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Are Low Real Interest Rates Here to Stay?∗

Lukasz Rachel and Thomas D. Smith
Bank of England

Long-term real interest rates across the world are low,
having fallen by about 450 basis points (bps) over the past
thirty years. To understand whether low real rates are here
to stay, we need to understand what has caused the decline.
The co-movement in rates across both advanced and emerg-
ing economies suggests a common driver: the global neu-
tral real rate may have fallen. In this paper we attempt to
identify which secular trends could have driven such a fall.
Although there is huge uncertainty, under plausible assump-
tions we think we can account for around 400 bps of the 450
bps fall. Our quantitative analysis highlights slowing global
growth expectations as one force that may have pushed down
on real rates recently, but shifts in saving and investment pref-
erences appear more important in explaining the long-term
decline. We think the global saving schedule has shifted out
in recent decades due to demographic forces, higher inequal-
ity, and, to a lesser extent, the glut of precautionary saving
by emerging markets. Meanwhile, desired levels of investment
have fallen as a result of the falling relative price of capi-
tal, lower public investment, and an increase in the spread
between risk-free and actual interest rates. Looking ahead,
in the absence of sustained changes in policy, most of these
forces look set to persist, and some may even build further.
This suggests that the global neutral rate may remain low
and perhaps settle at around 1 percent in the medium to

∗This paper is based on material from Bank of England Staff Working Paper
No. 571 (Rachel and Smith 2015), which contains additional detail, charts,
and analysis. The views expressed in this paper are those of the authors and
not necessarily those of the Bank of England or its committees. We would
like to thank Scott Simmons for his research assistance during the project
and colleagues in the Bank of England’s International Directorate for helpful
comments. All remaining errors and omissions are our own. Author e-mails:
lukasz.rachel@bankofengland.co.uk, thomas.smith@bankofengland.co.uk.
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long run. If true, this will have widespread implications for
policymakers—not least in how to manage the business cycle
if monetary policy is frequently constrained by the zero lower
bound.

JEL Codes: E02, E10, E20, E40, E50, E60, F00, F41, F42, F47,
J11, O30, O40.

1. Introduction

The downward trend in long-term risk-free interest rates is not a
new phenomenon. Alan Greenspan famously highlighted the decline
in long-term U.S. bond yields in 2005, which occurred despite the
Federal Reserve tightening policy. As Greenspan noted, while the
downward trend in yields was clear, the explanations for the fall were
not—it was a “conundrum.” This conundrum is not unique to the
United States either. Since the 1980s, market measures of long-term
risk-free real interest rates have declined by around 450 bps across
both emerging and developed economies (figure 1). Although there
is a lot of variation across countries, the presence of a discernible
common trend suggests that global factors are at work.

The decline in global real interest rates has largely occurred
against a backdrop of low and stable inflation with little sign of
demand overheating. This suggests that the sustained fall in long-
term market rates is symptomatic of a fall in the global neutral rate.
The global neutral rate is an important policy variable, as it acts as
an anchor for a country’s equilibrium real rate in the long run.1

The purpose of this paper is to contribute to the wider debate
about why the global neutral rate may have fallen and what may
happen going forward (Summers 2014a, 2014b). Our main contribu-
tions are twofold: first, we assemble a rich collection of global data
to analyze the main secular trends that could be driving the global
neutral real rate. Second, we develop a simple accounting framework
to quantify the relative importance of these trends in a coherent way.
We then use these insights to explain the fall in the global neutral

1For a great overview of the importance of the equilibrium rate for policy, see
Fischer (2016).
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Figure 1. Comparison of Real Interest Rates
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Notes: The “world” real rate (solid black line) is taken from King and Low (2014)
and shows the average ten-year yield of inflation-linked bonds in the G7 coun-
tries (excluding Italy) over the period 1985–2013. This line has been extended
back to the start of the 1980s (dashed black line) using a simple regression link-
ing it to movements in UK ten-year nominal yields and RPI inflation. The solid
and dotted grey lines show simpler measures of real rates for different country
groups, calculated as the nominal yield on ten-year sovereign bonds minus one-
year-ahead inflation expectations from Consensus Economics. Figures have been
GDP-weighted together for twenty advanced economies (solid grey) and seventeen
emerging markets (dotted grey).

rate in the past, and offer a prediction of how the neutral rate could
evolve in the future.

The global neutral rate is largely determined by expectations
of global trend growth and other factors shaping preferences for
desired saving and investment. We analyze each in turn. First we
use a modified growth-accounting framework to analyze the vari-
ous secular trends that could be affecting global growth. Then we
use a simple saving-investment framework to analyze global shifts in
desired saving and investment to analyze how changes in preferences
could have affected the neutral rate.

Although changes in global trend growth are probably the most
commonly cited driver of changes in real interest rates, we find it dif-
ficult to account for much (if any) of the pre-crisis fall in global real
rates by just appealing to past changes in growth—global growth
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was fairly steady in the pre-crisis decades.2 However, the financial
crisis does appear to have triggered a wider reassessment of growth
prospects, and lower expectations of future growth seem to be play-
ing a role in driving the more recent decline in real rates. Our analysis
suggests that slower global labor supply growth (due to demographic
forces) and headwinds at the technological frontier (such as a plateau
in educational attainment) may cause global growth to slow by up
to 1 percentage point (pp) over the next decade. We think expecta-
tions of this decline could account for about 100 bps of the fall in
real rates seen recently.

Shifts in the balance of desired saving and investment appear
quantitatively even more important than changes in growth expec-
tations. Our analysis suggests that the desired saving schedule has
shifted out materially due to demographic forces (90 bps of the fall
in real rates), higher inequality within countries (45 bps), and a
preference shift towards higher saving by emerging market govern-
ments following the Asian crisis (25 bps). If this had been the whole
story, we would have expected to see a steady rise in actual saving
rates globally. But global saving and investment ratios have been
remarkably stable over the past thirty years, suggesting that desired
investment levels must have also fallen. We pin this decline in desired
investment on a fall in the relative price of capital goods (accounting
for 50 bps of the fall in real rates) and a preference shift away from
public investment projects (20 bps). Also, we note that the rate of
return on capital has not fallen by as much as risk-free rates. The
rising spread between these two rates has further reduced desired
investment and risk-free rates (by 70 bps). Together these effects
can account for 300 bps of the fall in global real rates.

When combined, lower expectations for trend growth and shifts
in desired saving and investment can account for about 400 bps of
the 450 bps decline in the global long-term neutral rate since the
late 1980s. Even more difficult than accounting for the past is pre-
dicting what might happen from here. Absent major policy changes,
our analysis suggests that many of these secular trends look likely
to persist and some may even build further. If so, the global neutral

2This is consistent with the finding that historically there is only a weak rela-
tionship between realized GDP growth and the real interest rate—see Hamilton
et al. (2015).
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rate may stay low, settling at around 1 percent over the medium to
long run.

The rest of this paper is structured as follows. Section 2 starts
by describing the concept of the global neutral rate as a long-run
anchor for country-specific equilibrium policy rates and the data we
use to measure movements in the neutral rate over time. Section
3 discusses the role of economic growth in driving real rates over
the past and future. Section 4 analyzes the role of shifts in desired
saving and investment as a driver of real rates. Finally, section 5
concludes.

2. Concept and Data

In order to analyze changes in the (unobservable) global neutral
rate over time, we need to define what the global neutral rate is and
establish an empirical basis for how it has moved.

We define the global neutral rate as the rate to which country-
specific equilibrium rates will converge in the long term, absent dis-
tortions and shocks. Put differently, the global neutral rate acts as
an anchor for equilibrium real rates in open economies.3 In real-
ity, plenty of distortions and shocks will drive a wedge between
country-specific real rates and this long-term anchor. These can be
divided into global factors and country-specific factors.4 Among the
global factors, it is useful to distinguish between persistent head-
winds that can take several years or even decades to subside (such
as the global deleveraging process under way since the crisis) and
short-run global cyclical factors (such as global credit conditions or
levels of confidence).5 Among the country-specific factors, a coun-
try’s cyclical position could drive a country’s real rates temporarily
higher or lower than the global level. Additionally, a country’s struc-
tural characteristics—such as its demographic structure, its trend

3See Mendes (2014) for an intuitive exposition of the model where a small
open economy is a price taker in the global market.

4See Mishkin (1984) for evidence of how country-specific risk factors have
prevented equalization of real returns across countries.

5The evolution of the global neutral real rate since the global financial crisis
is particularly uncertain because it is too early to tell how much of the most
recent decline is cyclical, and hence will prove temporary, or persistent, but not
reflective of the long-term neutral rate.
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rate of productivity growth, or the quality of its institutions—may
drive individual country rates persistently above or below global R*.
An individual country’s monetary policy stance can also temporar-
ily drive a wedge between a country’s equilibrium real rate and the
actual (real) policy rate.6

In this paper we use ten-year government bond yields, adjusted
for inflation, as an indicator for how the global neutral rate has
moved over time. These market measures are subject to the same
shocks and distortions as those for country-specific equilibrium rates
(highlighted above) as well as others such as the impact monetary
policy regime shifts can have on term premia and distortions spe-
cific to government bond markets. To account for such distortions,
we make a number of adjustments in our analysis.

To smooth out the effect from country-specific factors, we focus
our analysis on global measures of real rates aggregated across coun-
tries. To sidestep cyclical issues, we focus our analysis on very low
frequency movements in global data. For example, in section 3 we
consider five-year averages of the global growth rate, and in section 4
we focus primarily on decade averages of the real interest rate. To
avoid the impact that monetary policy regime shifts may have had
on term premia, we focus our analysis on explaining changes in real
rates since the average of the 1980s, rather than the 1980s peak. The
average of the 1980s also corresponds to the point where real rates
hovered in the early 1990s, which is after many of the largest mone-
tary policy regime shifts had occurred (see International Monetary
Fund 2014b).7

6For a model-based estimate of the equilibrium real interest rate which is sim-
ilar in spirit to what we focus on in the present paper, see Bomfim (1997). For
an example of how the equilibrium rate features in policy briefings and delib-
erations, see the Federal Open Market Committee briefing documents available
at https://www.federalreserve.gov/monetarypolicy/files/fomc20010515bluebook
20010510.pdf.

7In principle, long-term forward rates would be a better market measure to
use in this analysis than long-term spot rates, as forward rates exclude some of
the distortions associated with term premia. A lack of historical data on forward
rates across countries hinders such analysis at the global level, but King and
Low (2014) show that for countries where data are available (such as the United
Kingdom), forward rates have tended to co-move with spot rates over the past
thirty years.
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Changes to the structure of government bond markets could also
have affected long-term yields over time. Over the past thirty years
there have been significant shifts in both the demand and supply
of government bonds. In the decades before the crisis, the supply of
high-quality government debt increased steadily. This rise in supply
was partly met by increased demand for safe assets by emerging mar-
ket governments, but in net terms the supply of safe assets increased
in the decades before the crisis, potentially putting upward pressure
on government bond yields and counteracting some of the fall in long
rates observed in the data. However, since the crisis that picture has
changed markedly. Deteriorating fiscal positions and ratings down-
grades have seen the supply of high-quality debt fall sharply, while
demand for safe assets has risen as a result of permanent regulatory
changes and cyclical central bank action. This suggest that since the
crisis it may well be true that the net supply of safe assets has dete-
riorated (Caballero and Farhi 2013), and this may have contributed
to the fall in actual real interest rates seen recently. However, we
still need to appeal to other factors to explain the steady decline in
real rates before the crisis and arguably some of the fall since—as
highlighted in sections 3 and 4 below.

