness of the data. Mork found the ini-
tially released data on real GNP growth to be not well behaved,
as they are biased downwards and tend to follow their trends more
than they should, so that revisions to the data are correlated with
existing data known at the time the initial release is produced.

With results like Mork’s, which show that revisions are corre-
lated with existing data, it should be possible for the revisions to be
predicted in real time. Attempts to forecast such revisions, however,
have not always been successful. Much of the time the correlation of
revisions with existing data is only known in-sample for a long sam-
ple period, but could not be exploited in real time, perhaps because
it results from outliers. Faust, Rogers, and Wright (2005) examined
data on real output growth for six countries, showing that the revi-
sions are mainly noise. Based on regressions of revised data from
initial release to two years later, they were able to predict revisions
to the data for most countries. Similarly, Garratt and Vahey (2006)
used predictability of U.K. GDP revisions to provide better out-
of-sample forecasts of business cycle turning points, using a similar
regression approach.

Howrey (1978) showed how to adjust the observation system in a
state-space model to account for data revisions. With a similar idea,
Conrad and Corrado (1979) used the Kalman filter to form better
estimates of revised data on industrial production. Patterson (1995)
showed how to exploit the information in past revisions to forecast
future revisions using a state-space model. Aruoba (2008) found
that most U.S. data revisions are neither pure news nor noise, as



Vol. 15 No. 4 Revisions to PCE Inflation Measures 245

suggested by Mork. Aruoba also found that revisions are predictable
out of sample, using a state-space model.

How should policymakers respond to data if they know the data
may be revised? An early analysis by Aoki (2003) shows that poli-
cymakers should be cautious in responding to shocks if the data are
measured with error. Orphanides (2001, 2002) argues that simple
rules for monetary policy would not have worked as well in real time
as they appear to do ex post because of data revisions, and those
revisions led to the Great Inflation of the 1970s. More recently, Lubik
and Matthes (2016) show that imperfect knowledge about the struc-
ture of the economy combined with data misperceptions were key
elements that led to the Great Inflation.

Building on the work of Aruoba (2008) and Croushore and Evans
(2006), Amir-Ahmadi, Matthes, and Wang (2017) show that data
revisions have crucial implications for monetary policy. Their results
are similar to those of Croushore and Sill (2016), who show that
the responses to macroeconomic shocks are different between initial-
release data and final revised data and that the responses to shocks
tend to be larger (in absolute value) in final revised data. Thus
policymakers considering how to respond to shocks might want to
recognize that the impact of the shock might seem small at first
but may turn out to be much larger than in the initial estimates of
output and inflation.

3. The Data

The real-time data set of the Federal Reserve Bank of Philadelphia,
created by Croushore and Stark (2001), is the seminal source for data
revisions in U.S. macroeconomic data.3 Data within any vintage are
the exact data available to a policymaker at any given date; gen-
erally vintages are based on the data available at mid-month. The
data set contains quarterly observations on nominal personal con-
sumption expenditures and real personal consumption expenditures.
We use the ratio of these two series to create a real-time data series

3See Croushore and Stark (2001) for a description of the overall structure of
the real-time data set. Go to the Federal Reserve Bank of Philadelphia’s web-
site for the data: http://www.philadelphiafed.org/research-and-data/real-time-
center/.
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on the overall PCE price index, with vintages available from 1965.
The data set did not contain data on the PCE price index excluding
food and energy prices, so we collected the data from past issues of
the Survey of Current Business.4 The data show the index value of
the core PCE price index in each quarter.

From the data on the overall PCE price index and core PCE price
index, we create two measures of inflation for each variable, for each
observation date and each vintage date, one based on the quarterly
inflation rate and a second based on the inflation rate over the pre-
ceding four quarters. Our notation for these concepts is π(p, v , t) for
the overall PCE inflation rate and πx(p, v , t) for the core PCE infla-
tion rate. The first term, p, is the period over which the inflation rate
is calculated, with p = 1 for quarterly inflation and p = 4 for inflation
over the preceding four quarters. The second term, v , is the vintage
of the data, which is the date on which a policymaker would observe
the data; there is a new vintage every month. The third term, t, is
the date for which the inflation rate applies. Thus π(4, 2006:M12,
2006:Q3) describes the PCE inflation rate from 2005:Q3 to 2006:Q3,
as observed in mid-December 2006, while πx(1, 2006:M12, 2006:Q3)
describes the annualized core PCE inflation rate from 2006:Q2 to
2006:Q3, as observed in mid-December 2006. If P(v , t) describes the
level of the overall price index relevant to date t observed in vintage
v , then

π(1, v , t) =
{[

(
P (v , t)

P (v , t − 1)
)4

]
− 1

}
× 100% (the quarterly inflation

rate, annualized),

and

π(4, v , t) =
{[

P (v , t)
P (v , t − 4)

]
− 1

}
× 100% (the inflation rate over

the previous four quarters).

4These data were produced by this author and research assistants for an early
version of this paper and have subsequently been posted as part of the Federal
Reserve Bank of Philadelphia’s real-time data set.
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With these two concepts of PCE inflation and core PCE infla-
tion in hand, we can now describe revisions to the data. Almost
always, new data are initially released at the end of January (for
the fourth quarter), April (first quarter), July (second quarter), and
October (third quarter). The data are revised in each of the fol-
lowing two months after their initial release, then revised in July
of each of the subsequent three years, and revised again in bench-
mark revisions, which occur about every five years. For the first two
monthly revisions and the annual revisions, the government agency
gains access to additional source data that help produce better val-
ues for the data. Benchmark revisions incorporate new data from
economic censuses.

Because many revisions occur, we examine a number of different
concepts. A variable in the national income and product accounts
probably undergoes its greatest revision between its initial release
and the first annual revision. That annual revision is the key vintage
because the government has access to additional source data that
were not available earlier, including income-tax and social-security
records and census data that allow for improved sectoral weights,
and is thus able to form much more precise measures of income, out-
put, and prices. Another natural revision to consider is that from
the initial data release to the latest available series, which for us
consists of data from vintage May 2017. In addition, we can con-
sider the data revision from the following year’s annual vintage to
the latest available data.

Our notation describing the revisions is described as follows. Let
i(1, t) = the initial release of π(1, v , t) and i(4, t) = the initial release
of π(4, v , t). Note that these are released at the same time (in the
same vintage), but we cannot describe the vintage as “t+1” because
the vintages are monthly, while the data are quarterly.

Let the annual release of the following year be described as
A(1, t) = π(1, v , t) and A(4, t) = π(4, v , t), where v is the vintage
containing the annual revisions in the year after t. Table 1 shows
when each annual revision occurs, usually in July of the following
year, but sometimes in other months, depending mainly on whether
a benchmark revision occurred.

The latest available data come from data vintage May 2017 and
are given by l(1, t) = π(1, May 2017, t) and l(4, t) = π(4, May
2017, t).



248 International Journal of Central Banking October 2019

Table 1. Annual NIPA Revision Dates

Year Annual Revision Date

1965 to 1973 July of following year
1974 January 1976 benchmark revision
1975 to 1978 July of following year
1979 December 1980 benchmark revision
1980 to 1981 July 1982
1982 to 1983 July of following year
1984 December 1985 benchmark revision
1985 to 1989 July of following year
1990 November 1991 benchmark revision
1991 July 1992
1992 August 1993
1993 July 1994
1994 January 1996 benchmark
1995 to 1997 July of following year
1998 October 1999 benchmark revision
1999 to 2001 July of following year
2002 December 2003 benchmark revision
2003 to 2015 July of following year

Given these definitions, the revisions are as follows:

r(i, A, 1, t) = A(1, t) − i(1, t) Revision of quarterly change in PCE
inflation from initial release to the
first annual revision

r(i, A, 4, t) = A(4, t) − i(4, t) Revision of four-quarter change in
PCE inflation from initial release
to the first annual revision

r(i, l, 1, t) = l(1, t) − i(1, t) Revision of quarterly change in
PCE inflation from initial release to
latest available vintage

r(i, l, 4, t) = l(4, t) − i(4, t) Revision of four-quarter change in
PCE inflation from initial release to
latest available vintage

r(A, l, 1, t) = l(1, t) − A(1, t) Revision of quarterly change in
PCE inflation from first annual
revision to latest available vintage
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Figure 2. Four-Quarter Core PCE Inflation Rate:
Initial to Latest Revision and Actuals

r(A, l, 4, t) = l(4, t) − A(4, t) Revision of four-quarter change in
PCE inflation from first annual
revision to latest available vintage

We define these revisions for the dates, t, from 1965:Q3 to 2015:Q4,
where the latter date is the last one for which an annual revision
exists as of this writing. For revisions to core inflation measures,
we use the same symbols but add a superscript “x”; for example,
rx(A, l, 4, t) is the revision to the four-quarter core inflation rate at
date t between the annual release and the latest available vintage.
Revisions to core inflation are available from 1995:Q3 to 2015:Q4
because the core PCE data were first released by the Bureau of
Economic Analysis in early 1996.

Figure 2 shows one particularly interesting revision series, which
is rx(i, l, 4, t), the four-quarter revision of core PCE inflation from
the initial release to the latest available data in May 2017, shown
from 1995:Q3 to 2015:Q4. In the figure, you can see a number of
positive revisions to the data from the late 1990s to the late 2000s.
Core inflation was revised up on many dates by about 0.5 percentage
point, which is a large change, given that the original inflation rate
was between 1.0 and 2.5 percent on a number of those dates.
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Figure 3. Four-Quarter Core PCE Inflation Rate:
Initial to Annual Revision and Actuals

Given that some of the revisions in figure 2 may have arisen
from benchmark revisions, which might include changes in defin-
itions, another piece of data to examine is the revision from the
initial release to the first annual release. These revisions avoid most
of the benchmark changes that might be difficult to anticipate; they
are pure revisions caused by additional sample information (except
on the few occasions where there was no annual revision because
of a benchmark revision). Figure 3 shows the revisions to the core
inflation rate from initial to annual release, which is rx(i, A, 4, t), in
our notation. This figure shows that most of the core PCE infla-
tion numbers were revised up from their initial release to the first
annual revision. Some revisions are large; for example, in 2004:Q4,
the four-quarter core inflation rate was revised up by 0.7 percentage
point from its initial release in January 2005 to the annual revision
released in July 2006. Overall, figure 3 suggests that an analyst could
improve on the initial release of the inflation rate by assuming that
it would increase by about 0.12 percentage point by the time of the
annual revision, where 0.12 percentage point is the average upward
revision from the initial release to the first annual revision.

Finally, we note that revisions to overall PCE inflation and core
PCE inflation are broadly similar. For example, figure 4 shows the
relationship between revisions from initial release to annual revision,
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Figure 4. Revisions to Four-Quarter Inflation Rates:
Initial to Annual Revision

for the four-quarter inflation rate in both variables. Both show the
same property that the average revision is positive.5 Taking the revi-
sion series as broadly similar for both variables, we take advantage
of the fact that the overall PCE inflation series has been available for
much longer (since vintage November 1964), to investigate whether
problems with the core PCE inflation revisions occur just because
the history of the variable is so short. The figure also suggests that
the main source of revisions is not revisions to food and energy prices
or revisions to the weights in those sectors; otherwise, the lines in
figure 4 would look different.

To formalize the ideas suggested by these figures, we proceed to
examine the data formally through a variety of statistical tests.