Another potential issue with market measures of global real rates
based on long-term bond yields is that they are affected by low short-
term interest rates. Some have even argued that “global rates are
low because monetary policy is loose.” If this were the case, low rates
would not pose a policy dilemma. The solution would be trivial and
the downward trend in long rates would simply reverse when cen-
tral banks tightened policy. But as Bernanke (2015a) and Broadbent
(2014) have pointed out, this view of the world is unlikely to be cor-
rect, as the decline in actual real interest rates has occurred against a
backdrop of contained inflation with little sign of exuberant demand
growth. Indeed, global growth and inflation have, if anything, dis-
appointed in the most recent recovery, despite policy rates being
historically low. This suggests that observable interest rates have
merely followed their unobservable “equilibrium” counterparts—if
policy had been tighter, inflation would have been lower and demand
would have been too weak to deliver full employment. Ever looser
monetary policy is not the cause but the consequence of the fall in
long-term rates.
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This intuition has been formalized in econometric models, which
aim to extract measures of equilibrium interest rate from observed
data. Laubach and Williams (2003) perform this sort of exercise for
the United States and find that U.S. R* has declined by around
450 bps since the 1960s, and by around 300 bps since the 1980s.
The authors suggest that secular trends related to changes in trend
growth and shifts in saving and investment preferences are responsi-
ble for this decline—not monetary policy. We use a similar taxonomy
in our analysis at the global level: section 3 focuses on growth and
section 4 on preferences.

3. Global Growth and Real Interest Rates

One of the most frequently cited drivers of changes in real interest
rates is changes in trend growth. Before analyzing how global trend
growth might have changed, it is worth dwelling on how changes
in growth affect real rates. The Euler equation in the neoclassical
model pins down the real rate by time preferences, the pace of tech-
nological progress, and, in some formulations, population growth
(equation (1)).

r∗ = q/σ + θ + (α · n), (1)

where r∗ is the real interest rate consistent with inflation at
target and zero output gap in the long run; σ is household’s
intertemporal elasticity of substitution in consumption (preference
for smoothed consumption); q is the rate of labor-augmenting tech-
nological change; θ is household’s rate of time preference (patience);
n is the rate of population growth; and α is the coefficient on the
rate of population growth.8

The preference parameters are particularly noteworthy, as they
affect the link between growth and real rates. Estimates of these
parameters are difficult to obtain, but one meta-study by Havranek
et al. (2015) suggests that the global average for σ (household prefer-
ences for smoothed consumption) could be around 0.5. This implies

8The infinite-horizon representative-agent Ramsey model does not include
population growth in the steady-state real rate formulation. But there may be
good reasons to include it (e.g., see Baker, Delong, and Krugman 2005).
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that the mapping between productivity growth and real rates may
not be one-for-one, but potentially one-for-two, i.e., a 1 pp fall in
productivity growth could lead to a 2 pp fall in real rates.

The link between population growth (n) and real interest rates is
even less certain. The standard neoclassical model does not include
population growth as a driver of real interest rates at all (so α = 0).
Yet excluding population growth entirely from the analysis seems
an omission. Alvin Hansen’s (1934, 1938) original secular stagna-
tion hypothesis emphasized the role of population growth in driving
down the rate of return on capital. Baker, Delong, and Krugman
(2005) have since argued along similar grounds, noting that in some
models (such as the Solow model) population growth plays a role in
determining real interest rates. If labor and capital are complements,
then slower population growth should reduce the marginal product
of capital, as firms have fewer workers to get the best out of their
machines. As a result, slower population growth should mean the
rate of return on capital falls, pushing down real interest rates. Given
the lack of empirical estimates for α, we assume there is some role
for population growth in driving real interest rates but a one-to-one
mapping is likely to be an upper bound (i.e., α ≤ 1).

It is difficult to account for much (if any) of the pre-crisis fall
in real rates by just appealing to past changes in growth, because
global growth was fairly steady in the pre-crisis decades—averaging
3 to 4 percent per year. However, the crisis itself may have triggered
a broader reassessment of trend growth expectations. And greater
pessimism about future growth could be playing an important role
in driving the decline in real rates we have seen most recently.

Broadly speaking, there are three factors that might lead trend
growth to weaken over the future: (i) a reduction in labor sup-
ply growth; (ii) a slower rate of catchup in emerging markets; and
(iii) weaker growth at the technological frontier. So how pessimistic
should we be about each?

3.1 Labor Supply

Growth in global labor supply peaked at just over 2 percent in
the 1980s as the demographic dividend from the post-war baby
boom (and falling mortality rates in emerging market economies)
fed through to the labor market. Since then, the pace of global



10 International Journal of Central Banking September 2017

Figure 2. Global Population Growth
and Labor Supply Growth
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labor force growth has slowed by a third, reducing its contribution
to global GDP growth by around 1 pp (figure 2).

The age structure of the population means further falls are likely:
global population growth slowed sharply in the mid-1990s, and that
effect is now feeding through to global labor supply (figure 2). Expec-
tations of slower labor supply growth could reduce global growth by
around 0.5 pp over the next decade. As noted earlier, the mapping
from labor force growth to real rates is highly uncertain (α in equa-
tion (1) is unknown). If we assume a mapping of one-to-one as an
upper bound between labor force growth and real rates (i.e., α ≤ 1),
this would suggest that expectations of slower labor force growth
could account for up to 50 bps of the fall in real rates we have seen.

Slower labor supply growth could also have wider effects on eco-
nomic growth and real rates via productivity spillovers—boosting
productivity by alleviating resource constraints or reducing produc-
tivity by reducing the returns to innovation (see Kuznets’s seminal
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1960 paper for a discussion). However, given that the effects can go
both ways, we do not explicitly account for these additional spillovers
here.

3.2 Catchup Growth

Another driver of global growth is productivity catchup. As coun-
tries accumulate more capital and improve efficiency by adopting
the latest technologies from overseas, productivity per worker rises.
In the early 2000s, rapid catchup growth among Asian economies
boosted global growth significantly, offsetting the impact of slowing
labor force growth.

Given that the pace of catchup has accelerated in recent years, it
seems implausible that slower convergence has been a key driver of
the steady decline in real interest rates we have seen over the past
few decades. That said, the robust rate of catchup growth seen in
the early 2000s is relatively unusual when compared with a broader
sweep of history (figure 3). Between 1980 and 2010, GDP per capita
growth in the United States (widely used as a proxy for the techno-
logical frontier) was actually faster than the average across the rest
of the world in fifteen out of thirty years—so the rest of the world
spent just as long falling further behind the frontier as catching up.

The difficult question is what will happen to the pace of catchup
going forward. In order for the recent positive trend to continue,
many emerging markets will need to overcome the middle-income
trap and continue to avoid geopolitical and financial crises. There
are some grounds for optimism on that front. The unusually rapid
growth of many emerging markets earlier this century shows that it
is possible for sustained periods of catchup to take place. In addition,
the rising importance of digital technologies in driving innovation,
combined with the spread of the Internet and other communica-
tion technologies (e.g., distance learning), means it is now easier for
ideas and skills to be shared across borders more quickly. On the
other hand, the mixed performance of the 1980s and 1990s, com-
bined with ongoing concerns about the stability of China’s financial
system and the rise of emerging market indebtedness, suggests that
a more gloomy outlook is possible (at least in the near term).

We take a neutral view and assume that the contribution of
catchup growth to global growth remains stable at its average rate
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Figure 3. GDP per Capita by Region Relative
to the United States
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of the past twenty years—so not as fast as the early 2000s, but not
as slow as the 1990s either. This equates to catchup growth contin-
uing to add 1 pp to global growth per year and means we do not
think the decline in global real interest rates is driven by slowing
expectations of the pace of convergence.

3.3 Growth at the Technological Frontier

The other driver of global trend growth is the pace of growth at the
technological frontier (proxied by productivity growth in the United
States). Gordon (2014a, 2014b) has championed the view that sev-
eral structural headwinds will hold back U.S. growth in the future,
including further falls in the pace of educational attainment, ris-
ing inequality, and fiscal drag. Gordon suggests that these factors
could drag down trend growth at the frontier by up to 1 pp—either
by directly affecting the supply side or via weaker demand leading
to hysteresis. Having interrogated Gordon’s analysis, the argument
on the educational plateau seems justified—the number of years of
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schooling per worker cannot go on rising indefinitely and has already
started to slow. Moreover, Gordon’s figures are backed up by others,
e.g., Jorgenson and Vu (2010). But Gordon’s estimates of the impact
from inequality and fiscal policy seem high given uncertainties over
fiscal multipliers and the overlap between the inequality and educa-
tion arguments (rising inequality makes it more difficult for poorer
households to afford college). In our view it seems more likely that
growth at the frontier could be 0.5 pp weaker in the decade ahead due
to these headwinds, i.e., half Gordon’s estimate—Rachel and Smith
(2015) contains the detailed analysis looking at the magnitude of
each headwind that supports this claim. Given that the multiplier
between productivity growth and real rates probably lies between
1:1 and 1:2 (i.e., 0.5 ≤ σ ≤ 1 in equation (1)), expectations of slower
frontier growth of around 0.5 pp could be pulling down on real rates
by 50–100 bps.

The other major uncertainty is over the pace of innovation.
Gordon (2014b) argues that the recent weakness in U.S. productivity
growth is a longer-lived phenomenon stretching back to the 1970s
and hence will continue going forward. Others, such as Brynjolfs-
son and McAfee (2014), see the recent slowdown as a blip—growing
pains as a result of disruptive new digital technologies that will soon
give way to rapid productivity gains. Some, such as Kurzweil (2005)
even argue we are about to enter a phase of unprecedented growth,
fueled by artificial intelligence and robotics. Our reading of the above
arguments is that Gordon’s characterization of recent history and
the near future is the most compelling. Measured U.S. productiv-
ity growth has been weak since the 1970s; it was lifted temporarily
by the information and communication technology (ICT) boom, but
has since fallen back to its sluggish underlying rate. In the absence
of clear advances in technology, it seems reasonable to assume this
trend will continue in the near term—particularly given the recent
weakness in productivity globally. Consequently, we assume that
the pace of innovation will continue at its recent sluggish rate—
consistent with the experience of the past thirty years, save for
the ICT boom. However, a word of caution is warranted here. The
further we peer into the future, the more likely a positive technol-
ogy shock is to occur, so there are substantial upside risks to our
forecast—Brynjolfsson and McAfee (2014) or even Kurzweil (2005)
could eventually be proved right.
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Figure 4 and the accompanying table bring together the above
insights into one place—showing the contributions to each of the
three factors to global growth. Looking over the past, it is reason-
ably clear that growth has not changed materially since the 1980s—
averaging 3 to 4 percent per year. In fact, growth in the years before
the crisis was actually a little higher than in the 1980s. Consequently,
it is difficult to account for much (if any) of the pre-crisis fall in real
rates by appealing to significant changes in the pace of global trend
growth. Yet while growth may not have fallen much over the past,
there are reasons to think global trend growth will slow in the future.
Although there is a great deal of uncertainty, if we add up all the fac-
tors analyzed above, we think we can come up with a reasonable case
for why global growth could slow by up to 1 pp over the next decade
or so—largely relating to slower labor supply growth and structural
headwinds at the technological frontier. Some of these factors could
have been predicted before the financial crisis, but arguably the cri-
sis was the trigger that caused financial markets to focus attention
on the issue. Indeed, the 1 pp decline in global growth we predict is
similar in scale to the downward revisions to medium-term growth
forecasts that the International Monetary Fund (IMF) and private-
sector forecasters have made since 2008. Depending on the mapping,
these weaker growth prospects could account for around 100 bps of
the fall in real rates we have seen post-crisis.