4. Characteristics of the Revisions

Table 2 shows the mean and standard error of the sample mean of
each revision concept for one-quarter inflation rates and four-quarter
inflation rates, for both core PCE inflation and PCE inflation. We

5Forecastable revisions are generally considered to be undesirable by govern-
ment statistical agencies because they suggest that the methods used to produce
the data could be improved.
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Table 2. Zero-Mean Test for Revisions

Core PCE Inflation Overall PCE Inflation

Revision Mean s p-value Mean s p-value

One-Quarter Inflation Rate

i A 0.12 0.037 0.001∗ 0.10 0.042 0.014∗

i l 0.08 0.044 0.071 0.07 0.058 0.224
A l −0.04 0.036 0.248 −0.03 0.054 0.549

Four-Quarter Inflation Rate

i A 0.14 0.021 0.10 0.020
i l 0.08 0.025 0.04 0.029
A l −0.06 0.019 −0.06 0.029

Notes: In the table, s is the standard error of the sample mean and the p-value
is for the test of the null hypothesis that the mean revision is zero. For core PCE
inflation, the sample period is 1995:Q3 to 2015:Q4; for overall PCE inflation, the
sample period is 1965:Q3 to 2015:Q4. An asterisk highlights a p-value less than 0.05.
Only the one-quarter revision is tested, as the four-quarter revisions are subject to
overlapping-observations problems.

expect that the standard error of the sample mean will increase as
we look at revisions with more time between measurement dates.
So, we expect the standard error to rise as we move from i A to
i l (moving down between the first two rows in the table) or as we
move from A l to i l (moving up between the third row and sec-
ond row in the table). Indeed, these patterns do occur, as the table
shows.

Figure 4 above suggested that the revision from initial release
to annual release in the following year was positive, on average, for
core PCE inflation. Formal tests for a zero mean in the revisions
to both PCE and core PCE inflation are presented in the columns
labeled “p-value” in table 2. The table’s results are consistent with
what appears to the eye in figures 3 and 4: that the mean revi-
sion from initial to annual is significantly above zero. The same is
true of the revision from initial to latest available, though the mean
revision is not statistically significantly positive. The mean revision
from annual to latest available is negative and not statistically signif-
icantly different from zero. Thus, it appears that it would be useful
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Table 3. Sign Test

Core PCE Inflation Overall PCE Inflation

Revision s p-value s p-value

i A 0.68 0.001∗ 0.59 0.011∗

i l 0.59 0.122 0.55 0.122
A l 0.49 0.825 0.47 0.398

Notes: s is the proportion of the sample with a positive revision and the p-value is for
the test of the null hypothesis that s differs significantly from 0.50 under the binomial
distribution. For core PCE inflation, the sample period is 1995:Q3 to 2015:Q4; for
overall PCE inflation, the sample period is 1965:Q3 to 2015:Q4. An asterisk highlights
a p-value less than 0.05. Only the one-quarter revision is tested, as the four-quarter
revisions are subject to overlapping-observations problems.

to forecast a revision to PCE inflation based on a non-zero mean
from the initial release to the annual release.6

Another useful test for evaluating forecast errors is to examine
the signs of forecast errors; we can use the same test to evaluate data
revisions.7 The formal sign test has the null hypothesis that revisions
are independent with a zero median, which we test by examining the
number of positive revisions relative to the number of observations,
assuming a binomial distribution.8 Results of the sign test applied
to various definitions of revisions are shown in table 3. The results
are consistent with those in table 2, as non-zero mean revisions are
accompanied by non-zero median revisions for the initial to annual
revision.

6Note that revisions from the initial release to the first annual revision are
generally not significant for other macroeconomic variables, such as consumption
and output, as I have determined in unpublished research. On the other hand,
Aruoba (2008) suggests that some other revisions may be forecastable. For more
on the appearance of bias in data revisions, see Croushore (2011).

7Research suggests that tests on mean forecast errors may have low power
and may be sensitive to outliers, as Campbell and Dufour (1991) suggest, which
is why the non-parametric sign test is a useful additional test.

8If the revisions were not independent, the sign test would not be appropriate.
It is possible that the revisions within one year are not independent. A sign test
sampling just once each year shows bias for core PCE inflation in two of four
subsamples but no bias for overall PCE inflation in all four quarterly samples.
So, the evidence of bias is quite a bit stronger for core PCE inflation.
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Table 4. Root Mean Squared Forecast Error for
Forecasting Latest Available Actual

Forecast Based On Core PCE Inflation Overall PCE Inflation

Initial Release 0.41 0.83
Annual Release 0.33 0.77
DM Test p-value 0.04 0.26

Notes: RMSFE is the root mean squared forecast error from using the vintage con-
cept shown in each row as a forecast of the latest available data. The sample period is
1995:Q3 to 2015:Q4 for core PCE inflation and 1965:Q3 to 2015:Q4 for overall PCE
inflation. Only the one-quarter revision is tested, as the four-quarter revisions are
subject to overlapping-observations problems. The Diebold-Mariano test reported in
the last row is the p-value for a test of the null hypothesis that there is no significant
difference in the RMSFE between the two forecasts.

We can think of early releases of the data as forecasts of the
latest available data. Assuming a symmetric loss function, a conven-
tional measure of forecastability is the root mean squared forecast
error (RMSFE) of each actual series. We should expect that treat-
ing the initial release as a forecast of latest-available data will pro-
duce a worse forecast (and thus have a higher RMSFE) than using
the annual actual as a forecast. Table 4 shows calculations of these
RMSFEs for both overall PCE inflation and core PCE inflation. For
forecasting the latest available data, the RMSFE declines as we move
from initial release to annual release, as expected. The improvement
in the RMSFEs is quite large (and statistically significant according
to the Diebold-Mariano test) for core PCE inflation, perhaps in part
because of the short sample period. The improvement is more mod-
est for overall PCE inflation, and is not statistically significant. So,
for core PCE inflation, information in the annual release is valuable,
providing a significantly better view of the later measures of the
inflation rate than the initial release did. However, for overall infla-
tion (over a longer period), taking the first annual release improves
over the initial release as a predictor of the later release, but not
significantly so.

Since the seminal papers of Mankiw, Runkle, and Shapiro (1984)
and Mankiw and Shapiro (1986), researchers have distinguished
between data revisions that are characterized as either containing
news or reducing noise. Croushore and Stark (2003) found that many
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Table 5. Standard Deviations of Alternative Actuals
(in percentage points)

Core PCE Inflation Overall PCE Inflation

Initial Release 0.600 2.746
Annual Release 0.575 2.678
Latest Available 0.520 2.719

Release

Notes: Each number in the table is the standard deviation of the growth rate of the
variable listed at the top of each column for the data set listed in the first column. If
revisions contain news, the standard deviation should increase going down a column;
if the revisions reduce noise, the standard deviation should decrease going down a
column. The sample period is 1995:Q3 to 2015:Q4 for core PCE inflation and 1965:Q3
to 2015:Q4 for overall PCE inflation.

components of GDP were a mix of news and noise. The distinction is
an important one, because a variable whose revisions can be charac-
terized as containing news are those for which the government data
agency is making an optimal forecast of the future data. Then a
revision to the data will not be correlated with the earlier data. On
the other hand, a variable that is one for which the revisions reduce
noise is one in which the revisions are correlated with the earlier
data and are thus forecastable.

News revisions have the property that the standard deviation
of the variable over time rises as the variable gets revised; noise
revisions have standard deviations that decline as the variable gets
revised. So, one simple test of news and noise is to examine the
pattern of the standard deviation across degrees to which data have
been revised, as we show in table 5. For both core PCE inflation and
overall PCE inflation, the standard deviation declines as we move
from initial release to annual release, which suggests that revisions
from initial to annual are characterized as reducing noise. However,
when we move from the annual release to the latest available release,
for core PCE inflation the standard deviation declines, while for
overall PCE inflation the standard deviation rises, so there is not a
consistent pattern.

A second test of news or noise comes from an examination of the
correlation between revisions to data and the different concepts of
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Table 6. Correlations of Revisions with Actuals

Core PCE Inflation Overall PCE Inflation

Revision/ Latest Latest
Actual Initial Annual Available Initial Annual Available

i A −0.35† 0.22* 0.08 −0.22† 0.01 −0.09
(4.6)[4.9] (2.7)[1.8] (1.0)[0.9] (3.0)[2.6] (0.1)[0.1] (1.1)[1.1]

i l −0.52† −0.18 0.17 −0.18† −0.09 0.12*
(5.5)[5.3] (1.4)[1.4] (1.6)[1.8] (2.9)[2.0] (1.4)[1.2] (1.9)[2.1]

A l −0.28† −0.44† 0.14 −0.03 −0.09 0.19*
(2.8)[2.6] (4.6)[3.2] (1.3)[1.7] (0.3)[0.3] (1.1)[1.0] (2.4)[2.4]

Notes: Each entry in the table reports the correlation of the variable from the data set
shown at the top of the column to the revision shown in the first column, with the absolute
value of the HAC-adjusted t-statistics in parentheses below each correlation coefficient; the
first one in parentheses comes from a regression of the actual value shown in the column
header on the revision shown in the first column, while the second one in brackets comes
from a regression of the revision on the actual. The sample period is 1995:Q3 to 2015:Q4
for core PCE inflation and 1965:Q3 to 2015:Q4 for overall PCE inflation.
*There is a significant (at the 5 percent level) correlation between the revision and the
later data, implying “news.”
†There is a significant (at the 5 percent level) correlation between the revision and the
earlier data, implying “noise.”

actuals. If there is a significant correlation between a revision and
later data, then the revisions fit the concept of adding news. But
if there is a significant correlation between a revision and earlier
data, then the revisions fit the concept of reducing noise. Correla-
tions for core PCE inflation and overall PCE inflation are shown in
table 6. For both inflation measures, the results are consistent with
the results from table 5 that suggest that the revision from initial
to annual reduces noise. Table 5 showed that the standard deviation
of the initial release was higher than the standard deviation of the
annual release, while table 6 shows that the initial release is signifi-
cantly correlated with later revisions. Both of those results suggest
that the revisions reduce noise. For other concepts, the results are
mixed. Most of the remaining cells in table 6 show no significant
correlations. For core inflation, the latest available release is not
correlated with any of the earlier revisions. For core inflation, the
annual release is significantly correlated with the revision from ini-
tial to annual, which suggests that the revision represents news, but
the annual release is also significantly correlated with the annual
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to latest release, which suggests noise, and the standard deviation
declines between the annual and latest available releases, suggest-
ing noise. For PCE inflation, the annual release is not significantly
correlated with any revisions, while the latest available release is
significantly correlated with the revision from the annual release to
the latest release, suggesting news, which is also supported by the
rise in the standard deviation from annual release to latest available
release.

Overall, the news-noise results suggest that it may be possible
to predict the revisions between the initial release and the annual
release for both variables, as those are the revisions for which the evi-
dence is most clear that the revisions reduce noise. Other revisions
might be predictable, but the evidence is more mixed.

5. Forecastability of the Revisions

Can we use the results on the characteristics of the revisions to make
forecasts of the revisions? One possibility is to use the negative corre-
lation between the initial release of the data and the revision, shown
in table 6, to try to forecast the revision. If the correlation is strong
enough, we should be able to reduce the root mean squared forecast
error of the revision from the values shown in table 4. The prob-
lem, of course, is that the correlations shown in table 6 can only
be observed after the fact from the complete sample. The question
is, could we, in real time, calculate the correlations between earlier
release and known revisions and then use that correlation to make
a better forecast about the value of the variable after revision?

Given that the revision from the initial release to the annual
revision was characterized as reducing noise, we proceed to forecast
the initial to annual revision in the following way. Consider a pol-
icymaker in the second quarter of 1985 who has just received the
initial release of the PCE inflation rate for 1985:Q1.9 First, use as

9We start with the observation for 1985:Q1 to allow enough observations at
the start of the period to prevent having too small of a sample period for the
regressions that follow, yet still have enough out-of-sample periods to provide
a meaningful test. Also, the small sample size for core PCE inflation makes it
impossible to do any useful prediction of revisions, so in this section we focus
only on overall PCE inflation.
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the dependent variable in a regression all the data on revisions from
initial release to the annual release that were released through the
current period, which in this case gives a sample from 1965:Q3 to
1983:Q4. Regress these revisions on the initial release for each date
and a constant term:

r(i, A, 1, t) = α + βi(1, t) + ε(t). (1)

Use the estimates of α and β to make a forecast of the annual revision
that will occur in 1986:

r̂(i, A, 1, 1985Q1) = α̂ + β̂ · i(1, 1985Q1).