4. Desired Saving and Investment and
Real Interest Rates

The previous section explored the link between global trend growth
and the global neutral rate of interest. But as we have seen, changes
in global growth can only explain part of the secular decline in
global real rates over the past thirty years—mainly in the post-crisis
period. Other factors must also be responsible for driving the long-
term decline in the global neutral rate.9 Since the real interest rate
is the price of future consumption expressed in terms of consump-
tion today, shifts in time preferences that describe how households

9Hamilton et al. (2015) arrive at a similar conclusion.
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Figure 4. Global Growth Accounting
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show the range of uncertainty of the impact of each headwind on productivity
growth at the frontier. Our central assumption is that the effects of the education
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effects are towards the lower end. Global growth is expected to slow by up to
1 pp weaker over the next decade due to slower labor supply growth (–0.5 pp)
and slowing productivity growth at the frontier (–0.5 pp). The multiplier from
changes in growth to real rates is likely to range from 1:1 to 1:2 for productivity
growth and 1:0 to 1:1 for labor supply growth. This implies that slowing growth
expectations could have reduced real rates by between 50 and 150 bps. We quote
the midpoint of this range in our calculations above.
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spread consumption over their life cycle will also move real rates
around. The simple growth model we introduced in the previous
section is too parsimonious to permit the analysis of the kind of
preference shifts we are concerned with here: the secular trends con-
sidered below would show up, in a reduced-form way, as changes in
the value of the parameters of the Euler equation, and would not
be very informative about the workings of various mechanisms or
their magnitude. So instead of a formal model, in this section we
utilize a saving-investment (S-I) framework to shed light on these
phenomena.

The basic idea behind this framework is that, given growth
expectations, the neutral rate will depend on agents’ preferences for
desired saving and desired investment. Intuitively, desired saving will
tend to rise as real rates increase (the saving schedule should slope
upwards), because higher rates generate higher returns on saving
and yield higher future consumption. By contrast, desired invest-
ment will tend to fall as real rates rise (the investment schedule
should slope downwards) because the real rate is a key component of
the user cost of capital, so as real rates rise it becomes more costly to
invest. The focus of our analysis is on changes in desired, rather than
actual saving and investment. For the world as a whole—as for any
closed economy—actual saving and investment will always be equal
by identity. But the sensitivity of desired saving and investment (the
slopes of the curves) and the forces that shift them (preference shifts)
will be key in determining the actual (equilibrium) level of saving
and investment and the observed real interest rate.

An important source of uncertainty when using this framework
for quantitative analysis is that we do not know the sensitivities of
desired saving and investment to real rates: the slopes of the sav-
ing and investment schedules are unobservable, so we need to rely
on empirical estimates. The key difficulty when estimating these
slopes is endogeneity: interest rates and S-I ratios may be driven
by common factors. For example, a more optimistic demand out-
look would raise investment and interest rates simultaneously. This
is why studies that estimate elasticities using time-series correla-
tions can produce a wide range of estimates. To make our exercise
robust, we take an average of available estimates from the literature
and then later conduct sensitivity analysis to show the impact of
varying these assumptions.
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Table 1. Estimates of the Elasticity of Saving with
Respect to the Real Rate

Author of Study Elasticity

Blinder (1975) 0.03
Boskin (1978) 0.4
Carlino (1982) 0
Carlino and DeFina (1983) 0
Gylfason (1981) 0.3
Heien (1972) 1.8
Howrey and Hymans (1978) 0
Summers (1982) 1.3
Taylor (1971) 0.8
Wright (1967) 0.2

Average 0.5

Source: DeFina (1984).

For the elasticity of saving, this suggests an elasticity of 0.5
(table 1), although the range of estimates is admittedly very wide.
For the elasticity of investment, we rely on more recent studies that
aim to overcome the endogeneity problem by using structural models
or by employing cross-sectional data (such as Ellis and Price 2003,
Gilchrist and Zakrajsek 2007, and Guiso et al. 2002). These tend to
find that long-run elasticities are between –0.5 and –1. We assume
an elasticity of –0.7; this makes investment more sensitive to interest
rates than saving.

Together, these assumptions form the basis of the slopes of the
curves shown in figure 5. We think the slopes have been calibrated
based on a fairly neutral reading of the range of estimates in the
literature, but we recognize the wide bands of uncertainty. If we are
wrong about one of the slopes of the curves—say the investment
schedule is shallower—then it becomes more likely that shifts in the
investment curve (rather than the saving curve) have been respon-
sible for more of the fall in real rates we have seen. The slopes of
the curves thus matter in terms of the relative weight one puts on
different explanations for the fall in real rates, but should not nec-
essarily affect our ability to account for the scale of the fall overall.
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Figure 5. The Saving-Investment Framework
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A more detailed discussion of the sensitivity of the results to these
assumptions is provided at the end of this section.

We choose the average level of real rates during the 1980s as the
reference point of our analysis. This choice is driven by the observa-
tion that the initial decline in real rates from the peak of around 6
percent in the early 1980s was likely driven by the disinflation poli-
cies during Volcker’s Chairmanship of the Federal Reserve Board
(IMF 2014b). The average of the 1980s also equates to the level of
real rates in the first half of the 1990s, when such monetary policy
regime shifts had largely been completed.

We focus on ex ante shifts in the schedules, i.e., shifts that are
independent of the moves in the real rate itself. We can then deter-
mine the impact on the real rate by comparing the new and old
equilibria. Precisely because the real rate adjusts, the ex post change
in actual saving or investment will tend to be smaller than the ex
ante, or desired, change. Figure 5 illustrates this with an example: a
preference shift increases desired saving for any given interest rate.
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This shifts the saving schedule to the right. But as the desired level of
investment is unchanged (for a given interest rate), this shift would
push down on the interest rate until desired investment is equal to
desired saving. As a result, the actual increase in saving is smaller
than the shift in desired saving.

One striking feature of the data is that despite the 450 bps fall in
global real rates, global saving and investment have remained fairly
stable as a share of global GDP over the past thirty years (dia-
monds in figure 5). This vertical pattern could suggest that either
saving or investment is insensitive to changes in real rates (one of the
curves is vertical). While mindful of this possibility, we assume that
the slopes of the curves match empirical estimates in the literature,
which implies that both curves must have shifted. Various factors
have been put forward to explain such shifts. Our approach is to run
through them and try to quantify the size of each effect on real rates.
We begin by focusing on trends that have affected the saving sched-
ule: changes in the demographic structure of the global population,
rising inequality, and a preference shift by emerging market govern-
ments towards higher saving (the emerging market saving glut). We
then analyze trends that have mostly affected desired investment:
the fall in the relative price of capital, shifts in public investment,
and the changes in the spread between broad rate of return to capital
and the risk-free rate.

We view the estimates below as largely independent of the growth
effects we have identified in the last section, and hence claim that
our results should not suffer from double-counting. Although we do
not have a comprehensive general equilibrium model to prove this
point, we rely on the economic logic that is commonly accepted in
the macroeconomic literature: namely that in macroeconomic equi-
librium, the response of the real interest rate will cushion the impact
on economic growth. Up to the most recent crisis, the real inter-
est rate was falling, but it remained above zero. Thus, for most of
the period under study, the equilibrium rate had sufficient room to
respond, and precisely because of that response the secular forces
we discuss should not have had much impact on the growth rate up
until recently. Take inequality as an example: given a fixed real rate
of interest, rising inequality could have lowered aggregate demand
and pushed down on the growth rate. But as long as there was room
for the interest rate to fall, this direct effect would have been offset
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Figure 6. Cross-Country Saving Rates
and Dependency Ratios
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in equilibrium. Confirming this intuition, the moving average of the
global growth rate appears to have been relatively stable over much
of the time period we analyze, as highlighted in section 3.

4.1 Demographics

The key mechanism through which demographics plays a role in our
analysis is the life cycle of saving. Consumption is fairly stable over
the life cycle, but income is hump shaped, so people of working age
are those who tend to save the most. Consequently, the greater the
proportion of the population that is of working age, the higher the
desired level of saving in aggregate is likely to be.

This simple intuition is discernible in cross-country data on
national saving rates (figure 6). There is a significant negative rela-
tionship between the dependency ratio (defined as the proportion of
the population not of working age) and national saving rates: every
1 pp fall in the dependency ratio translates to around a 0.5 pp rise
in national saving rates. This relationship is stable through time,
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Figure 7. Shift of the Desired Saving Schedule Due to
Changes in the Composition of the Global Population
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suggesting that it is robust and can be used to calibrate the ex ante
shift of desired saving caused by demographic changes at the global
level.

Over the past thirty years the proportion of dependents has fallen
from around 50 percent of the global population to 42 percent. The
main driver of this decline has been a fall in the proportion of young
dependents—reflecting the slowdown in demographic growth dis-
cussed earlier. This effect has more than offset the gradual rise in the
proportion of old-age dependents linked to aging societies. Using the
estimated cross-country relationship depicted in figure 6, the 8 pp
fall in the global dependency ratio translates to a 4 pp rise in desired
saving, for a given real interest rate.

The 4 pp rise in desired saving can be illustrated by a rightward
shift in the saving schedule (figure 7). The effect on the global real
rate can then be easily read off the y-axis of the chart by compar-
ing the two intersection points. This suggests that the effect of the
fall in the dependency ratio has been to lower real rates by around
90 bps.10

10Aside from changes in the global dependency ratio, changes in average age
of the working-age population may also shift desired saving. This is because over
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Looking ahead, the dependency ratio is likely to stop falling or
even rise as a growing share of the world’s population enters retire-
ment age. At face value this suggests that the effects of demographics
on desired saving and hence real rates could reverse. But the extent
of this reversal is uncertain. Two factors that may limit the extent of
the reversal are increases in retirement ages and longevity. Effective
retirement ages across countries have been increasing gently over the
past fifteen years. This trend largely reflects changes in old-age par-
ticipation rates rather than official retirement ages, which have been
fairly static. If this trend continues, the average retirement age across
the OECD could reach sixty-seven by 2030—enough to halt any
uptick in the dependency ratio. In addition, an increase in longevity
over and above this increase in retirement age may mean that people
of working age choose to save a larger share of their income to fund
a longer retirement—pushing up on saving rates (Carvalho, Ferrero,
and Nechio 2016). These two factors suggest that there could be lit-
tle to no reversal of the impact of demographic forces on global real
rates in the years ahead.

On the other hand, the shifting composition of dependents from
young to old could mean that the reversal is larger than suggested
by simple dependency metrics. Old-age dependents can have much
lower net saving rates than young dependents due to the distinct
pattern of consumption over the life cycle. In advanced economies
(such as the United States), consumption tends to drift up in
retirement, particularly in the last few years of life. This is driven
largely by greater consumption of health care (hospitalization, emer-
gency procedures, etc.).11 Thus in advanced countries, a rising share
of retirees will have a disproportionately large negative effect on
desired saving—implying a faster turnaround in the impact of demo-
graphic trends on desired saving globally compared with the simple
dependency ratio metrics. Indeed, studies that look at the “support
ratio”—which can be thought of as a measure of the dependency
ratio that corrects for the differential spending patterns highlighted

their working lives, individuals’ saving rates tend to rise up to a certain age and
then decline beyond that. Our analysis suggests that this effect is second order
compared with the 4 pp shift due to the dependency ratio discussed above. See
Rachel and Smith (2015) for a fuller discussion.

11This stands in contrast to a more flat pattern in emerging countries, such as
China—see Lee and Mason (2011) for more details.
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above—find that the impact of demographics on desired saving looks
set to reverse (Lee and Mason 2011).

On balance, we think that the evidence based on support ratios
provides the more reliable steer, and so we expect the demographic
effect on rates to gradually reverse. The current projections of depen-
dency ratios alone would suggest that demographics will be neutral
on global real rates going forward, but given that older people in
advanced economies are big spenders, desired saving is likely to
decrease. Quantitatively, the current forecasts for the support ratios
in advanced and emerging economies suggest that the reversal of the
demographic effect over the next twenty years is likely to be about
half that of the downward drag on real rates over the past twenty
years.

4.2 Inequality

Changes in the distribution of income can affect desired saving
because the rich and poor tend to save different proportions of their
income. To the extent that the rich save more, rising inequality will
result in lower consumption, higher desired saving, and hence a lower
equilibrium real rate.12 Empirical evidence supports the notion that
the rich do save more, although the range of estimates available is
relatively limited and primarily covers the United States.13 The sem-
inal contribution is by Dynan, Skinner, and Zeldes (2004), who show
that average saving rates and marginal propensities to save tend
to rise with the level of income. This is confirmed by more recent
evidence: for example, Cynamon and Fazzari (2016) show that the
richest 5 percent save much more than the rest (with saving rates
around three times as high), and Saez and Zucman (2014) give a
long-run perspective on the high saving rates of the wealthy.

Two global trends have taken hold since the 1980s: inequality
between countries has fallen because developing countries, particu-
larly those in Asia, have been catching up with their Western peers;
but at the same time income inequality within countries has been
rising (Piketty 2014). The relationship between national saving rates

12This general mechanism has been incorporated in recent models, e.g., in
Eggertsson and Mehrotra (2014) and Kumhof, Ranciere, and Winant (2015).

13Crossley and O’Dea (2010) provide a UK perspective.
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and a country’s level of development is not clear cut—for example,
many Asian economies have very high saving rates despite having
relatively low incomes. As such, it is less clear what impact the
reduction in inequality between countries has had on global saving
rates. By contrast, the relationship between individual saving rates
and individual income levels within countries is better established.
We therefore focus on calibrating the impact of this latter effect on
desired saving rates globally.

To isolate the effect of rising inequality within countries on
desired saving, we perform a thought experiment using U.S. data.
First, we take the saving rates from Dynan, Skinner, and Zeldes
(2004) for different income quintiles. Then we combine those saving
rates with data from the U.S. Census Bureau showing how income
shares across the population have changed since the 1980s. Over this
period, the richest fifth of the population—who are also the keen-
est savers—have seen their share of national income rise by around
7 pp. On average, this group saves an extra third of their income
compared with the rest of the population, so this shift in the income
distribution translates to a rise in desired saving of around 3 pp.
Changes in the income distribution among the four lower quintiles
of the population reduce this figure to a net rise of around 2 pp
in aggregate. This acts to drive the real interest rate downward by
45 bps.14

Our assessment of the effect of inequality relies primarily on U.S.
data, which could overestimate the size of the effect at the global
level, since the rise in inequality in the United States has probably
been a little larger than average. But there are also other reasons why
inequality may have had a bigger effect on real rates than postulated
above.

First, over the past thirty years, the share of global income earned
from owning capital has risen as the labor share has fallen. Mechani-
cally, this should push up on desired saving if the propensity to save
out of capital income is higher than from labor income. A lack of
empirical data on saving rates from these different sources of income
prevents detailed analysis of this channel, but we note it as an upside
risk.15

14We provide further cross-checks on this figure in Rachel and Smith (2015).
15See Rachel and Smith (2015) for further discussion.
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Second, inequality between countries has been falling as real
incomes in the bottom two-thirds of the global income distribution
have risen rapidly. The impact of this income shift on global sav-
ing depends on relative saving rates between lower-income countries
that are catching up and advanced economies. National saving rates
in advanced economies and emerging economies were virtually iden-
tical up until the year 2000, so the effect on global desired saving
of emerging markets catching up would have been negligible until
then. But since the turn of the century, saving rates in emerging
markets have actually increased above those in advanced economies.
This means that faster income growth in emerging market economies
may have raised global desired saving.16 We are cautious of including
this effect separately, as we think it is at least partly driven by cycli-
cal factors and partly related to the emerging market saving glut
story, which we discuss next. To avoid double-counting, we exclude
it from our analysis.17 Instead, we focus on the future of inequality
within countries and how that affects global saving.

The future of within-country inequality will ultimately depend
on policy. Piketty and Saez (2014) point out that “inequality
does not follow a deterministic process. In a sense, both Marx
and Kuznets were wrong. There are powerful forces pushing alter-
nately in the direction of rising or shrinking inequality. Which one
dominates depends on the institutions and policies that societies
choose to adopt.” So any forecast of inequality will necessarily
rely on heroic assumptions about inherently unpredictable politi-
cal processes. That said, it may still be useful to consider the main
economic forces that determine income inequality in the long run,
taking policies and political processes and institution as given.

The most widely used model for analyzing labor income inequal-
ity is based on the idea of a race between education and technology
(Goldin and Katz 2007). The basic intuition is that more educa-
tion leads to a rise in the supply of skilled labor, while technological
change leads to a rise in the demand for skilled labor. If there is a rel-
ative shortage of high-skilled labor, because technological progress

16Buiter, Rahbari, and Seydl (2015) makes a similar point.
17Taken literally, the rise in emerging market economies’ share in world GDP

would mechanically push up on desired saving by around 2 percent of world GDP.
The effect is strongest since 2007. The pickup is largely driven by China.
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races ahead of educational attainment, then inequality is likely to
increase, as those with the sought-after skills will tend to see their
earnings rise relative to the rest of the population. In this context,
the recent rise in the cost of education, if not tackled by policy, could
potentially represent a rise in inequality of opportunity that may
limit educational attainment and hence increase income inequal-
ity, probably with a long lag. This mechanism could be further
strengthened if the latest technological advances not only increase
the demand for skilled workers but also replace low-skilled jobs—
Frey and Osborne (2013) predict that 47 percent of U.S. employment
may be subject to computerization over the next twenty years.

Other factors may also play a role. For example, further global-
ization could make “winner-takes-all markets” more common, rais-
ing the share of income accruing to the global “superstars.” Piketty
(2014) also suggests that if the growth rate of labor income declines
as global growth falls back (g), but the rate of return on capital (r)
is maintained at its historic rate, then inequality is likely to rise fur-
ther. On balance, absent a major policy shift, we judge that labor
income inequality is more likely to continue rising than to fall back
in the years ahead, but the future path of inequality is very uncer-
tain. Hence our treatment is cautious, assuming only a very gentle
increase in inequality going forward.

4.3 The Emerging Market Saving Glut

Following the Asian crisis in 1998, many emerging markets signifi-
cantly increased their foreign exchange reserves as a precautionary
measure against the future risk of destabilizing capital outflows. In
tandem, the era of high oil prices prompted an increase in saving
among oil producers. Bernanke (2005) suggests that these forces
represented a preference shift by governments (in Asia) and a shift
in circumstances (for oil exporters) that were largely exogenous to
the global system. These preference shifts resulted in an increase in
desired saving in those countries. To the extent that this increase
was not matched by a rise in desired investment, it led to a net
increase in global saving.

On average, the current account surplus of Asian economies and
oil exporters—indicative of the net amount of financial capital that
those countries send abroad—has been 1 percent of world GDP since
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Figure 8. Global Imbalances
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the late 1990s, around 1 pp higher than the roughly balanced current
account pre-1998 (figure 8). Using the increase in emerging markets’
current account surplus as a guide suggests that the desired saving
schedule has shifted to the right by 1 pp as a result of the emerg-
ing market saving glut, which lowers the global real rate by round
25 bps. This is only around half of the effect of inequality, and a
quarter of the effect of demographics.

Bernanke (2015b) discusses the future of the emerging market
saving glut and concludes that the outlook is mixed. On the one
hand, three factors suggest that these imbalances may have run
their course: (i) some of the emerging market economies, partic-
ularly China, are rebalancing their economies away from exports
toward domestic demand; (ii) the buffer stock of FX reserves that
emerging markets hold is already sufficiently large, and the buildup
of foreign currency reserves is slowing and in some cases now falling;
and (iii) oil prices have fallen, so we might expect the excess savings
from oil producers to decline further from pre-crisis peaks. On the
other hand, there are also some new potential sources of the “saving
glut.” For example, Bernanke notes that Germany has the highest
current account surplus in the world, and there is a concern that
this will persist, exerting further downward pressure on global real
rates. But to us it is unclear whether Germany’s surplus will act



28 International Journal of Central Banking September 2017

as an additional force or has already been captured by other trends
discussed in this paper, notably demographics. Overall, we think
that the IMF forecast for global imbalances—as shown in figure
8—is a reasonable baseline forecast, which suggests a very gradual
unwinding of the emerging market saving glut going forward.18

Taken together, shifts in desired saving linked to the three trends
above can account for around 160 bps of the fall in global real rates
since the 1980s. If this had been the whole story, we would have
expected to see a steady rise in actual saving rates globally. But
global saving and investment ratios have been remarkably stable
over the past thirty years—as noted earlier. This suggests that the
desired investment schedule has also shifted. Here we focus on three
trends that could potentially explain such a shift: (i) the secular
decline in the relative price of capital goods; (ii) a preference shift
away from public investment projects; and (iii) an increase in the
spread between the risk-free rate and the return on capital.

4.4 The Falling Relative Price of Capital Goods

Perhaps one of the most pervasive trends that may have affected
desired investment expenditure is the 30 percent decline in the rela-
tive price of capital goods since the 1980s.19 Cheaper capital means
that a given investment project costs less to pursue, so investment
volumes can be maintained by committing a smaller share of nomi-
nal GDP. But cheaper capital also incentivizes additional investment
projects, given the lower cost. The overall impact on capital expendi-
ture is the sum of the two effects—its sign depends on the elasticity
of substitution between capital and labor.