Repeat this procedure for every new initial release from 1985:Q2 to
2015:Q4. Now, based on this forecast of a revision, formulate a fore-
cast of the value of the annual revision for each date from 1985:Q1
to 2015:Q4, based on the formula

Â(1, t) = i(1, t) + r̂(i, A, 1, t). (2)

Finally, we ask the question, is it better to use this estimate of the
revision based on equation (2), or would assuming no revision pro-
vide a better forecast of the annual release? We examine this by look-
ing at the root mean squared forecast error, taking the actual annual
release value as the object to be forecasted, and comparing the fore-
cast of that value given by equation (2) with the forecast of that
value assuming that the initial release is an optimal forecast of the
annual release. Results of conducting such a forecast-improvement
exercise are shown in table 7.

The results show that it is indeed possible to forecast the revi-
sion that will occur in the annual release. Regression coefficients of
equation (1) show a positive constant term and a negative slope
coefficient (across all of the regressions, each with a different real-
time data vintage used in the regression). The root mean squared
error declines by 6.7 percent, which is indicated by the forecast-
improvement exercise ratio of 0.933, which is the ratio of the RMSFE
based on equation (2) to the RMSFE based on forecasting no revi-
sion from initial release to the annual revision. A Diebold-Mariano
test suggests that the forecast improvement is significant at the 10
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Table 7. RMSFEs for Forecast-Improvement Exercises

Forecast Annual Release RMSFE

Forecast Based on Initial Release, Equation (2) 0.428
Assume Expected Revision from Initial = 0 0.458
Forecast Improvement Ratio 0.933
Diebold-Mariano p-value 0.09

Notes: The forecast-improvement exercise ratio equals the RMSFE for the attempt
to forecast the revision divided by the RMSFE when no revision is forecasted (that
is, taking the earlier vintage as the optimal forecast of the later vintage). A forecast-
improvement exercise ratio less than one means that the revision is forecastable.
The sample period is 1985:Q1 to 2015:Q4. The Diebold-Mariano test examines the
significance of the forecast difference assuming, in this case, quadratic loss.

percent level; that is a somewhat weak result, but perhaps not sur-
prising given the real-time properties of the test reported by Clark
and McCracken (2009).

Suppose we return to the data reported in figure 1 for 2002:Q1.
If we had used the regression method based on equations (1) and
(2) in real time, we would forecast that the core inflation rate for
2002:Q1 would be revised from 1.17 percent reported in the May
2002 vintage up to 1.55 percent in the annual revision in 2003, an
upward revision of 0.38 percent. In fact, the data were revised up
to 1.52 percent in the annual revision in 2003, fairly close to our
forecast.

6. Implications for Policymakers

Revisions of the size described in the previous section could have
a substantial impact on monetary policy. To illustrate, consider a
baseline Taylor rule10 using the overall PCE price index. The Taylor
rule says that policymakers set the federal funds rate according to

it = 2% + πt + 0.5Ỹt + 0.5(πt − πT ), (3)

10The rule was first described by Taylor (1993). It has been the subject of
intense research ever since, as summarized in Orphanides (2010).
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where i is the nominal federal funds rate, 2 percent represents the
equilibrium real interest rate, π is inflation rate over the past four
quarters, Ỹ is the output gap, πT is the inflation target, and the
variables with t subscripts are measured at time t. To make the
Taylor rule implementable, we use the output gap as measured by
the Federal Reserve Board from 1987 to 2012, along with a 2 per-
cent inflation target in the overall PCE inflation rate.11 We use our
real-time data series to determine the Taylor rule’s implied federal
funds rate using the initial release of the PCE inflation data. Then,
we follow the process of forecasting revisions to the PCE inflation
rate as described in the previous sessions, and use those estimated
revisions as more accurate measures of the inflation rate in equation
(3), to see what the Taylor rule would recommend if the Fed had
forecasted revisions to the inflation rate.12 The differences between
the alternative Taylor-rule recommendations are shown in figure 5.

Figure 5 shows that, on average over the period from 1988 to
2012, the federal funds rate recommended by the Taylor rule would
have been higher by an average of 0.32 percentage point if the
Fed had forecasted revisions to the PCE inflation rate, rather than
believing that the initial release of the inflation rate was accurate.13

This should have led to lower rates of inflation in the entire period.
Not only would the average federal funds rate be higher if the Fed
had forecasted revisions to inflation, but it would have been higher in
every single quarter from 1988 to 2012. This occurs because the esti-
mated bias, as measured in real time, leads policymakers to always

11The Federal Reserve Board’s output gap series is reported by the Federal
Reserve Bank of Philadelphia at https://www.philadelphiafed.org/research-and-
data/real-time-center/greenbook-data/gap-and-financial-data-set. Currently, the
series is not available after 2012 because the Federal Reserve has a five-year
embargo on its output gap series. Note that other versions of the Taylor rule
(such as that cited by Bernanke 2015), use a bigger weight on the output gap.
The output gap is also subject to very large revisions, as Orphanides (2001) notes.

12There is uncertainty about the prediction of the revision, so policymakers
could consider that element of uncertainty in setting policy optimally. In this
analysis, we assume that they set policy following the rule and not considering
the implications of added uncertainty on their policy setting.

13In several quarters following the Great Recession, 2010:Q4 and 2011:Q1, the
federal funds rate recommended by the Taylor rule is positive using the forecasted
revisions to the PCE inflation rate but negative using the Taylor rule based on
the initial release of the inflation rate.
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Figure 5. Difference in Taylor Rule Using Initial vs.
Forecasted Inflation

revise up their estimate of inflation over four quarters relative to the
initial estimate.14

However, the data also suggest that the revisions have been
changing their characteristics over time. A plot of the revision from
initial to first annual release shows a tendency for the revisions to
be smaller in absolute value since about 1994, as figure 6 suggests.

A plot of the moving ten-year standard deviation of the revisions
(figure 7) confirms the idea that in the past fifteen to twenty years,
the variability in the revisions has declined.

These graphs suggest that the nature of the revisions has changed
somewhat over time. Still, although the mean absolute revision has
declined somewhat over time (consistent with the decline in the stan-
dard deviation in figure 7), the mean revision remains significant

14Note that for some one-quarter-ahead forecasts of inflation, the estimated
revision is negative. But because the Taylor rule depends on inflation averaged
over four quarters, it turns out that all of those revisions are positive during the
period in question.
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Figure 6. Revision from Initial to Annual

Figure 7. Ten-Year Standard Deviation of Revision from
Initial to Annual
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and positive, even in recent years, including years since the financial
crisis. So, the predictability of revisions remains.

7. Conclusions

We find that, first, the revision from the initial release to the first
annual release, for both overall PCE inflation and core PCE infla-
tion, is predictable. Second, the magnitude of those revisions is sub-
stantial. In a Taylor rule, the predictability of the revisions would
lead to a consistently higher prescribed federal funds rate.

The inflation rate as measured by the percentage change in the
PCE price index or the core PCE price index is subject to consider-
able revisions. Based on this research, monetary policymakers and
their staffs may wish to understand the nature of these revisions and
factor in the possibility of revisions to the data in making decisions
about monetary policy. Clearly, revisions to the PCE inflation rate
data are forecastable, and policymakers and economists should fore-
cast revisions to give them a view of what the inflation picture is
likely to look like after the data are revised. However, policymakers
should also consider uncertainty in the data arising from data revi-
sions, which should cause them to attenuate the strength of their
response to new data that are measured with error, as suggested by
Sack and Wieland (2000).
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1. Introduction

As the implementation of macroprudential policies, which aim to
promote system-wide financial resilience, has become more wide-
spread, policymakers and researchers have paid attention to the pos-
sibility that the prudential benefits of regulation of a bank’s activity
in one sector or country may be eroded through changes in behavior
not covered by the regulation. The recent empirical literature has
identified a number of mechanisms through which such “spillovers”
or “leakages” may occur. Firstly, a domestic regulator may deploy
a regulatory instrument, such as those relating to a bank’s cap-
ital level, which only apply to domestically resident lenders. In
such cases, total credit growth in the domestic market may not
decrease if unregulated entities such as foreign-owned branches or
non-banks “step into the gap” by increasing their lending to offset
the credit reduction among regulated firms. Aiyar, Calomiris, and
Wieladek (2014) show that precisely this form of prudential spillover
arose from bank-varying changes to minimum capital requirements
imposed on U.K. lenders in the 1990s and 2000s.

A second form of spillover from prudential regulation may occur
when the regulatory instrument deployed targets a specific product
or sector within the domestic credit market. A prominent exam-
ple of such an instrument is the “borrower-based measure,” such
as a limit on the origination loan-to-value (LTV), loan-to-income
(LTI), or debt-service-to-income (DSTI) ratio. Such an instrument
targets all loans in the domestic market, regardless of the ownership
or residency of the lender. The possible spillover that may arise from
such a restriction is the mirror image of the first case: now, banks
with operations in multiple countries or asset classes may respond to
macroprudential product-based restrictions in the regulated market
by changing the volume or profile of their lending in unregulated
markets, such as foreign mortgage markets or both domestic and
foreign commercial lending markets. Gaining an understanding of
the nature and extent of spillovers is an important element of the
emerging literature on the effectiveness of macroprudential policy.

In this paper, we use loan-level data for the United Kingdom
and Ireland to test for cross-border spillovers from macroprudential
regulations in the mortgage market. Using loan-level data on mort-
gages from Irish-headquartered banks active in both the Republic
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of Ireland and the United Kingdom, coupled with loan-level data on
U.K.-only lenders, we test whether there was a change in risk-taking
by Irish banks in the United Kingdom following the introduction
of macroprudential regulations in Ireland in February of 2015. Our
study is the first to identify this credit risk spillover channel through
cross-border lending activity following macroprudential regulations
using loan-level information.

Our identification strategy is twofold. First, we use a simple
difference-in-difference strategy with loan-level data to compare the
lending activity of Irish banks in the United Kingdom with their
Irish lending before and after the introduction of macroprudential
limits on loan-to-value and loan-to-income ratios in their Irish home
market. This comparison provides a first test of whether the behavior
of the Irish banks diverged between the two jurisdictions concurrent
with the change in regulatory regime in Ireland. Second, to assess
whether the risk-taking behavior of the Irish banks changed relative
to other banks in the United Kingdom after the policy change, we
compare Irish banks’ lending conditions (LTV and LTI ratios) in
the United Kingdom with that of other mortgage lenders for whom
loan-by-loan mortgage data are available from the European Cen-
tral Bank’s European Data Warehouse (EDW). In this second set
of specifications, foreign activity of Irish entities is being compared
with the activity of local lenders completely unaffected by the Irish
mortgage restrictions. We also exploit the granularity in our data by
considering whether the Irish banks’ lending conditions changed for
different buyer types in the market. We focus separately on first-time
homebuyers (FTBs), second and subsequent home buyers (SSBs),
and refinancing borrowers (Refi).

Two particular econometric issues arise in both our difference-
in-difference specifications. First, our objective is to identify supply-
side shifts in lending conditions following the regulations. As the
loan data are repeated cross-sections of newly issued loans, we are
not able to follow the individual borrower over time and include a
within-group fixed effect which would directly identify credit demand
factors. While such data are more commonplace for enterprises
(De Jonghe et al. 2016), it is more difficult to obtain for house-
holds, as house purchase decisions are infrequent and lumpy (most
households purchase one or two houses in their lifetimes). Indeed,
to deal with this issue, the optimal data set would require the
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universe of both U.K. and Irish micro data in a joint data set with
unique U.K. and Irish household identifiers. However, these data
sets are not currently compiled by any regulatory authority or other
body.

To operationalize the best identification strategy given our
data—in particular, dealing with confounding demand-side factors—
we saturate the model with a rich set of “loan-borrower type” fixed
effects to attempt to purge credit demand effects at as disaggre-
gated a level as possible. This method follows the spirit of Auer
and Ongena (2016), De Jonghe et al. (2016), and Khwaja and Mian
(2008) and allows us to aim at an identification of changes in the
bank risk appetite from a supply side following the policy shift. To
create the loan-borrower fixed effects, we use the following borrower
and loan characteristics: three borrower age groups for borrowers
aged eighteen to thirty-five, thirty-six to forty-five, and forty-six to
sixty-nine; year-country house price quartiles; year-country income
quartiles; an indicator for four property types (detached houses,
semi-detached, terraced houses, apartments), and an indicator for
capital cities and their surrounding commuter zones (taking a value
of one for Dublin and the mideast regions in the Republic of Ireland
(ROI), and London and the (outer) southeast regions in the United
Kingdom). This leads to 2,382 groups which are included in the final
model once we exclude all cells with one loan.