If capital and labor are easily substitutable, a fall in the rela-
tive price of capital goods will induce a lot of additional investment

18Others present compelling alternative forecasts. For example, Speller,
Thwaites, and Wright (2011) perform long-run simulations of gross capital flows
out to 2050 and predict persistently high current account surpluses in emerging
markets, with the Chinese current account shrinking but India’s rising.

19IMF (2014b) has examined changes in the relative price of investment in the
advanced economies since 1980. The Fund documents a downward trend in the
relative price of investment that then levels off in the early twenty-first century.
In explaining this movement, the Fund points to the work of Gordon (1990), who
emphasizes the role of research and development that is embodied in cheaper,
more efficient investment goods.
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projects, potentially by enough to counter the effect of falling prices
and hence maintain investment as a share of nominal GDP. But most
empirical work points to the elasticity being smaller than one.20 The
IMF (2014b), for example, asserts that any increase in the volume
of investment caused by a decline in the price of capital goods has
been insufficient to offset the negative impact on real interest rates.
Thwaites (2015) surveys the literature and arrives at a similar con-
clusion. An elasticity smaller than one means that a fall in the rela-
tive price of capital goods will tend to be associated with a shift of
the investment schedule to the left (desired investment expenditure
is lower for a given interest rate). To calibrate the size of this shift,
we rely on the model developed in Thwaites (2015). A 30 percent
decline in the relative price of investment lowers the steady-state
nominal investment-to-GDP ratio by around 1 pp in that model.
The fall in the relative price of capital goods also has an additional
effect, which is to pivot the investment schedule (so that it becomes
steeper), as any given amount of real investment now requires less
of today’s output to be sacrificed. In other words, the opportunity
and financial cost of investment become a less important factor in
making investment decisions. Desired investment becomes less sen-
sitive to interest rates by roughly the same amount as the fall in the
relative price of capital goods.21

The 1 pp shift in the investment schedule, together with a 30 per-
cent drop in the elasticity of investment with respect to the interest
rate, delivers around a 50 bps fall in the real rate in the saving-
investment diagram. This is similar to the peak-to-trough fall in the
interest rate along the transition path to the new steady state in
Thwaites (2015).22

The future of capital goods prices is still being hotly debated,
and no clear consensus has yet emerged. Eichengreen (2015) argues
that further falls are not guaranteed:

20Piketty (2014) is a notable exception.
21More formally, in the formulation of the user cost of capital, the weighted

average cost of capital enters multiplicatively with the relative price of capital
goods.

22The paper argues that the initially positive response of the interest rate
matches what happened in the real world in the 1970s, when real rates were
increasing. Since we are trying to explain the fall in real rates since the 1980s, it
is appropriate to compare the decline in the real interest rate since the peak.
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Evidently, R&D is not embodied more easily and fully in invest-
ment goods than consumption goods in all times and places. The
presumption behind “the Baumol effect”—that consumption
goods, and in particular that portion provided by the service
sector, are difficult to mechanize and therefore become rela-
tively more expensive over time—may not hold in the future as
it has in the recent past. Even if the post-1980 decline in the
relative price of investment goods is part of the explanation for
the concurrent decline in real interest rates, there is no ruling
out that it may be reversed in the future.

Others have also noted that the relative price of capital goods has
stabilized more recently, taking this as evidence that the ICT revo-
lution has run its course.

On the other side of this debate, researchers at the Federal
Reserve (Byrne, Oliner, and Sichel 2013) believe that the price
of ICT equipment has been persistently mismeasured. In their
view, statisticians struggle to capture the higher capability of the
latest technologies such as quad-core processors. Byrne et al.’s
quality-adjusted estimates suggest that microprocessor prices con-
tinue to fall at a rate of around 30 percent a year. Furthermore,
Thwaites (2015) argues that the effect on real rates can build for a
long time even after capital goods prices stop falling.

Overall, it seems reasonable to assume some further contribution
from the decline in the relative price of capital goods to lower rates,
albeit at a diminished magnitude compared with the past.

4.5 Lower Public Investment

Public investment has been on a declining trend as a share of global
GDP since the 1980s (see IMF 2014a). This could be because polit-
ical views have become more polarized, thus making it difficult to
agree upon and implement large-scale public investment projects.
Or it may be because voters have shifted their preferences away
from large governments. Either way, the result of this shift has
been to lower the global investment-to-GDP ratio by around 1 pp
between 1980 and 2007. Since 2007, public investment in emerging
economies—particularly China—has accelerated rapidly, unwinding
the long-term decline seen in the preceding decades. However, we
think that much of the post-2007 pickup is a cyclical response to
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weakening demand during the global financial crisis. We therefore
expect this to reverse and the downward secular trend to eventually
reassert itself. Consequently, we think that lower public investment
has shifted the desired investment curve to the left by around 1 pp,
lowering real rates by around 20 bps—a relatively small effect.

An alternative interpretation of the recent movements is that
higher public investment in emerging market economies is currently
pushing up on the global real rate (relative to pre-crisis), and if that
unwinds, the global real rate will fall further. The difference between
these two explanations comes down to whether the shift away from
public investment has already affected global equilibrium rates or
whether this is still to come. In either case, given that the size of
the effect is relatively small, this channel is not a major driver of
movements in the global real rate.

4.6 Spread between the Risk-Free Rate and
the Rate of Return on Capital

So far our analysis has abstracted from the fact that the interest
rate that matters for firms’ investment decisions is the rate of return
on capital, not the risk-free rate. Strictly speaking, when analyzing
desired investment, the rate of return on capital rather than the risk-
free rate should appear on the vertical axis of the S-I diagram. This
distinction would not be important if the spread between the risk-
free rate and the return on capital had been constant over time—the
desired investment schedule shown in this paper would represent a
simple vertical transformation of the “correct” schedule. However,
there is some evidence that the spread has risen over time, which
has implications for desired levels of investment. A rise in the spread
shifts the desired investment schedule vertically down—because in
order to keep desired investment unchanged, the risk-free rate must
fall by exactly the same amount as the spread has increased, all else
equal. However, in general equilibrium all else is not equal, and a
lower risk-free rates induces people to save less—suggesting that the
eventual decline in the risk-free rate may be a little smaller than the
rise in the spread.

The IMF constructs a weighted measure of the spread across
these measures for the world as a whole (figure 9). This shows that
the rate of return on capital has fallen since the early 1990s, but
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Figure 9. The Global Risk-Free Rate and
Rate of Return on Capital
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not by as much as the risk-free rate—the spread has increased by
around 100 bps. Market-by-market analysis supports this conclusion
(Rachel and Smith 2015). In our framework, such a rise in the spread
causes the real interest rate to drop by about 70 bps.

Together, the three investment trends highlighted above (the
falling price of capital goods, lower public investment, and rising
credit spreads) account for around 140 bps of the fall in real rates
seen since the 1980s—a similar order of magnitude to the effect from
the three saving trends highlighted earlier.

Figure 10 brings together all of these trends using the saving
and investment framework outlined earlier. Our analysis suggests
that the desired saving schedule has shifted out materially due to
demographic forces (90 bps of the fall in real rates), higher inequal-
ity within countries (45 bps), and a preference shift towards higher
saving by emerging market governments following the Asian cri-
sis (25 bps). In addition, desired investment rates appear to have
fallen as a result of the decline in the relative price of capital goods
(accounting for 50 bps of the fall in real rates), a preference shift
away from public investment projects (20 bps), and an increase in the
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Figure 10. Quantifying Shifts in Desired Saving and
Investment

spread between the risk-free rate and the return on capital (70 bps).
Together these effects can account for 300 bps of the fall in global real
rates. We also include an illustrative shift of the desired investment
schedule to account for weakening global growth prospects identified
in the previous section (labeled “g” in the diagram).

This saving-investment framework provides a broad description
of the relative sizes of the different forces at play. Taken at face value,
shifts in preferences appear to explain around 300 bps of the decline
in real rates since the 1980s, on top of the 100 bps explained by the
deterioration in the outlook for trend growth seen more recently.
In other words, we think we can account for most of the decline in
global real rates using evidence independent of the decline itself.

Around 50 bps of the fall in real rates remains unaccounted for.
This could reflect a number of factors, and each of these underscores
the possible uncertainties that surround our point estimates. First,
we might be missing certain secular trends from our analysis. For
example, rising short-termism (Gutiérrez and Philippon 2016) or the
decline in capital intensity of production (Summers 2013) could also
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be pushing down on real rates. Second, some of the trends we have
quantified could be having bigger effects than we have estimated—
for example, some studies that focus on an individual factor have
found larger effects (e.g., for inequality and demographics). Third,
the unexplained component could reflect global headwinds from the
financial crisis, such as deleveraging or heightened risk aversion,
which are temporarily pushing down on real rates. Fourth, the mar-
ket measures of real rates we are using, which are derived from
government bond yields, may be distorted. Post-crisis regulatory
changes may have increased demand for safe government assets by
financial institutions, while central bank quantitative easing (QE)
has been temporarily boosting the demand for government bonds.

As mentioned earlier, significant uncertainty also surrounds the
slopes of the saving and investment curves. The vertical pattern of
the intersection between real interest rates and saving-investment
ratios over the past thirty years may suggest that one or both of the
schedules is steeper than we have assumed. While that is a possi-
bility, we note that a near-vertical slope would imply that agents’
behavior is invariant to changes in interest rates, and so would be
at odds with empirical evidence suggesting that interest rates do
affect behavior and the macroeconomy (Christiano, Eichenbaum,
and Evans 1999; Ramey 2016). Moreover, it would likely lead to
significant volatility in the observed interest rates, as small shifts
would have a very large impact on the equilibrium real rate. This
would be at odds with the relatively smooth downward trend in the
long-term real rate over time. On the other hand, if both of the
curves were significantly flatter than we assume, we would not have
observed the large decline in the real interest rate, even in the pres-
ence of strong underlying secular trends: small adjustments in the
interest rate would have realigned desired saving and investment.
To check the robustness of our results, we vary the elasticities of the
desired saving and investment curves in a number of ways. Table 2
reports four sensitivity tests compared with our benchmark calibra-
tion. The key point here is that while the slope of the curves affects
the allocation of saving and investment trends in driving the change
in real rates, when both sets of forces are viewed together they pro-
duce a broadly similar total impact on real rates across calibrations.
Put differently, the conclusion that around 3 pp of the downward
move in the real interest rate is due to shifts in desired saving and
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Figure 11. Secular Drivers of Global Real Interest Rates
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investment seems to be broadly robust to assumptions about the
elasticities of the saving and investment schedules.