Second, the repeated cross-sectional nature of the data pose the
risk of changes in borrower composition that are affected by the
policy. To deal with this issue, we use a multinomial logit inverse
probability weighting technique as in Stuart et al. (2014) to deal
with selection on observables and to restore the sample composition
to be comparable to the pre-policy treatment group.

We find evidence that Irish banks loosened LTVs and LTIs for
their U.K. mortgage lending relative to both their Irish lending
and the broader lending activity in the U.K. market following the
policy change in Ireland. This result demonstrates a risk-shifting
channel by which Irish banks take more risk abroad following pru-
dential limits at home. For LTV ratios, we find a 5.3 percentage
point difference in the average LTV between Irish banks’ ROI and
U.K. lending, with the impact strongest for first-time buyers and
second and subsequent buyers, relative to buy-to-let and refinance
mortgages.
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When local U.K. mortgage lenders are used as a control group,
the LTV ratios for Irish banks are shown to increase by 1.1 per-
centage points overall, 3.1 percentage points for first-time buyers
(FTBs) and 1.4 percentage points for second-time buyers. There
is no difference for refinancing loans. Considering LTIs, we again
find evidence of a credit loosening by Irish banks relative to other
banks in the United Kingdom after the policy introduction, with this
effect limited to borrowers in the FTB segment. Relative to a mean
LTI ratio of 2.6 in the United Kingdom over our regression sam-
ple period, we estimate a sizable loosening in response to the policy
of 0.45.

Our final set of regressions focuses on the probability of issuance
of high-risk loans. One could argue that, rather than looking at aver-
age LTVs and LTIs, the removal of loans from the right tails of the
LTI and LTV distribution may be more relevant when considering
the goals of macroprudential policy (to enhance the resilience of bor-
rower and bank balance sheets).1 We therefore explore whether the
Irish banks undertook more “high-risk” lending in the United King-
dom after the Irish macroprudential restrictions were introduced.
We define a “high-risk” loan in the United Kingdom to be one
with either an LTV above 85 percent or an LTI above 4 (cover-
ing between 10 and 15 percent of loans across our sample). We find
sizable effects using this approach: Irish banks increased the proba-
bility of a high-risk loan by 16 percent relative to the counterfactual,
with this effect being 28 percent in the FTB segment. That FTB bor-
rowers experienced the greatest relaxation in credit standards is also
noteworthy in terms of understanding the impact of macroprudential
regulations, given that FTBs are often faced with downpayment con-
straints (Engelhardt 1994) and are often the most affected by tight-
ening credit terms. It is clear from this evidence that the spillovers
occurred with an increase in credit risk for the Irish lenders, which
runs counter to the objectives of the original policies and high-
lights the difficulties for national regulations in a globalized banking
environment.

Our approach is similar in spirit to that of Auer and Ongena
(2016), who focus on a cross-asset-class, rather than cross-border,

1See Kelly and O’Toole (2018) for discussion.
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version of an outward spillover. Using a residential-mortgage-related
activation of the countercyclical capital buffer in Switzerland in 2012
as an experiment, they provide evidence that commercial lending
increased disproportionately among those lenders with the greatest
ex ante mortgage market exposure. Such a finding tallies with the
results presented here: where product-specific or asset-class-specific
regulation is imposed, lenders may respond by loosening credit con-
ditions on unregulated parts of their balance sheet.

The evidence from the emerging literature on international
spillovers from macroprudential regulation is mixed. Buch and Gold-
berg (2016) report on the results of fifteen separate country stud-
ies investigating the international spillovers of prudential policy
changes, and find evidence that the effects of prudential instruments
sometimes spill over through cross-border bank lending. They show
further that bank-specific factors like balance sheet conditions and
business models are important drivers of heterogeneity in spillovers,
but by no means do they suggest that outward spillovers are a uni-
versal consequence of prudential regulation. Using aggregate cross-
border lending data, Houston, Lin, and Ma (2012) find that bank
flows are positively related to the number of activity restrictions and
the stringency of capital regulation imposed on banks in their source
country, and negatively related to restrictions and regulations in the
recipient country, suggestive of spillovers in activity towards juris-
dictions with less regulation. Ongena, Popov, and Udell (2013) show
that when more general forms of bank regulation such as barriers
to entry and restrictions on bank activity are tighter at home, a
multinational bank is more likely to have looser credit standards in
its foreign lending, prima facie evidence of an outward risk spillover
from domestic regulation.

Certain papers have shown how domestic capital tightening can
have contractionary effects on foreign lending of global banks (Aiyar
et al. 2014). In this vein, Tripathy (2017) uses municipality-level
data in Mexico to test the impact of macroprudential regulation in
Spain on the Mexican subsidiaries of Spanish banks. The research
finds that capital regulatory tightening in Spain caused a drop in the
supply of household credit in Mexico following the regulatory shock.
This “outward transmission” leads to less risk-taking abroad as a
response to domestic capital regulation, which is in direct contrast
to the cross-border “outward spillover” being tested here, where
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lenders take more risk in foreign markets in response to LTV and LTI
restrictions that have effects only in the domestic mortgage market.

The aforementioned studies all test for the presence of spillovers
from policy changes on the volume of lending. Our research differs
from the extant literature in that it explores the change in risk-taking
by explicitly measuring the LTV and LTI ratios of new loans. In this
vein our paper is close to Demyanyk and Loutskina (2016), who test
whether differences in the regulatory regime between deposit-taking
institutions and mortgage companies in the United States resulted
in regulatory arbitrage to loosen credit conditions. They find that
subsidiary mortgage companies of broader banking groups originate
riskier mortgages at looser credit conditions than their deposit-
taking arms. The argument is predicated on the fact that banks
have a particular risk appetite and, when faced with a regulatory
regime which limits risk-taking, they will find ways to circumvent
the regulations and continue to take the risk.

In addition to the aforementioned studies that directly address
spillovers from domestic financial regulations, our study is also
related to that by Reinhardt and Sowerbutts (2015), who show that
“inward spillovers” appear to be prevalent after domestic macropru-
dential regulation, in the sense that foreign bank lending to domestic
non-banks increases after a domestic macroprudential capital action.
The authors, however, find no evidence that such inward spillovers
occur when domestic product regulations such as LTV restrictions
are implemented. Our research is also linked to the burgeoning lit-
erature on the impact and effectiveness of macroprudential policies
(Cerutti, Claessens, and Laeven 2017; Cizel et al. 2016; Vandenbuss-
che, Vogel, and Detragiache 2015) and the literature considering the
impact on the mortgage market of bank capital requirements (Basten
and Koch 2015; Jimenez et al. 2017).

The paper proceeds as follows: Section 2 introduces the policy
and economic context in Ireland and the United Kingdom in the
period around the introduction of macroprudential mortgage restric-
tions by the Central Bank of Ireland; section 3 presents a model of
Irish banks’ risk-taking at home and abroad; section 4 presents a
model comparing ROI banks’ risk-taking in the United Kingdom
with that of local competitor banks; section 5 assesses the impact
of the regulations on the probability of high-risk loans being issued;
and section 6 concludes.
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2. Policy and Economic Context

2.1 Macroprudential Measures in the Irish Mortgage Market

The role played by mortgage finance in the global financial crisis has
been well documented (Adelino, Schoar, and Severino 2016; Duca,
Muellbauer, and Murphy 2010, 2011). Loosening credit standards led
to a buildup of vulnerabilities and a wave of mortgage defaults in
the United States and other markets with housing booms like Ireland
and Spain. The outcome was the onset of systemic financial crises in
these countries. To prevent a reoccurrence, macroprudential policies
on borrower credit such as LTV, LTI, and debt service limits (DSRs)
have become more common in the post-crisis era. Such measures
have been in place in many Asian economies following the finan-
cial crisis in the late 1990s into early 2000s (International Monetary
Fund 2013). However, their adoption has become more widespread
since the global financial crisis. In 2015, the European Systemic Risk
Board (ESRB) reported that a total of seventeen European coun-
tries had LTV limits in place, with a number of countries also having
income restrictions (ESRB 2016).

On February 9, 2015, the Central Bank of Ireland introduced
measures to limit the LTV and LTI ratios applying to new resi-
dential mortgage lending in the Irish republic. With many mortgage
holders struggling to meet their repayments, and an arrears rate still
among the highest in Europe, the measures were enacted with a view
to improving the resilience of households and the banking sector to
financial shocks and reducing the risk of future bank credit and house
price spirals. In Ireland, following the financial crisis, house prices
fell by between 50 and 60 percent from peak levels, while 20 percent
of mortgages were in arrears at the peak of the crisis in 2013. This
highlights the scale of the difficulties in Ireland and the requirement
for policies to safeguard financial stability into the future.

Table 1 provides an overview of the measures as they applied
to FTBs and second and subsequent buyers (SSBs) from the imple-
mentation date until the end of 2016.2 For FTBs, a sliding LTV

2In late 2016, an amendment to the regulations was announced which loos-
ened credit conditions for first-time buyers. Due to data availability at the time
of writing, this paper does not analyze developments after this announcement of
loosening, focusing instead on the initial calibration of the regulations.
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Table 1. Overview of Macroprudential Regulations for
Mortgage Lending

Loan-to-Value Primary Dwelling FTBs: Sliding LTV limit
Limits Homes from 90 percent*

SSBs: 80 percent
Loan-to-Income Primary Dwelling 3.5 times LTI limit

Limits Homes

*FTBs are allowed a 90 percent LTV up to a house value of €220,000. An 80 percent
LTV applies above this value.

limit applies, with the first €220,000 of their purchase requiring a
10 percent deposit and any balance above €220,000 requiring a 20
percent deposit. For SSBs, a maximum LTV of 80 percent applies
to all property purchases. Both borrower types are subject to an
LTI limit of 3.5 times gross income. The regulations also allow for
a certain value of new lending to exceed the limits, as it follows a
proportional allowances model. Financial institutions are permitted
to lend up to 15 percent of the value of new principal dwelling house
(PDH) lending in excess of the LTV limit and up to 20 percent
of the value of their new PDH lending in excess of the LTI limit.3

Buy-to-let investors are subject to a 70 percent LTV cap.
Our main research hypothesis predicts a spillover of risk from

the home to foreign markets as the Irish banks faced restrictions
on risk-taking activity domestically. While it is not the objective of
this paper to assess the direct impact of the introduction of mort-
gage measures in Ireland, it is important to demonstrate a material
impact of the measures in Ireland on the activity of Irish banks.
Our approach to this is twofold: first, we draw on aggregate data
to demonstrate the overall impact on mortgage lending, and second,
we draw on existing research to demonstrate the impact of the rules
on the lending conditions (LTV and LTI ratios in the market).

The introduction of the regulations in Ireland occurred in Febru-
ary 2015 and were announced to the market in October 2014 when

3Self-builds are also subject to the regulations, as are refinances/switchers
with an increase in capital. There are number of exemptions to the regulations for
negative equity loans, mortgage resolution agreements, and refinances/switchers
without an increase in capital.



276 International Journal of Central Banking October 2019

Figure 1. Growth in New Mortgages: ROI,
2013:Q1–2016:Q2

Source: Banking and Payments Federation Ireland.
Note: Vertical line indicates introduction of policy.

the central bank published research on their potential benefits (Hal-
lissey, Kelly, and O’Malley 2014) as well as opening a public con-
sultation on the proposed regulations. This move was not expected
by the market, and their unanticipated announcement represented
an exogenous change to the loan-to-value and loan-to-income lim-
its applying to new mortgage loans to a market which had not had
such a framework before. The overall result of the introduction of
the measures was a reduction in the growth rate of mortgage loans.
Figure 1 presents the growth in new mortgage drawdowns (num-
ber of loans and the value of lending) from the period 2013:Q1 to
2016:Q2 for the Irish market. The data are taken from the Banking
and Payments Federation Ireland and mainly cover the five largest
lenders in the Irish market: Allied Irish Banks (including EBS Build-
ing Society), Bank of Ireland, KBC, Permanent TSB, and Ulster
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Figure 2. Distributional Comparisons of LTV
by Buyer Type

Source: Kinghan, McCarthy, and O’Toole (2017).
Notes: Pre-policy period: 2013:Q1–2014:Q3. Post-policy period: 2015:Q1–
2016:Q2.