Clearly, the confidence interval around all of the above esti-
mates is very wide. Nevertheless, quantifying the potential size of
the impact from each of the different secular trends serves a use-
ful purpose—it not only helps us explain movements in real rates
over the past but also allows us to opine on how such trends (and
hence real rates) are likely to evolve going forward. Figure 11 pro-
vides a summary of our findings about past movements in real rates,
together with our best judgments about the direction of travel based
on the discussions in this paper. The main message is that the trends
we have analyzed are likely to persist at their current level: we do
not predict a big further drag, or a rapid unwinding of any of these
forces. Some are likely to drag a little further (global growth is set to
decline further out, and we assume this will feed into slightly lower
rates in anticipation; the relative price of capital is likely to continue
to fall, albeit at a slower pace; and inequality may continue to rise),
but this will be broadly offset by a rebound in other forces (particu-
larly demographics). What happens to the unexplained component
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depends on what is driving it. In figure 11 we illustrate the effect of
assuming that it is largely cyclical. Despite this, our predictions still
imply that the global neutral rate will remain low, perhaps settling
at around 1 percent in the medium to long term.

5. Conclusion

Since the 1980s, market measures of long-term risk-free real interest
rates have declined by around 450 bps across both emerging and
developed economies, with a discernible common trend suggesting
that global factors are at work. The causes of the fall are likely
numerous and diverse. In this paper we have attempted to quantify
the impact that several secular forces could have had on real rates,
by affecting global growth, desired saving, and desired investment.
Although there is great uncertainty, our estimates suggest that these
secular forces can account for about 400 bps of the 450 bps decline
in the global long-term neutral rate seen since the 1980s. Moreover,
most of these secular trends look likely to persist, suggesting that the
global neutral rate may settle at around 1 percent over the medium
to long run.

The policy implications of permanently low real interest rates are
extensive. In the face of adverse shocks, central banks are likely to
run up against the zero lower bound on nominal interest rates more
often, requiring the use of unconventional policy instruments such as
quantitative easing (QE). For large adverse shocks, fiscal policy may
need to bear more of the burden of business-cycle management. Low
rates may also fuel search-for-yield behavior, posing challenges for
macroprudential and microprudential policymakers. More generally,
the possibility of the global neutral rate remaining at persistently
low levels should motivate a real debate across the policy spectrum
on the best approach to stabilize the cycle.

The fact that the evolution of the global neutral rate remains
highly relevant for policy and that our analysis has only briefly
touched on a vast territory means there are many exciting areas for
future research. One extension to the analysis in this paper would
be to use a regional perspective to shed light on the fall in global
real rates. As discussed in more detail in Rachel and Smith (2015),
developed and emerging economies have exhibited different trends in
saving and investment over time—future work could usefully explore
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the reasons for these differences to pinpoint the drivers of global real
rates more precisely. Future analysis could also acknowledge the cen-
tral role of the monetary and financial sector in the global economy
of today, by looking at monetary trends that could have affected
the global real rate, such as a structural change in global liquidity.
This could complement the analysis of real trends highlighted in this
paper. Further work could also look to extend our analysis further
back in history, in an attempt to explain not only why real rates have
fallen since the 1980s but also why they rose in the decades before
the 1980s. Finally, development of structural models capable of han-
dling secular, medium- to long-run trends may shed further light
on the size of the effects highlighted here, and help clarify how the
various effects interact—allowing more in-depth policy experiments
and welfare analysis. To the extent that our headline prediction of a
persistently low long-run neutral rate comes to pass, such research
will remain highly relevant for years to come.
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Discussion of “Are Low Real Interest
Rates Here to Stay?”∗

Pierre-Olivier Gourinchas
University of California at Berkeley

1. The Trillion Dollar Question

The decline in global real interest rates since the early 1980s is noth-
ing short of spectacular. In the United States, the entire yield curve
on government securities has shifted down by more than 10 percent
between 1983 and 2013. A similar pattern, although perhaps not
as pronounced, has been documented in most advanced and many
emerging economies. According to the authors, long-term global real
interest rates have declined by more than 450 basis points (bps)
since the early 1990s. Coupled with low and stable worldwide infla-
tion, this overwhelmingly suggests a decline in the global “neutral”
or “natural” rate of interest, colloquially known as r∗, of a similar
magnitude.1

It is difficult to overstate the macroeconomic importance of such
a phenomenon. Among other things, a decline in r∗ of this magnitude
seriously limits the ability of monetary authorities to stabilize aggre-
gate demand, as policy rates cannot be lowered below the “effective”
lower bound. It also poses specific challenges to financial stability.
For instance, excessive cuts in the policy rate can lower banks’ net
interest margin, with adverse effects on the health of the banking
sector. A low-r∗ world also creates powerful incentives for financial
intermediaries to engineer “pseudo” safe assets, and for investors to
load up excessively on higher-risk/higher-yield assets.

∗This discussion was prepared for the November 2016 IJCB conference held
at the Federal Reserve Bank of San Francisco. Part of this discussion builds upon
joint work with Hélène Rey.

1The paper presents a useful discussion of the subtle differences between the
global neutral rate and country-specific r∗, but these subtleties are not relevant
for the purpose of this discussion since the purpose of the paper is on the deter-
minants of the global real rate, and the authors argue that this global neutral
rate is a long-run anchor for r∗.
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The trillion-dollar question, then, is to understand the sources
of this decline. Not surprisingly, given the importance of the topic,
potential explanations abound—from a decline in long-run produc-
tivity growth to demographic forces due to an aging global popula-
tion; from rising income inequality to a decline in the relative price of
investment goods; or from increased foreign exchange reserve accu-
mulation by emerging market central banks to a shift in investors’
desired portfolio weights towards safe assets, among others—so much
so that one might be tempted to conclude that the decline in global
real rates is, if anything, over-explained.

Sifting carefully through these different explanations and sorting
out which are relevant and which are not is no easy task. Yet it is
the one that the authors, somewhat heroically in my view, set for
themselves in this paper. To do so, they propose a very detailed and
nuanced quantitative assessment of the importance of each of the
large number of factors mentioned above, and some others.

The final decomposition looks both sensible and interesting: of
the 450 bps decline in long-term real yields, the authors claim to
account for 400 bps—100 bps due to a decline in future trend growth,
160 bps due to increased desired savings, and 140 bps from decreased
desired investment. Two determinants appear particularly relevant
in the authors’ decomposition: the impact of demographic forces on
desired savings (90 bps) and that of a rising spread between risk-
free rates and the return to capital, dampening desired investment
(70 bps).

I am very sympathetic to that final point, in part because it is
very much in line with my own work on the topic! For instance,
in Caballero, Farhi, and Gourinchas (2017), we propose a decom-
position of that same spread into a risk premium component, and
a component due to increased markups (“rents”) or to increased
capital-augmenting technological progress (“automation”). That
paper concluded that while increased rents or automation cannot
be ruled out, they alone cannot account for the increased spread
between returns to capital and safe real interest rates. Instead, a
substantial part of the increase in that spread reflects increased com-
pensation for risk, indicating a substantial increase in the demand
for, or a significant decline in the supply of, safe assets relative to
risky assets.

However, while my general views are very sympathetic with the
general conclusions of the paper, I am much less convinced by the
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methodology that the authors have adopted in their paper. The next
section reviews my main concerns in that respect. Next, I present
an altogether different approach, based on the intertemporal bud-
get constraint, and my recent work with Hélène Rey (Gourinchas
and Rey 2017). That framework, using long-run data, finds also an
important role for the financial cycle, with real interest rates remain-
ing low for an extended period of time following global financial
crises.

2. Accounting for Changes in the Natural Interest Rate

At its core, an economic model is a mapping from shocks ε̄ = {εi}
to observables Y = {yj}. That mapping is controlled by a number
of structural parameters Θ and can be summarized as Y = f(ε̄; Θ).2

The first step consists in estimating the fundamental parame-
ters Θ̂. An impulse response can then be obtained by setting some
component i of ε to 1 and all other shocks to 0. An accounting decom-
position can be obtained once the fundamental shocks ˆ̄ε = {ε̂i} are
also estimated. The contribution of shock i can then be obtained
by constructing Yi = f(ˆ̄εi; Θ̄), where ˆ̄εi = {ε̂i, 0} ignores all other
shocks beside shock i.3

While the general principles are well understood, their applica-
tion is often difficult. For instance, proper identification of the struc-
tural parameters Θ is often difficult to achieve. Precise estimation
of the structural shocks can also be difficult.

In the context of this paper, such a decomposition exercise would
start with a model incorporating all the potential sources of decline
in the neutral rate of interest listed above: productivity growth,
demographic forces, income inequality, the relative price of invest-
ment goods, foreign exchange reserve accumulation, etc. Notice that
some of these sources, such as income inequality or the relative price
of investment goods, are themselves endogenous to, inter alia, the
structure of the tax system; the degree of competition in factor

2That definition is quite generic and does not impose that the model be static:
yj can include current, lagged, and even future observations of macroeconomic
variable j, and similarly εi can include current, lagged, and future values of
shock i.

3With non-linearities, these decompositions do not necessarily add up to 100
percent since the full response also incorporates interaction terms.
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markets; productivity in the human accumulation sector; unobserved
abilities; or productivity in the investment good sector, etc. The full
model would incorporate a large number of potential shocks and a
large number of structural parameters. Unfortunately, the complex-
ities and identification challenges of estimating such a model lie well
beyond our technical abilities.

Instead, this paper cobbles together estimates from two different
approaches. The first approach is a Euler equation approach:

r =
1
σ

g + ρ, (1)

where r is the real interest rate, g is the growth rate of technology, σ
is the intertemporal elasticity of substitution (IES), and ρ is the rate
of time preference. This equation obtains from the optimal intertem-
poral allocation of consumption by households. The interpretation
is straightforward: faster productivity growth means more output
(and consumption) tomorrow relative to today. Households want to
smooth consumption over time, hence they would like to borrow and
consume more today. This pushes up the real interest rate, the more
so the lower is the IES (low σ). For a given IES, this maps changes
in g into changes in r.

The second approach is an S − I diagram. It consists of identify-
ing shifts in desired savings S and desired investment I arising from
the different mechanisms mentioned above. For given estimates of
the interest rate elasticity of the saving and investment curves, it
maps the changes in desired savings and investment into changes in
the equilibrium real interest rate.

Unfortunately, while this approach is more tractable than the
full-blown estimation of a structural model, it leads to a number of
conceptual difficulties.

To start with, many of the “channels” discussed can have com-
plex effects on the real interest rate, so the issue of identification
remains unsettled. Consider for instance the link between the depen-
dency ratio (defined as the fraction of the population not of working
age) and savings. The empirical evidence documented in the paper
indicates a weak negative relationship between the saving rates and
dependency ratios in the cross-section, which is stable over time
(figure 6). The authors assume that this relationship also holds in
the aggregate time series. Since the dependency ratio has declined
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globally, they conclude that this contributed to increased desired
aggregate savings. Given an assumed elasticity of investment of −0.7,
this accounts for 90 bps of the 160 bps declined in interest rates due
to increased savings. This is one of the largest single contributors
to the decline in real interest rates. If true, this would suggest that
future increases in the dependency ratio would raise real interest
rates as aggregate savings decline. Yet, it is well known that some
countries with a relatively high dependency ratio due to rapid popu-
lation aging, such as Japan or Germany, are also among the countries
with the highest saving rate.

The answer may well lie in the fact that the dependency ratio
can vary when the proportion of either young dependents or old
dependents varies. But the implications for aggregate savings may
be vastly different. Historically, countries with low dependency ratios
are countries that successfully made their demographic transition.
Fewer children also mean higher savings, since in many developing
countries children were effectively a means of saving for old age. As
an illustration, China’s one-child policy may well have contributed
to an increase in Chinese savings. As the proportion of young depen-
dents has decreased globally, savings have increased. But the impli-
cations may well be very different if the change in the dependency
ratio comes from the fraction of old dependents. An increase in pop-
ulation aging means more retirees relative to the working-age popu-
lation. It is likely to be associated with an increase, not a decrease,
in savings. Once this heterogeneity is taken into account, it is not so
clear that the global dependency ratio is a good summary statistic
for the desired savings shift due to demographic forces. The authors’
conclusion from this reduced-form exercise seems relatively fragile.

Assuming that desired shifts in savings and investment are prop-
erly measured, translating these into shifts in equilibrium real inter-
est rates requires reliable estimates of the savings and investment
interest rate elasticities. The authors assume an elasticity of savings
of 0.5, but mention a range from 0.03 to 1.8. From a theoretical
and empirical point of view, it is well known that the relationship
between savings and interest rates can be quite fickle. It is in fact
quite telling that the most recent paper cited by the authors dates
back to 1983: the literature seems to have concluded that the elastic-
ity of aggregate savings to the real interest rate is not a well-defined
parameter and one should perhaps avoid trying to estimate it. Yet
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it is a critical component of the exercise. The interest rate elasticity
of investment is also imprecisely estimated, between –0.5 and –1,
although at least both the theoretical and empirical literature agree
that it should be negative.

Finally, it is not clear how the S−I framework is an alternative to
the Euler equation approach. After all, the Ramsey-Cass-Koopman
model embeds an S−I diagram too. A decline in productivity growth
lowers the marginal product of capital, which reduces the desired
capital stock and reduces investment. In equilibrium the real inter-
est rate needs to decline to reduce saving, so that S = I obtains. In
other words, the S−I diagram is precisely what delivers r = g/σ+ρ.
It is not clear to me whether we are not double-counting when we
are considering the effect of, e.g., demographics or rising inequality
on trend productivity via the Euler equation and the S − I dia-
gram. One of the advantages of the structural model Y = f(ε̄, Θ) is
precisely that it avoids such a double-counting.

Finally, the Euler equation is a weak peg to hang the empirical
estimates on. A large and abundant empirical literature has doc-
umented very weak support for the aggregate Euler equation and
the absence of a strong relationship between real interest rates and
growth.

The bottom line is that, while the structural approach may be
infeasible, the approach followed in this paper, cobbling and adding
together many reduced-form estimates of “desired” shifts in savings
and investment, combined with an Euler equation, does not provide
solid empirical estimates of the relative contributions of the vari-
ous channels. Unfortunately, no matter how complex the problem
is, we cannot afford to avoid using some structural approach. In
doing so, the trade-off is between parsimony and tractability. The
next section presents the results from such a framework, borrowed
from Gourinchas and Rey (2017).

3. An Alternative Framework to Understand
Secular Movements in r

In Gourinchas and Rey (2017), we propose an accounting framework
based on the movements in the ratio of total consumption expendi-
tures C to total wealth W over long periods of time. Figure 1 plots
this ratio for a world that comprises the United States, the United
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Figure 1. The Global Consumption-Wealth Ratio
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Source: Jordà, Schularick, and Taylor (2016), Piketty and Zucman (2014).

Note: The figure reports the ratio of aggregate annual private consumption
expenditures to total private wealth (land, housing, financial assets) for the
United States, the United Kingdom, Germany, and France.

Kingdom, Germany, and France between 1920 and 2011. Wealth
consists of total private wealth, including land, housing, and finan-
cial assets as estimated by Piketty and Zucman (2014). The ratio,
which can be interpreted as an average propensity to consume out
of wealth, exhibits low-frequency fluctuation, between a low of 0.155
in 2009 and a high of 0.24 in 1975.

Under the mild assumption that this ratio is stationary, an
assumption consistent with most theories of consumption, we can
write the following decomposition:

ln(Ct/Wt) ≡ cwt =
∞∑

s=0

ρs
Etrt+s +

∞∑

s=0

ρs
Etrpt+s −

∞∑

s=0

ρs
Etg

C
t+s

= cwrf
t + cwrp

t + cwc
t . (2)

In this equation, the log consumption-to-wealth ratio cwt is the
sum of three components: the present discounted sum of future risk-
free rates rt+s, the present discounted value of future risk premia
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Figure 2. Decomposing cw

-.4

-.3

-.2

-.1

.0

.1

.2

.3

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

ln(c/w)
Risk premium comp.
Predicted

Risk free comp.
Consumption comp.

Note: The figure decomposes ln(C/W ) into a risk-free component (cwrf ), an
excess return component (cwrp), and a consumption growth component (cwc).

rpt+s, and the present discounted sum of future aggregate con-
sumption growth rates gC

t+s. The discount rate ρ is a constant that
depends on the steady-state value of C/W . The interpretation of this
formula is quite straightforward: if C/W is stationary, a low C/W
value today predicts a higher value in the future. The increase in
C/W must come from either an increase in the numerator, i.e., high
future consumption growth gC

t+s, or a decline in the denominator,
i.e., low returns on wealth, which implies either low future risk-free
rates rt+s or low future risk premia rpt+s or both.

Using a vector autoregression approach, Gourinchas and Rey
(2017) estimate the three components on the right-hand side of this
equation. Figure 2 reports the estimated components, together with
the overall fit of the regression. Because equation (2) is the approxi-
mation of an accounting identity (the global budget constraint), we
expect the overall fit to be high, as is indeed the case. More impor-
tantly, the figure reveals that the risk-free component cwrf accounts
for most of the variations in cw while other components (future
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consumption growth or future risk premia) play relatively minor
roles. In other words, a low consumption-to-wealth ratio today indi-
cates that the present discounted value of future risk-free rates is
below average. Over long periods of time, because of the effective
lower bound, the real interest rate is an upper bound on the natural
rate r∗. It follows that a low value of cw is associated with low future
r∗. In Gourinchas and Rey (2017), we discuss how this result suggests
that the slowdown in productivity growth or demographic forces are
unlikely to be the main drivers of the decline in r∗. The basic insight
is that low future productivity growth or a slowdown in population
growth would both reduce the future growth rate of aggregate con-
sumption growth gC

t+s. According to equation (2), this would tend
to raise cw today, not depress it, unless the equilibrium response
of real interest rates to a growth slowdown, i.e., the intertemporal
elasticity of substitution 1/σ in equation (1), is sufficiently low. In
that case, cwrf and cwc would be negatively correlated and their
ratio, an estimate of σ, would be implausibly low.

The upshot of the exercise is that either we live in a world of
very low IES, so that global interest rates are extremely respon-
sive to changes in productivity growth (more than one for one), or
the movements in r originate elsewhere. Our favorite hypothesis is
that of financial boom-bust cycles casting a long shadow on future
real rates. In particular, the two episodes of persistently low cw
seem to occur in the run-up to and the aftermath of global financial
cycles: a Great Depression episode from from 1925 to 1945, and the
global financial crisis from 2000 onwards. In both cases, the decline
in cw arises first from a rapid run-up in asset and housing prices
that increases wealth (the denominator) that is not matched by a
corresponding increase in consumption. The financial crisis, when
it occurs, should have a corrective effect, restoring cw back to its
trend. However, we observe instead that cw remains depressed. One
explanation is that the financial collapse triggers increased demand
for safe assets and economy-wide deleveraging dynamics: as house-
holds, corporates, and governments all simultaneously try to reduce
their borrowing levels, safe interest rates collapse. Our findings also
suggest that though risk premia seem to increase, as expected if the
demand for safe assets increases, this is not sufficient to offset the
decline in risk-free rates, and the overall expected return on wealth
remains depressed post-crisis.
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Figure 3. Predicting Global Risk-Free Rates
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Finally, our decomposition allows us to answer directly the ques-
tion posed by the authors: Are low real interest rates here to stay?
Figure 3 reports the predicted values based on a regression of a ten-
year average of the real risk-free rate on the initial value of cw. The
line with circles reports this average future interest rate between
1920 and 2001 (since our data cover the period 1920–2011). The
solid line reports the estimated future risk-free interest rate, with
two standard deviation confidence bands. The in-sample fit is very
high. Extrapolating past 2001 until 2011, it reveals that global real
risk-free rates are expected to remain low for an extended period
of time. As of the last data point in our sample, 2011, the average
short-term real risk-free rate over the subsequent ten years, 2011–21,
is expected to be –2 percent.

4. Conclusion

The paper presents an ambitious attempt to account quantitatively
for the different economic forces behind the recent decline in real
interest rates. This is a difficult empirical exercise. Without a formal
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structural framework, identification is weak, and it is difficult to
isolate cleanly the effect of various forces. Yet the exercise remains
useful as a starting point for more structural explorations. I have pre-
sented the results from one such exercise, based on Gourinchas and
Rey (2017). It provides a complementary set of results and empha-
sizes the historical role of deleveraging dynamics in depressing real
interest rates.
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Do the prevailing unusually and persistently low real inter-
est rates reflect a decline in the natural rate of interest as com-
monly thought? We argue that this is only part of the story.
The critical role of financial factors in influencing medium-
term economic fluctuations must also be taken into account.
Doing so for the United States yields estimates of the nat-
ural rate that are higher and, at least since 2000, decline by
less. An illustrative counterfactual experiment suggests that
a monetary policy rule that takes financial developments sys-
tematically into account during both good and bad times could
help dampen the financial cycle, leading to significant output
gains and little change in inflation.
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1. Introduction

Inflation-adjusted (real) interest rates, short and long, have been on
a downward trend for a long time and have remained exceptionally
low since the Great Financial Crisis (figure 1). Why is this so?
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Figure 1. The Long-Term Decline in Real Interest Rates

Percent

Source: National data.
Note: Real rates are generated by subtracting realized PCE core inflation from
nominal interest rates.

The prevailing view is that this downward trend and the excep-
tionally low level largely reflect a fall in natural interest rates, driven
by changes in saving and investment fundamentals (International
Monetary Fund 2014, Bean et al. 2015, Obstfeld and Tesar 2015,
Rachel and Smith 2015). One prominent variant is the hypothesis
that persistently weak demand for capital, a rising propensity to
save, and lower trend growth have brought about an era of “secu-
lar stagnation” (Summers 2014). Another variant points to a higher
propensity to save in emerging economies together with investors’
growing preference for safe assets (Caballero, Farhi, and Gourinchas
2008, Broadbent 2014, Bernanke 2015, Del Negro et al. 2017).