Bank. It can be seen that following the regulations, there was a
marked slowdown in the growth of new lending.

To explore the impact of the regulations on the actual lend-
ing conditions in the market, we draw on two research papers that
explore the changes in borrower leverage following the introduction
of the measures. Kinghan, McCarthy, and O’Toole (2016) assess the
LTV and LTI ratios in the market before and after the introduc-
tion of the regulations. They find that while on average there was
actually a small rise in the indicators, for borrowers with a high
demand for leverage,4 there were falls in both the loan-to-income
and loan-to-value ratios. For SSBs, the LTV for this group fell by
up to 4 percentage points. Further research by Kinghan, McCarthy,
and O’Toole (2017) highlights the fall for FTBs in LTV of up to
1.4 percentage points. Data in Kinghan, McCarthy, and O’Toole
(2016) also highlight a statistically significant increase in incomes for
FTBs in the market, which may be indicative of some change in bor-
rower composition. Figure 2, reproduced from Kinghan, McCarthy,
and O’Toole (2017), clearly demonstrates that the rules curbed the
upper end of the LTV distribution, thus materially tightening the
risk-taking of Irish banks.

4They define borrowers with a high demand for leverage as those with an LTV
greater than or equal to 80 percent or an LTI greater than or equal to 3.
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Figure 3. Overview of Activity in U.K. Mortgage Market

Source: Bank of England, MLAR Statistics.

2.2 The U.K. Mortgage Market and the Irish Connection

Mortgage debt in the United Kingdom accounts for approximately
two-thirds of all outstanding loans (Bank of England 2016). While
the Irish housing market suffered following the financial crisis, the
effects in the United Kingdom were much less pronounced, with
mortgage lending and house prices continuing to rise from 2013
onwards. A comparative description of house price developments for
the United Kingdom and ROI is presented in appendix 1. Figure 3
presents an overview of activity in the U.K. mortgage market from
2013 to 2016 (the period under investigation in this paper). It can
be seen that while the growth rates dropped in 2014, there has been
a marked pickup more recently. In terms of risk-taking appetite in
the United Kingdom, a majority of U.K. loans are issued at low
LTVs (less than 75 percent) and, furthermore, there has been no
discernible change in the level of LTVs on loans over the period.

Despite the relative stability in the mortgage market and the low
level of mortgage delinquencies, in June 2014 the Financial Policy
Committee of the Bank of England introduced a package of mortgage
measures aimed at insuring against the risk of a marked loosening
in underwriting standards in the owner-occupier mortgage market.5

5The Bank of England monitors delinquencies in the U.K. mortgage market
in its annual Financial Stability Reports and the level is low. Kelly and O’Toole
(2018) describe the level of delinquencies in the United Kingdom experienced by
Irish lenders.
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These measures included an affordability test and an LTI limit of
4.5 times income with a 15 percent allowance. The policies were
not meant to be currently binding in the market, and a subsequent
review of their functionality found they only had a very modest
effect, with most lenders already applying more critical tests than
the regulatory minimum (Bank of England 2016). This limit com-
pares to a much stricter regime in Ireland, which may have left open
the possibility for cross-border risk shifting such as that tested in
this paper.

In terms of the presence of Irish lenders in the United King-
dom, there has been a long tradition of Irish involvement in direct
lending in the United Kingdom which pre-dates Irish independence
and continued thereafter (McGowan 1988). This was particularly
strong in the case of Northern Ireland, with large subsidiaries of
Irish banks continuing to operate north of the border. In the case
of the banks present in our sample, Irish bank involvement in the
U.K. market in the present day is not restricted to activity in
Northern Ireland, but rather is distributed more generally across
regions.

Presently, and of critical importance for this current paper, is
that two main banking groups in Ireland (Bank of Ireland and AIB)
have considerable ongoing activities in the U.K. market. Bank of
Ireland has a particularly large presence in the United Kingdom.
Its acquisition of Bristol and West Building Society in the 1990s
gave it a foothold in the market and, currently, it lends directly
as Bank of Ireland UK but also provides savings and loans prod-
ucts through its strategic alliance with the U.K. Post Office. Using
data from its annual report, as of 2016:Q3, the total stock of
U.K. mortgage loans outstanding for Bank of Ireland was valued
at €23.8 billion, which is only marginally smaller than their Irish
portfolio with €24.4 billion outstanding. In fact, at year-end 2016,
the value of new mortgage lending was nearly two times larger in
the United Kingdom, at €2.8 billion as compared to €1.4 billion
in ROI.

For AIB, its U.K. presence is more regional, with a majority of
activity being worked through First Trust, its wholly owned sub-
sidiary in Northern Ireland. AIB also lends through AIB UK Group
directly into the U.K. market. In total, AIB held €1.5 billion worth
of U.K. mortgages outstanding.
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3. Irish Banks’ Lending at Home and Abroad

For our first empirical model, we use a simple difference-in-difference
framework with loan-level data to compare the lending activity of
Irish banks in the United Kingdom with their Irish lending before
and after the introduction of macroprudential limits on LTV and
LTI ratios in their Irish home market. This section documents the
data and results for this comparative exercise.

3.1 Data and Identification Strategy

To investigate cross-border spillovers from macroprudential mort-
gage measures, we exploit loan-level data on the activity of Irish
banks both domestically and abroad. The data come from regula-
tory loan-by-loan information that was submitted to the Central
Bank of Ireland on a six-month basis since 2010. These data cap-
ture the universe of all outstanding loans for the Irish banks. These
data were first provided as a requirement for the Prudential Capi-
tal Assessment Review (PCAR), which estimated the recapitaliza-
tion requirements of the lenders following the financial crisis. The
loan-level data (LLD) are currently collected from the five main
lenders: Allied Irish Banks (including EBS), Bank of Ireland, KBC,
Permanent TSB, and Ulster Bank.

For this particular paper, we draw on one specific drop of the
LLD which includes all loans outstanding as of June 2016 for a sub-
set of lenders with exposures in both the ROI and U.K. markets.
In the ROI mortgage market, the loans covered account for around
two-thirds of total mortgage market exposures. The data set is rich
in capturing information that is recorded at origination for the pur-
poses of credit risk assessment and lending allocation decisions. This
includes loan characteristics including loan term, LTV, LTI, inter-
est rate, interest rate type, drawn balance at origination, and loan
type as well as borrower characteristics and property characteris-
tics (price, region, dwelling type). The borrower characteristics are
income (in euros or pounds sterling), age in years, employment sta-
tus (employee, self-employed, other), and marital status (married,
single, divorced, other). The property dwelling type takes the fol-
lowing categories: detached houses, semi-detached, terraced houses,
and apartments.
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Not all of the Irish banks have lending activity in the U.K. mar-
ket. Requiring banks to have both U.K. and Irish lending leads us
to construct a pooled cross-sectional data set of all loans issued
by two Irish lenders who are active simultaneously in issuing new
loans in both the ROI and U.K. mortgage markets during our tar-
get sample period. In order to create a balanced data set around the
introduction of the macroprudential mortgage regulations in Febru-
ary 2015, we restrict the data to all loans issued between January
2013 and June 2016. Due to confidentiality constraints, we are not
able to present summary statistics for the differential trends in lend-
ing volumes and credit conditions for both lenders in the U.K. and
Irish markets, as would be normal in a setup like ours. However, we
can consult the annual report of Bank of Ireland, the largest Irish-
resident mortgage lender in the United Kingdom, which states the
following:

A key objective for 2015 was to continue to grow our mortgage
business, building on the progress we made last year. In 2015,
our new mortgage lending was GBP 3.3 billion compared with
GBP 1.8 billion in 2014.

While clearly not causal, the above statement shows that, in
aggregate terms, new lending expansion by the largest mortgage
player was indeed occurring in the first year after the introduction
of the domestic macroprudential mortgage restrictions in Ireland.

Table 2 presents summary statistics for the regression sample.
Overall, there are 60,540 mortgages issued across the two juris-
dictions by our sample banks between 2013:Q1 and 2016:Q2. The
average LTI is 2.54 across all loans, while the average LTV ratio
at origination is 72.04 percent. The average mortgage term is 290
months (24.17 years), while the average interest rate is 3.31 percent
and the average borrower age is 37.57 years. The average unemploy-
ment rate across all regions and quarters is 7.37, while the average
increase in the regional house price index from 2012:Q2 was 17.72
percent. In the second panel, we report the share of certain key
categorical variables in the total sample. 41.9 percent of all mort-
gages were issued in Dublin, London, or their surrounding commuter
regions (mideast in the ROI, southeast in the United Kingdom).
38.1 percent of mortgages were to first-time buyers, 27.2 percent to
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Table 2. Summary Statistics for ROI-UK
Regression Model

Std.
Variable N Mean Dev.

LTI 60,540 2.54 1.10
LTV (%) 60,540 72.04 18.92
Term 60,540 289.93 89.31
Interest Rate 60,540 3.31% 0.01
Age 60,540 37.57 8.32
Unemployment 60,540 7.37 2.47
House Price Index 60,540 117.72 17.10

Capital City or Commuter Belt 60,540 41.9%
First-Time Buyer 60,540 38.1%
Second and Subsequent Buyer 60,540 27.2%
Refinance 60,540 24.7%
Buy to Let 60,540 10.0%
Salaried Employee 60,540 89.6%

Notes: This table includes the summary statistics for the Irish lenders only used in
the regression sample. LTI: loan-to-income ratio; LTV: loan-to-value ratio; Term: loan
term in years. Capital city or commuter belt counties surround Dublin and London.

second and subsequent buyers, 24.7 percent for refinancing activ-
ity, and 10 percent for buy-to-let purchases. Finally, 89.6 percent of
mortgages were to salaried employees, with the remainder going to
self-employed borrowers.

Our main goal is to test how the lending standards of Irish banks
changed in the United Kingdom following the regulations in Ireland,
as measured by changes in LTV and LTI ratios. To this end, we
estimate the following equation:

Yijt = β1UK + β2Post + β3(UK × Post) + β4,5Xijt

+ β6,7Xrt + δLoanGroup + ei, (1)

where Yijt is the LTV and LTI of mortgage i which was issued in
country j in quarter t; Xijt are a set of loan-level control variables
which are not used to construct δLoanGroup, such as the loan’s inter-
est rate and term at origination; and Xrt are regionally varying
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measures of economic performance which are likely to affect the
demand for loans, such as the regional unemployment rate and the
regional house price index, based to 100 at 2012:Q1 for each region
across both jurisdictions.

δLoanGroup are a set of “loan-borrower group” fixed effects which
saturate elements of loan-specific demand for debt which are likely
to be common across borders, similar in spirit to those used by Auer
and Ongena (2016). To construct these δ, we create buckets based on
unique combinations of the following indicators for borrower types:
three borrower age groups for borrowers aged eighteen to thirty-
five, thirty-six to forty-five, and forty-six to sixty-nine; year-country
house price quartiles; year-country income quartiles; an indicator
for four property types (detached houses, semi-detached, terraced
houses, apartments); and an indicator for capital cities and their
surrounding commuter zones (taking a value of one for Dublin and
the mideast regions in ROI, and London and the (outer) southeast
regions in the United Kingdom). This leads to 2,382 groups that
are included in the final model once we exclude all cells with one
loan. The average number of loans in a cell is 351, with the median
being 107 and the maximum being 3,720. Our empirical identifi-
cation strategy relies on the assumption that, within each of these
groups, any difference in LTV or LTI across borders over time which
is not attributable to banks’ supply decisions is controlled for in the
Xijt and the Xrt.

The crux of our empirical analysis is the coefficient on (UK ×
Post). The coefficient on UK will control for any differential in LTV
or LTI between ROI and UK which is constant over the 2013–16
period; Post will control for LTI and LTV differences that are com-
mon across jurisdictions in the period before and after February 9,
2015; and the term (UK×Post) is the difference-in-difference (DiD)
coefficient that will capture the LTV or LTI differential across geo-
graphies which exists solely in the period after the introduction of
the regulations, all the time controlling for the set of Xijt, Xrt, and
δLoanGroup.

Unlike the majority of studies of the effect of policy interventions
using DiD methods, careful attention must be paid to the fact that
treated and control loans in our setting are located in different coun-
tries. As well as having different structural time-invariant features
such as preferences for homeownership, enforceability of collateral,
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Figure 4. Unemployment across the Two Jurisdictions:
2012 to 2016

and government housing market policy, loans in the treated and
control groups are also likely to be facing different aggregate eco-
nomic conditions during the period under study. To control for the
possibility that such economic factors may introduce bias into our
estimate of the treatment effect for U.K. loans issued after February
9, 2015, we include unemployment rates and house price indexes in
our models, both of which vary at the region-quarter level. Figure 4
plots the maximum, minimum, and mean unemployment rate across
Ireland’s eight NUTS3 regions from 2012 to 2016, as well as select-
ing the Dublin rate for exposition. The right-hand panel does so
similarly for the United Kingdom’s fourteen NUTS3 regions, while
selecting the London rate. The graphs show a clear improvement in
economic performance in both countries over the period, with sig-
nificant variation across regions within each country which can be
controlled for in our empirical framework.

The standard difference-in-difference model relies on the assump-
tion that while counterfactual levels of the treated and non-treated
groups can be different, their counterfactual time variation must be
similar. In the context of our current study, we need it to be the case
that in the absence of macroprudential policy in the Republic of Ire-
land, the LTV and LTI on new loans, controlling for level differences
in the outcome variable across the two jurisdictions and the set of
Xijt, Xrt, and δLoanGroup, would have evolved in the same way.

While controlling for observables can do much of the work in
ensuring that our β3 is interpretable as the difference between
ROI banks’ U.K. risk-taking under the policy versus under the
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counterfactual no-policy scenario, issues can still remain in the case
where repeated cross-sections with time-varying sample composi-
tion are being used, rather than panel data. Given that our data set
reports the profile of newly originated mortgages, a layer of complex-
ity is added, as we are not analyzing two groups of loans (treated
and control, both of which were observed before and after the pol-
icy change) but four groups of different loans (pre-policy treated,
pre-policy control, post-policy treated, post-policy control). This is
precisely the type of pooled cross-sectional data where changing sam-
ple composition can hamper the interpretation of β3 as a true DiD
coefficient. To give a concrete example, if the share of first-time buy-
ers in total originations has shifted dramatically between the pre-
and post-policy period in ROI as a result of the policy, and we run
an unweighted model to estimate β3, it may be that the DiD coeffi-
cient is actually being driven by the changing sample composition,
(with first-time buyers always being more likely to have higher-LTV
loans), rather than by true, ceteris paribus changes in risk-taking for
a given loan.

To address this issue, we use a propensity-score matching
approach to match the borrowers on observables and then use these
propensity scores to weight the DiD regression, proposed by Stu-
art et al. (2014). This involves estimation of a multinomial logit
model to deal with the four-group nature of the selection issue.
Using the estimated multinomial logit model, each observation in the
data set gets a predicted probability of being in each of the groups,
Prg(Xi): (i) pre-policy treated, (ii) pre-policy control, (iii) post-
policy treated, and (iv) post-policy control. The following inverse
probability weights are then calculated:

wi =
Pr1(Xi)
Prg(Xi)

, (2)

where 1 =

(
4∑

g=1

Prg(Xi)

)
∀i.

These weights can then be used in the DiD of equation (1) to
account for changing sample composition. All regressions run for
the remainder of this paper include weights derived from a multino-
mial logit model where a loan’s position in the above four-category
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variable is explained by dummies for salaried employee, interest
rate type (fixed versus variable), property type, within year-country
house price quartiles, within year-country income quartiles, and
buyer types (for the overall model).

3.2 Empirical Results

Table 3 provides estimates of equation (1) where Yijt is the LTV of
mortgage i issued in country j (ROI or United Kingdom) in quarter
t. The term UK ∗Post corresponds to β3 from equation (1). The inter-
pretation of the coefficient is that, controlling for a host of loan- and
household-level controls which capture the composition of lending,
as well as regional, time, and bank dummies, there is a 5.35 to 5.66
greater LTV on U.K. mortgages after the introduction of the regula-
tions. This corresponds to close to one-third of a standard deviation
of originating LTV in the estimation sample and is robust to the
inclusion of a continuous and region-varying measure of unemploy-
ment (which is measured at quarterly frequency) and house price
indexes in columns 2 and 3, both of which are expected to capture
much of the local aggregate economic developments, which could
explain diverging paths in LTV that are not due to the regulations.

We investigate where banks’ risk-taking spillovers are confined to
particular classes of borrower in columns 4–7. This breakdown sug-
gests that the largest effect is found in the first-time buyer segment
(a DiD coefficient of 6.88), where one would generally expect to find
the most credit-constrained borrowers. A large and significant esti-
mate of β3 (an LTV differential of 5.78 points) is also found in the
mover-purchaser (SSB) market. Among refinancing mortgages, the
coefficient on β3 is not statistically different from zero, whereas in
the buy-to-let market U.K. loans in the post-period are estimated to
have lower LTV, although this effect is insignificant at the 5 percent
level.

Table 4 runs the same equation with the loan-to-income (LTI)
ratio as the dependent variable. Overall, and in the SSB and refi-
nancing segments, there is in fact a negative coefficient on β3. This
implies that, in the period after the introduction of macroprudential
mortgage regulation in Ireland, LTIs on Irish banks’ mortgages grew
by a relatively larger amount in the ROI relative to the United King-
dom. These effects may possibly be explained by the fact that the
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LTI limits set by the regulation were comfortably above the typical
LTI being issued in the Irish market in 2014, meaning that there
was scope for Irish banks’ ROI LTIs to grow substantially while
remaining within the limits set by the regulations. This intuition is
confirmed in the ROI market by Kinghan, McCarthy, and O’Toole
(2016), who show that the average LTI went from 2.7 to 2.9 in the
FTB segment of the Irish mortgage market after the introduction
of the LTI limit in early 2015. The only borrower group in which
the expected risk spillover is found is the first-time buyer group, in
column 4. The estimated effect (an LTI increase of 0.3) in this case
is one-third of a standard deviation in magnitude.

Our baseline empirical specifications do not include the mortgage
interest rate as a control variable, on the basis that banks in general
price their lending products as step functions of the loan-to-value
ratio, with higher-leveraged loans paying an interest premium. Given
this schedule, there is a concern that the coefficient on the interest
rate in a model of LTV or LTI would be mechanically determined.
However, in order to confirm that our DiD results are robust to the
possibility that the interest rate is in fact an appropriate control
variable to include in the empirical models, we repeat the specifi-
cations from tables 3 and 4 with the interest rate included in all
cases. The results are reported in appendix 2 in tables 11 and 12,
and in most cases the DiD coefficients are of similar sign, magni-
tude, and statistical significance. In particular, the positive spillover
coefficient for LTV across the entire market as well as in the FTB
and SSB segments is robust, as is the LTI coefficient in the FTB
segment.

4. Comparing Irish and U.K. Banks’ Activity in the
U.K. Mortgage Market

As noted in the previous section, our difference-in-difference
approach based on comparing the Irish banks’ lending in both the
United Kingdom and Ireland requires that, in the absence of macro-
prudential policy in the Republic of Ireland, the LTV and LTI on new
loans, controlling for observables, would have evolved in the same
manner (parallel trends). This is a strong assumption and could be
violated if the lending trends in the United Kingdom were diverg-
ing from those observed in Ireland and this divergence happened
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to coincide with the introduction of limits on borrower measures in
Ireland.

To establish that the Irish banks’ risk-taking diverged from other
banks in the U.K. market after the macroprudential limits in Ireland,
the correct identification strategy would compare the risk-taking of
“treated” Irish banks with that of a “control” group of other banks,
both lending to similar borrowers in the U.K. market. This would
ensure that the overall market trends and the Irish banks’ idiosyn-
cratic risk appetite are controlled for and any difference between the
groups in the period after the Irish regulations can be attributed to
a change in the Irish banks’ behavior. In this section, we introduce
data from other U.K. lenders and attempt to empirically test this
proposition.

4.1 Data and Identification Strategy

To undertake an assessment within country for the United Kingdom,
testing whether Irish banks’ lending conditions changed following the
introduction of macroprudential regulations in their home market,
we append loan-by-loan data from a selection of U.K. lenders to our
proprietary supervisory data on the Irish banks. The data are taken
from the loan-by-loan information submitted to the European Data
Warehouse as part of the asset-backed securities collateral report-
ing requirements of the Eurosystem. We capture data from securi-
tized pools of U.K. mortgages that were submitted since 2013 and
cover loans originated from January 2013 to December 2016. The
data cover the following lending institutions: PSB, Skipton Building
Society, TSB, and Virgin Money plc.

Using the data from these banks and the Irish data, we respecify
our difference-in-difference equation as follows:

Yibt = β1ROILenders + β2Post + β3(ROILenders × Post) (3)

+ β4Xijt + γr,post + δLoanGroup + ei,

where Yibt are the LTV and LTI of mortgage i which was issued by
bank b in period t. The β1 parameter captures the difference in the
LTI and LTV for Irish banks relative to U.K. banks as measured
by the Irish bank identifier ROI Lenders. The β2 parameter cap-
tures any difference between the pre- and post-regulation periods on
average. Most importantly, the difference-in-difference parameter β3
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captures how much higher the Irish banks’ LTV and LTI levels were
in the post-regulation period.

As in equation (1), Xijt is a vector of loan-level control variables
including the interest rate type on the contract (fixed or adjustable),
and the mortgage term at origination. To purge the model of consid-
erable influences from the borrower-demand side, we also saturate
the model with the “Loan Group” fixed effects, δLoanGroup, which
are documented previously.

In our cross-country difference-in-difference setting, we required
variation at the country-time level for identification, which implied
that we could not include interaction terms between regional and
time dummies, as these would be collinear with the difference-
in-difference parameter. This motivated the inclusion of the time-
varying unemployment and house price indexes. However, in this
specification, given that we have lending by both treatment and
control banks in all regions and all time periods, we can include
interactions of regional dummies and quarterly time dummies to
purge any region-specific effects and confounding factors from the
local economies at this level of variation. We therefore include inter-
actions of regional dummies with the Post dummy to purge these
confounding factors. As before, the model is estimated using the
multinomial logit propensity-score weights.

One limitation of the control sample of other U.K. lenders is that
the data are only taken from loans that were securitized and used
as collateral for access to central bank funding. This has two limita-
tions: (i) the loans do not cover the population of mortgages in the
United Kingdom and (ii) the loans are not the full set of mortgages
issued by these institutions during this time frame. The data purely
cover the loans put into securitized pools by these banks. In this
regard, any selection biases regarding the type of loans and the insti-
tutions that are covered by this process may affect the estimation.
However, given that this is a difference-in-difference strategy, any
time-invariant selection into securitized pools is controlled for. Fur-
thermore, given the lack of any other loan-level data for the United
Kingdom to do this comparison, our use of these data to address
this research questions is still a major contribution relative to the
existing literature.

The combined data set contains approximately 80,000 observa-
tions. Summary statistics for the overall sample of U.K. and Irish
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Table 5. Summary Statistics for Within-U.K. Regression
Model

Std.
Variable N Mean Dev.

LTV (%) 79,745 64.64 20.40
LTI 79,745 2.60 1.26
Interest Rate 76,793 2.86% 0.88
Term 79,745 21.5 7.6

UKH (East of England) 79,745 7.9%
UKI (London) 79,745 15.9%
UKJ (Southeast England) 79,745 11.6%
UKK (Southwest England) 79,745 9.1%
UKL (Wales) 79,745 4.3%
UKM (Scotland) 79,745 6.4%
Other Regions 79,745 44.8%

First-Time Buyers 79,745 17.0%
Second and Subsequent Buyers 79,745 50.4%
Refinance 79,745 32.6%

Notes: Statistics cover Irish lenders’ U.K. activity and EDW U.K. bank lending
data. LTI: loan-to-income ratio; LTV: loan-to-value ratio; Term: loan term in years.

banks are included in table 5. Due to confidentiality constraints
relating to the underlying data, it is not possible to provide charts
which split out parallel trends or show the observations before and
after the policy intervention for the treated and control group, as
would be standard in this context. The mean LTV was 64 percent
and the mean LTI was 2.6. The highest share of lending took place in
the London region (UKI), with 15.9 percent of loans issued. There is
an “Other Regions” category which is constructed by the authors. A
region is placed into this category where there is no variation in the
difference-in-difference variable within this region, i.e., for a region
to be included in the model with its own fixed effect, there must be
lending by both an Irish and a U.K. bank, in both the pre- and post-
regulation periods, in that region. After applying this criterion, 44.8
percent of observations are placed into the “Other Regions” cate-
gory. Just over half of the borrowers in the sample were second and
subsequent borrowers, while 32 percent were refinancing borrowers
and approximately 17 percent were first-time buyers.
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Table 6. Difference-in-Difference LTV Model: U.K.
Lending of Irish Banks vs. U.K. Lending of Local Banks

(1) (2) (3) (4)
Baseline FTB SSB Refinance

Post × ROI Lenders 1.1021∗∗ 3.1194∗∗∗ 1.4042∗ −0.6643
(0.383) (0.430) (0.638) (0.774)

ROI Lenders 2.5019∗∗∗ 2.8897∗∗∗ 1.5531∗∗∗ 3.7255∗∗∗

(0.278) (0.367) (0.438) (0.554)
Post 4.6204∗∗∗ 3.4955∗∗∗ 4.4738∗∗∗ 5.3810∗∗∗

(0.210) (0.337) (0.332) (0.392)
Loan Term 1.1519∗∗∗ 0.5673∗∗∗ 1.2513∗∗∗ 1.4046∗∗∗

(0.024) (0.027) (0.041) (0.043)

Observations 79,745 13,586 40,195 25,964
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
“Loan Group Fixed Effect” defines the unique combinations of borrower age groups,
within-year house price quartile, within-year income quartile, and property type. In
column 1 it also distinguishes between first-time buyer, second and subsequent buyer,
and refinance transactions. The model uses a linear specification estimated by OLS.
Standard errors are robust to heteroskedasticity. Mlogit PSM weights are generated
from multinomial logit specification as described in section 3.1. Columns 2–4 esti-
mate the regression specifically on the subsamples: FTB, SSB, Refi, and Buy-to-Let
(BTL). The dependent variable is the loan-to-value ratio.

4.2 Empirical Findings

In this section, we present the main findings of the within-UK regres-
sions for LTV and LTI. In both tables, column 1 contains the overall
sample results, column 2 restricts the sample to first-time buyers
(FTB), column 3 restricts the model to second and subsequent bor-
rowers (SSBs), and column 4 estimates the model on the sample of
refinancing borrowers. In all of these specifications, we include loan
group fixed effects, region-time dummies, and loan term. All models
are also weighted using the multinomial logit probability weights to
deal with shifts in sample composition.

In column 1 of table 6, the β3 estimate suggests that Irish
banks’ LTVs grew by 1.1 percentage points more than their U.K.
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Table 7. Difference-in-Difference LTI Model: U.K.
Lending of Irish Banks vs. U.K. Lending of Local Banks

(1) (2) (3) (4)
Baseline FTB SSB Refinance

Post × ROI Lenders 0.0852∗∗∗ 0.4537∗∗∗ −0.1410∗∗∗ 0.0070
(0.023) (0.033) (0.034) (0.044)

ROI Lenders −0.0706∗∗∗ −0.1147∗∗∗ −0.0890∗∗∗ 0.0734∗

(0.016) (0.028) (0.022) (0.033)
Post −0.3610∗∗∗ −0.3779∗∗∗ −0.4628∗∗∗ −0.1943∗∗∗

(0.013) (0.024) (0.019) (0.022)
Loan Term 0.0591∗∗∗ 0.0365∗∗∗ 0.0561∗∗∗ 0.0769∗∗∗

(0.001) (0.002) (0.002) (0.003)

Observations 79,745 13,586 40,195 25,964
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
“Loan Group Fixed Effect” defines the unique combinations of borrower age groups,
within-year house price quartile, within-year income quartile, and property type. In
column 1 it also distinguishes between first-time buyer, second and subsequent buyer,
and refinance transactions. The model uses a linear specification estimated by OLS.
Standard errors are robust to heteroskedasticity. Mlogit PSM weights are generated
from multinomial logit specification as described in section 3.1. Columns 2–4 estimate
the regression specifically on the subsamples: FTB, SSB, and Refi. The dependent
variable is the loan-to-value ratio.

counterparts between the pre- and post-regulation periods. Columns
2 and 3 show that this effect was more than twice as large in the
FTB as it was in the SSB segment (3.1 versus 1.4 LTV points). This
provides further evidence that Irish banks may have targeted loos-
ened credit conditions at FTBs in the post-regulation period in the
United Kingdom, with their LTV expansion being shown here to be
greater than competitor U.K. banks. This pattern complements the
findings of the previous section, which showed that the Irish banks’
U.K. LTVs expanded by more than their ROI LTVs.

Table 7 presents the results for spillovers along the LTI channel.
In column 1 for the full sample, the parameter is positive and statis-
tically significant at the 0.1 percent level. This suggests that, in the
period following the introduction of macroprudential measures in the
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Irish mortgage market, Irish banks loosened loan-to-income ratios
for their U.K. loans relative to a sample of U.K. banks. The mag-
nitude of the coefficient suggests a 0.085 percentage point increase
in the loan-to-income ratio following the Irish regulations, which is
small relative to the sample standard deviation in originating LTI
of 1.26.

The DiD estimates in columns 2–4 suggest that the loosening
occurred in the FTB segment, and there is no evidence that a sim-
ilar loosening occurred for SSBs or refinance loans. The magnitude
of the effect for FTB is large relative to the overall effect, at 0.45
(over one-third of a standard deviation in LTI).

As in the previous section, we repeat the specifications of tables
6 and 7 while including the interest rate as a control variable, to
ensure that the results are robust to the importance of loan pric-
ing in borrowers’ LTV and LTI choices. Table 13 for LTV and table
14 for LTI (both reported in appendix 2) confirm that the direc-
tion, magnitude, and statistical significance of many of our spillover
findings are maintained when including this control variable. In par-
ticular, the credit loosening for FTBs along both the LTV and LTI
channel is robust, along with the overall LTV loosening.

5. A Focus on High-Risk Loans

We extend the analysis by moving away from estimations of lin-
ear models on changes in average LTV and LTI across groups, to
focus on the probability of high-risk loans being issued rather than
on average effects stemming from continuous variation in LTV and
LTI. From a financial stability standpoint, the share of loans being
issued in this right tail of the distribution may in fact be more rele-
vant than changes in average LTI and LTV, given the likelihood that
future defaults are concentrated in this region. In this section, we
restrict our analysis to the U.K.-only models, comparing the propen-
sity of ROI and local lenders to issue such high-risk loans before and
after the policy introduction. Tables 8 and 9 present the results of
these alternate specifications. For the dependent variable, we create
a “high-LTV” dummy variable which takes a value of one above the
LTV value of 85 percent (which covers 11.6 percent of loans issued
in our U.K. data) and a “high-LTI” dummy which takes a value of
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Table 8. Difference-in-Difference U.K. Lending Model:
Probability of High-LTV Loan Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

Post × ROI Lenders 0.1020∗∗∗ 0.1911∗∗∗ 0.0606∗∗∗ 0.0541∗∗

(0.009) (0.020) (0.011) (0.019)
ROI Lenders 0.0660∗∗∗ 0.1000∗∗∗ 0.0155∗ 0.1181∗∗∗

(0.007) (0.017) (0.008) (0.014)
Post 0.0981∗∗∗ 0.1185∗∗∗ 0.0842∗∗∗ 0.1072∗∗∗

(0.005) (0.014) (0.005) (0.010)
Loan Term 0.0144∗∗∗ 0.0191∗∗∗ 0.0067∗∗∗ 0.0211∗∗∗

(0.000) (0.001) (0.001) (0.001)

Observations 79,745 13,586 40,195 25,964
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
“Loan Group Fixed Effect” defines the unique combinations of borrower age groups,
within-year house price quartile, within-year income quartile, and property type. In
column 1 it also distinguishes between first-time buyer, second and subsequent buyer,
and refinance transactions. The model uses a linear specification estimated by OLS.
Standard errors are robust to heteroskedasticity. Mlogit PSM weights are generated
from multinomial logit specification as described in section 3.1. Columns 2–4 estimate
the regression specifically on the subsamples: FTB, SSB, and Refi. The dependent
variable is the dummy for loan-to-value > 85 percent.

one above a value of 4 (which covers 14.3 percent of our sample). A
linear probability model is then run for both LTV and LTI in much
the same format as the specifications of tables 6 and 7.

The results of table 8 suggest that, when measured in this dis-
crete way, spillover effects are present in all columns 1–4. According
to our DiD specification, Irish banks in the post-regulation period
were 10 percentage points more likely than their U.K. counterparts
to issue a high-LTV loan to a similar borrower, with this effect being
of the magnitude of 19 percentage points in the FTB segment and
6 percentage points in the SSB segment (with all three effects being
precisely estimated at 99 percent or better). For refinancing mort-
gages, the effect of 5.4 percent is statistically significant at the 5
percent level.
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Table 9. Difference-in-Difference U.K. Lending Model:
Probability of High-LTI Loan Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

Post × ROI Lenders 0.1028∗∗∗ 0.1817∗∗∗ 0.0452∗∗∗ 0.1038∗∗∗

(0.007) (0.019) (0.006) (0.012)
ROI Lenders −0.0379∗∗∗ −0.0860∗∗∗ −0.0215∗∗∗ −0.0136

(0.005) (0.015) (0.004) (0.009)
Post −0.1230∗∗∗ −0.1977∗∗∗ −0.0695∗∗∗ −0.1460∗∗∗

(0.004) (0.012) (0.005) (0.007)
Loan Term 0.0089∗∗∗ 0.0117∗∗∗ 0.0053∗∗∗ 0.0114∗∗∗

(0.000) (0.001) (0.000) (0.001)

Observations 79,745 13,586 40,195 25,964
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
“Loan Group Fixed Effect” defines the unique combinations of borrower age groups,
within-year house price quartile, within-year income quartile, and property type. In
column 1 it also distinguishes between first-time buyer, second and subsequent buyer,
and refinance transactions. The model uses a linear specification estimated by OLS.
Standard errors are robust to heteroskedasticity. Mlogit PSM weights are generated
from multinomial logit specification as described in section 3.1. Columns 2–4 estimate
the regression specifically on the subsamples: FTB, SSB, and Refi. The dependent
variable is the dummy for loan-to-income > 4.

Table 9 repeats the specification of table 8 for the loan-to-income
channel. The probability of a high-LTI loan is shown to be higher
for the Irish lenders in the post-regulation period in all models. The
overall effect of a 10 percentage point higher probability is broken
out into an 18 percentage point difference in the FTB segment and
a 4.5 and 10.4 percentage point differential in the SSB and refinance
segments, respectively.

A final specification looks at high-risk loans along both the LTV
and LTI channels. In table 10, we define a high-risk loan to be a loan
with both an LTI greater than 4 and an LTV above 85 percent. Run-
ning a similar model to the previous two tables with this dependent
variable yields familiar results: for the first-time buyer segment, the
probability of a high-risk loan is 27 percent higher for ROI banks
in the post-period than for competitor domestic banks. Statistically
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Table 10. Difference-in-Difference U.K. Lending Model:
Probability of Combined High-LTI/High-LTV Loan

Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

Post × ROI Lenders 0.1582∗∗∗ 0.2776∗∗∗ 0.1057∗∗∗ 0.1111∗∗∗

(0.010) (0.020) (0.013) (0.020)
ROI Lenders 0.0297∗∗∗ 0.0256 −0.0056 0.0916∗∗∗

(0.007) (0.017) (0.008) (0.015)
Post −0.0157∗∗ −0.0585∗∗∗ 0.0124 −0.0223

(0.006) (0.016) (0.007) (0.012)
Loan Term 0.0194∗∗∗ 0.0219∗∗∗ 0.0119∗∗∗ 0.0277∗∗∗

(0.001) (0.001) (0.001) (0.001)

Observations 79,745 13,586 40,195 25,964
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: High LTI is defined as above 4; high LTV is defined as above 85 percent.
Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001. “Loan
Group Fixed Effect” defines the unique combinations of borrower age groups, within-
year house price quartile, within-year income quartile, and property type. In column
1 it also distinguishes between first-time buyer, second and subsequent buyer, and
refinance transactions. The model uses a linear specification estimated by OLS. Stan-
dard errors are robust to heteroskedasticity. Mlogit PSM weights are generated from
multinomial logit specification as described in section 3.1. Columns 2–4 estimate the
regression specifically on the subsamples: FTB, SSB, and Refi.

significant effects of 10.6 and 11 percent are found in the SSB and
refinance segments of the market also.

As with previous regression tables, the results of tables 8 and 9
are shown to be robust to the inclusion of the interest rate control in
tables 15 and 16 in appendix 2. In all cases, the DiD parameters do
not change materially in either magnitude or significance depending
on the inclusion or exclusion of r.

6. Conclusion

In this paper, using loan-level data on mortgages from Irish-
headquartered banks active in both the Republic of Ireland and the
United Kingdom, coupled with loan-level data on U.K.-only lenders,
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we test whether there was a change in risk-taking by Irish banks in
the United Kingdom following the introduction of macroprudential
regulations in Ireland. Our method deploys two separate difference-
in-difference (DiD) estimations to test whether Irish banks loosened
their LTV and LTI ratios abroad following a regulatory tightening
of these lending standards at home.

We find evidence that, relative to the control group of local unaf-
fected U.K. mortgage lenders, the probability of a high-risk loan (a
loan with both a high LTI and high LTV) being issued by an Irish
mortgage lender in the United Kingdom increased by 28 percent in
the first-time homebuyer segment after the policy introduction. The
effect is estimated to be smaller, yet sizable, at 11 percent in the
mover-purchaser and refinance segments.

While our estimates show that risk-taking of Irish banks in the
U.K. market was higher after the introduction of domestic restric-
tions on mortgage lending, particularly in the first-time buyer seg-
ment of the market, these findings do not imply that the policy
instruments were ineffective. The stated aims of the macropruden-
tial mortgage restrictions introduced in Ireland in February 2015
were not to improve banks’ capital adequacy, but rather to ensure
the resilience of Irish households to potential adverse developments
in the housing market, as well as to dampen the procyclical rela-
tionship between credit and house prices in Ireland. The findings
presented in this paper are consistent with the introduced policy
meeting its stated aims. The implications of the results suggest that
other capital-based regulatory tools that focus on the entire balance
sheet of regulated entities may be warranted in conjunction with
such product-specific mortgage measures in order to account for the
potential for spillovers such as those identified here.

The potential need for international coordination in financial reg-
ulation has been recognized in academic and policy literature for
quite some time. Referring to patterns of Japanese bank penetra-
tion into the U.S. banking market in the 1990s, Acharya (2003) sug-
gests that uneven application of financial regulation (or “regulatory
forbearance” in the terminology of the paper) may have provided
Japanese banks with a competitive advantage in the ability to take
risk. His paper points out that the presence of such variation in
regulatory forbearance has the potential to undermine the interna-
tional coordination efforts on other policy levers such as Basel capital
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adequacy ratios. Vinals and Nier (2014) provide an overview of the
issues at play in the international spillover debate, with a focus on
the potential for international spillovers given the highly intercon-
nected nature of the global financial system. They also point out
that, unlike in the case of the countercyclical capital buffer where
Basel Committee members are expected to act in a reciprocal way
once an individual country applies the buffer, many other macropru-
dential instruments such as LTV and LTI restrictions do not have
provisions in place to allow for such international coordination. Our
research presents further evidence of the need to understand banks’
international activities and, where possible, to ensure reciprocity
and coordination in the implementation of macroprudential policies.
Without such coordination, risks may continue to build.

Appendix 1. Macroeconomic Context

Figure 5 indexes the house price index of each region to its level in
2012:Q1, and shows again that there has been significant variation
in the evolution of house prices since the tail-end of the crisis period
in both jurisdictions. In particular, the disproportionately strong
house price growth of both capital cities is evident in both panels,
while in Ireland’s case the worst-performing region had not even
reached its 2012:Q1 level by 2016:Q2. In the United Kingdom, the
London house price index had grown by just over 60 percent during
the period, while the slowest-growing region by comparison was less
than 5 percent above its opening level. Such geographic disparities
are an important part of the setting for our study, with the graphs
indicating that it is crucial that time-varying regional developments
are controlled for before our DiD model can be reliably interpreted.
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Figure 5. Regional House Prices, Indexed to 2012:Q1:
2012 to 2016
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Table 13. Within-U.K. Difference-in-Difference Model:
Loan-to-Value Ratios

(1) (2) (3) (4)
Baseline FTB SSB Refinance

ROI Lenders 2.9460∗∗∗ 3.1703∗∗∗ 2.6185∗∗∗ 3.4490∗∗∗

(0.283) (0.334) (0.455) (0.547)
Post 4.5545∗∗∗ 3.3529∗∗∗ 4.4687∗∗∗ 5.2860∗∗∗

(0.207) (0.315) (0.329) (0.388)
ROI Lenders × Post 0.1619 1.9254∗∗∗ 0.3038 −1.1627

(0.366) (0.390) (0.590) (0.749)
Current Interest Rate 2.8149∗∗∗ 4.6687∗∗∗ 2.5625∗∗∗ 2.1300∗∗∗

(0.152) (0.113) (0.245) (0.286)
Loan Term 1.1154∗∗∗ 0.4258∗∗∗ 1.2340∗∗∗ 1.3860∗∗∗

(0.025) (0.026) (0.041) (0.044)

Observations 79,745 13,586 40,195 25,964
Loan Group FE Yes Yes Yes Yes
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 14. Within-U.K. Difference-in-Difference Model:
Loan-to-Income Ratios

(1) (2) (3) (4)
Baseline FTB SSB Refinance

ROI Lenders −0.0927∗∗∗ −0.1139∗∗∗ −0.2090∗∗∗ 0.0879∗∗

(0.016) (0.028) (0.022) (0.032)
Post −0.3578∗∗∗ −0.3782∗∗∗ −0.4622∗∗∗ −0.1893∗∗∗

(0.013) (0.024) (0.019) (0.022)
ROI Lenders × Post 0.1320∗∗∗ 0.4506∗∗∗ −0.0171 0.0330

(0.021) (0.033) (0.031) (0.042)
Current Interest Rate −0.1401∗∗∗ 0.0122 −0.2886∗∗∗ −0.1114∗∗∗

(0.009) (0.010) (0.013) (0.015)
Loan Term 0.0609∗∗∗ 0.0361∗∗∗ 0.0581∗∗∗ 0.0779∗∗∗

(0.001) (0.002) (0.002) (0.003)

Observations 79,745 13,586 40,195 25,964
Loan Group FE Yes Yes Yes Yes
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: Standard errors are in parentheses. *p < 0.05, **p < 0.01, ***p < 0.001.
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Table 15. Difference-in-Difference U.K. Lending Model:
Probability of High-LTV Loan Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

ROI Lenders 0.0849∗∗∗ 0.1141∗∗∗ 0.0438∗∗∗ 0.1063∗∗∗

(0.007) (0.015) (0.008) (0.014)
Post 0.0953∗∗∗ 0.0113∗∗∗ 0.0840∗∗∗ 0.1032∗∗∗

(0.005) (0.013) (0.005) (0.010)
ROI Lenders × Post 0.0620∗∗∗ 0.1310∗∗∗ 0.0314∗∗ 0.0327

(0.009) (0.018) (0.010) (0.019)
Current Interest Rate 0.1198∗∗∗ 0.2348∗∗∗ 0.0681∗∗∗ 0.0914∗∗∗

(0.004) (0.005) (0.005) (0.007)
Loan Term 0.0128∗∗∗ 0.0120∗∗∗ 0.0063∗∗∗ 0.0203∗∗∗

(0.001) (0.001) (0.001) (0.001)

Observations 79,745 13,586 40,195 25,964
Loan Group FE Yes Yes Yes Yes
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: High LTV is defined as above 85 percent. Standard errors are in paren-
theses. *p < 0.05, **p < 0.01, ***p < 0.001. “Loan Group Fixed Effect” defines
the unique combinations of borrower age groups, within-year house price quartile,
within-year income quartile, and property type. In column 1 it also distinguishes
between first-time buyer, second and subsequent buyer, and refinance transactions.
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Table 16. Difference-in-Difference U.K. Lending Model:
Probability of High-LTI Loan Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

ROI Lenders −0.0387∗∗∗ −0.0867∗∗∗ −0.0245∗∗∗ −0.0123
(0.005) (0.015) (0.004) (0.008)

Post −0.1229∗∗∗ −0.1974∗∗∗ −0.0695∗∗∗ −0.1455∗∗∗

(0.004) (0.012) (0.005) (0.007)
ROI Lenders × Post 0.1046∗∗∗ 0.1845∗∗∗ 0.0482∗∗∗ 0.1062∗∗∗

(0.007) (0.019) (0.006) (0.012)
Current Interest Rate −0.0055∗∗ −0.0107 −0.0072∗∗∗ −0.0101∗∗

(0.002) (0.006) (0.002) (0.003)
Loan Term 0.0090∗∗∗ 0.0120∗∗∗ 0.0054∗∗∗ 0.0115∗∗∗

(0.000) (0.001) (0.000) (0.001)

Observations 79,745 13,586 40,195 25,964
Loan Group FE Yes Yes Yes Yes
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: High LTI is defined as above 4. Standard errors are in parentheses. *p < 0.05,
**p < 0.01, ***p < 0.001. “Loan Group Fixed Effect” defines the unique combina-
tions of borrower age groups, within-year house price quartile, within-year income
quartile, and property type. In column 1 it also distinguishes between first-time buyer,
second and subsequent buyer, and refinance transactions.
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Table 17. Difference-in-Difference U.K. Lending Model:
Probability of Combined High-LTV/High-LTI Loan

Being Issued

(1) (2) (3) (4)
Baseline FTB SSB Refinance

ROI Lenders 0.0449∗∗∗ 0.0364∗ 0.0196∗ 0.0825∗∗∗

(0.007) (0.016) (0.009) (0.015)
Post −0.0180∗∗ −0.0639∗∗∗ 0.0123 −0.0254∗

(0.006) (0.015) (0.007) (0.011)
ROI Lenders × Post 0.1262∗∗∗ 0.2319∗∗∗ 0.0796∗∗∗ 0.0947∗∗∗

(0.010) (0.019) (0.012) (0.020)
Current Interest Rate 0.0959∗∗∗ 0.1788∗∗∗ 0.0607∗∗∗ 0.0699∗∗∗

(0.004) (0.005) (0.006) (0.007)
Loan Term 0.0181∗∗∗ 0.0165∗∗∗ 0.0114∗∗∗ 0.0271∗∗∗

(0.001) (0.001) (0.001) (0.001)

Observations 79,745 13,586 40,195 25,964
Loan Group FE Yes Yes Yes Yes
Of Which No. FE 714 192 192 192
Region * Post FE Yes Yes Yes Yes
Mlogit PSM Weights Yes Yes Yes Yes

Notes: High LTI is defined as above 4. Standard errors are in parentheses. *p < 0.05,
**p < 0.01, ***p < 0.001. “Loan Group Fixed Effect” defines the unique combina-
tions of borrower age groups, within-year house price quartile, within-year income
quartile, and property type. In column 1 it also distinguishes between first-time buyer,
second and subsequent buyer, and refinance transactions.
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