Views about the natural rate are necessarily model dependent.
At the heart of the prevailing interpretation are two key features.
First, the natural rate is defined as that which would prevail when
actual output equals potential output. Second, inflation is the key
signal that output is not at its potential, sustainable, level. All else
equal, if output is above potential, inflation will tend to rise; if it is
below, inflation will tend to fall. The natural rate, so defined, is also
known as the “Wicksellian” rate, following Wicksell (1898) and as
refined by Woodford (2003). Crucially, this view presumes that over
the medium term, monetary policy only passively tracks the natural
rate. As a result, the observed decline in real interest rates is purely
a function of forces beyond central banks’ control.
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We argue that this view is too narrow. When we think of both
potential output and the symptoms of unsustainability, we also need
to consider financial factors. Output cannot be at a sustainable level
if the financial side of the economy is out of kilter. And the key symp-
tom of unsustainability may be outsized financial booms and busts,
which in turn can wreak havoc on output (e.g., Borio and Lowe 2002,
Schularick and Taylor 2012). Indeed, empirical evidence indicates
that many recessions, especially those that coincide with banking
crises, have permanent effects on output—growth may return to its
pre-crisis long-term trend, but output does not, so that a perma-
nent gap develops between the pre- and post-recession output trends
(Cerra and Saxena 2008, Basel Committee on Banking Supervision
2010, Ball 2014).

We present an alternative view of the natural rate, in which
financial factors also play a role. This has a couple of advantages.
Analytically, it avoids the conclusion that interest rates may be at
their long-run equilibrium or natural level and yet encourage the
buildup of serious financial instability (e.g., Summers 2014, Bean
et al. 2015). Empirically, our view dovetails with the burgeoning
literature documenting the limited usefulness of domestic measures
of slack (deviations of output from potential) as determinants of
inflation (e.g., Borio and Filardo 2007, Pain, Koske, and Sollie 2008,
Ball and Mazumder 2011, IMF 2014, Blanchard, Cerutti, and Sum-
mers 2015)1 and—the mirror image—with the limited usefulness of
inflation as an indicator of business-cycle conditions (e.g., Borio,
Disyatat, and Juselius 2014). Indeed, a recent strand of empirical
work indicates that, by contrast, financial-cycle proxies are helpful
indicators of those conditions (Borio, Disyatat, and Juselius 2014,
2017; Kiley 2015).

This perspective has first-order implications for monetary pol-
icy. It suggests that inflation may be an insufficient guide for mon-
etary policy. If monetary policy has a material impact on finan-
cial booms and busts, thereby resulting in swings in medium-term

1Consistent with this finding is the recent evidence that domestic output gaps
in standard Phillips-curve models provide little additional predictive content
beyond lagged inflation when forecasting inflation (Dotsey, Fujita, and Stark
2015). Faust and Leeper (2015) also stress that inflation dynamics are not as
simple as implied by models based on economic slack.
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output trajectories, and if inflation is a poor indicator of deviations
of output from potential, then ignoring financial cycles may lead
policy astray. To analyze these issues in more detail, we propose an
empirical framework in which financial factors play a pivotal role in
economic fluctuations.2 Our objective is twofold: (i) to revisit the
measurement of the natural interest rate; and, more ambitiously,
(ii) to propose a monetary policy rule that systematically takes
into account the state of the financial cycle. By establishing a link
between monetary policy and the financial cycle, the framework also
provides a richer perspective on the secular decline in real interest
rates.

We apply the framework to U.S. data over a thirty-year period,
1985–2015, and reach two main conclusions. First, once financial
factors are taken into account, the natural interest rate is higher
and falls by less than prevailing empirical approaches would sug-
gest, at least since 2000. Importantly, the actual real policy interest
rate has been persistently below the natural rate, especially in the
most recent period. Second, the way monetary policy is systemat-
ically conducted has a first-order impact on financial factors and
hence output fluctuations. And the resulting booms and busts have
persistent effects even when crises do not break out. As a corol-
lary, taking the financial cycle into account can improve economic
performance.

Together, these two conclusions suggest that a narrative that
attributes the decline in real interest rates and their persistently
ultra-low post-crisis levels to an exogenous fall in the natural rate
is incomplete. Monetary policy, through its impact on the finan-
cial cycle, influences the evolution of real interest rates over the
medium term. In this sense, beyond the structural evolution of the

2There is, of course, a much broader literature highlighting the role of finan-
cial factors in economic fluctuations and, more specifically, the GDP costs of
financial or credit booms and busts. Some of those closest in spirit to the analy-
sis performed here include, for instance, Claessens, Kose, and Terrones (2009),
Reinhart and Rogoff (2009), Schularick and Taylor (2012), Jordà, Schularick, and
Taylor (2013), and Mian, Sufi, and Verner (2016). On the theoretical side, follow-
ing Bernanke, Gertler, and Gilchrist (1999), a prominent strand of research has
focused on the role of financial frictions in New Keynesian models with increas-
ing emphasis on variations in credit spreads (e.g., Del Negro, Giannoni, and
Schorfheide 2015, Adrian and Duarte 2016, Cúrdia and Woodford 2016, Del Negro
et al. 2017).
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economy, the decline also reflects, in part, policy frameworks (Borio
and Disyatat 2014, Borio 2016).

Thus, monetary policy frameworks matter. An effective “lean
against the wind” approach requires policy to take financial devel-
opments into account systematically. One possible representation of
such a policy rule, as described here, takes the form of an augmented
version of the standard Taylor rule (Taylor 1993) that incorporates
financial-cycle indicators. Such a rule differs fundamentally from
typical interpretations of a “lean against the wind” policy, whereby
interest rates are raised only when signs of financial imbalances, such
as credit and asset price run-ups beyond historical norms, emerge
(e.g., Svensson 2014, 2016; Ajello et al. 2015; IMF 2015). Respond-
ing to financial stability risks only when they become evident would
lead to doing too little too late, as it would ignore the cumula-
tive impact of policy over the whole financial cycle. Rather, pol-
icy interest rates should be set so that the economy is never too
far away from “financial equilibrium”—a notion that we will define
more precisely below. Using an illustrative policy rule that embodies
such features, our analysis suggests that it would have been possi-
ble to mitigate financial imbalances, leading to significant output
gains.

To reach these conclusions, we expand the familiar Laubach and
Williams (2003, 2015a) reduced-form model for estimating potential
output and the natural rate by incorporating financial-cycle infor-
mation. Our measure of the financial cycle focuses on the role of
leverage and debt service burdens, assessed relative to their long-
run levels. As Juselius and Drehmann (2015) find, such a measure
can account for a substantial part of the evolution of output in the
short to medium term.3 By harnessing financial-cycle information,
we obtain different estimates of potential output and the natural
real interest rate—what we refer to as “finance-neutral” estimates.
Intentionally, we make the smallest possible adjustments to the sys-
tem put forward by Laubach and Williams, which relies heavily on
the information content of inflation. By nesting this standard frame-
work in ours, we let the data speak. Hence, if the financial terms are

3In particular, the dynamics implied by these two gaps captures well and out
of sample the basic features of the Great Recession and of the subsequent weak
recovery (Juselius and Drehmann 2015).



60 International Journal of Central Banking September 2017

unimportant, the estimates will simply revert to more conventional
estimates.

Based on this framework, we then explore the interaction
between policy and the financial cycle. We use the estimates of the
filter and perform a counterfactual experiment with a policy rule
that takes financial factors systematically into account—the aug-
mented Taylor rule noted above. This part of the exercise is nec-
essarily more speculative, as it faces well-known and serious econo-
metric challenges. A key one is the “Lucas critique”: there is no
presumption that the estimated coefficients are invariant to policy.
Unfortunately, the question we wish to address makes such a cri-
tique inevitable, since we are interested in the systematic part of
policy, not in small and, above all, temporary deviations from an
established pattern. We draw some reassurance from the possibil-
ity that our results would actually be reinforced if agents were to
internalize the systematic policy reaction and hence respond even
more strongly. In any case, our aim here is simply to illustrate how
a systematic interaction between policy and the financial cycle can
have persistent effects on economic performance.

The rest of the paper is organized as follows. Section 2 develops
extensions to a baseline system in the spirit of Laubach and Williams
(2003). Section 3 introduces the data and presents the estimates.
Section 4 simulates the system under different specifications of the
policy rule. Possible avenues for future work are considered in the
conclusion.

2. The Financial Cycle, Potential Output,
and the Natural Interest Rate

Before turning to the detailed extension of the small-scale version
of the standard Laubach-Williams framework to take into account
financial-real linkages, it is useful to introduce our empirical measure
of the financial cycle.

2.1 Characterizing the Financial Cycle

To model the financial cycle, we build on previous work by Juselius
and Drehmann (2015). The authors use two co-integrating (long-
run) relationships to pin down the long-term evolution of three key
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variables, namely the credit-to-GDP ratio, real asset prices, and the
nominal lending rate. They show that deviations from these long-
run relationships provide a useful decomposition of the financial
cycle.

The first long-run relationship is between the credit-to-GDP ratio
and inflation-adjusted (real) asset prices. This relationship captures
the well-known positive link between debt and the price of assets,
which may arise from the latter’s use as collateral or, more generally,
as a source of revenue or service streams (housing). The relationship
can be interpreted as a very rough proxy for aggregate leverage at
market prices. As it turns out, this is well approximated by the ratio
of debt to assets (Juselius and Drehmann 2015). We refer to the devi-
ations of this relationship from its long-run value as the leverage gap,
l̃ev t, which can be expressed as4

l̃ev t = (crt − yt) − (pA,t − pt) − lev , (1)

where crt is credit to the non-financial private sector, yt is output,
pA,t is a real asset price index, pt is the consumer price level, and
lev is a steady-state constant. The asset price index is constructed
from residential property prices, commercial property prices, and
equity prices, with the corresponding weights adding up to one (see
appendix). When leverage is below its long-run value (e.g., when
asset prices are high), credit tends to increase faster than normal,
and vice versa.

The second long-run relationship is between the credit-to-GDP
ratio and the (average) lending rate on the debt outstanding. This
relationship captures the link between debt and interest payments,
consistent with the notion that a lower interest bill allows households
and firms to service the same stock of debt with lower income in the
long run. As it turns out, this is a very good proxy for the actual pri-
vate sector’s debt service ratio—defined as the ratio of interest pay-
ments plus amortizations of households and non-financial companies
to their income (Juselius et al. 2016). This suggests that the variable
is closely linked to cash flow constraints. We refer to deviations of

4In what follows, we use lowercase letters to denote the natural logarithm of
a variable—for example, yt = ln(Yt) for the log of nominal GDP—except for the
interest rate, which is in levels.
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Figure 2. Evolution of the Leverage and
Debt Service Gaps

Percent

Source: Authors’ calculations.

this variable from its long-term relationship as the debt service gap,
d̃srt, which can be written as

d̃srt = (crt − yt) + βdsriL,t − dsr, (2)

where iL,t is the nominal average lending rate on the stock of credit,
and dsr is a steady-state constant. Importantly, iL,t reflects not only
current interest rate conditions but also past money market rates,
past interest rate expectations, and past risk premia, as embedded in
the stock of outstanding contracts. Thus, it is influenced by current
and past monetary policy decisions.

Together, relationships (1) and (2) pin down the long-run level
of the credit-to-GDP ratio, consistent with real asset prices (via the
leverage gap) and the nominal lending rate (via the debt service
gap). In effect, when both leverage and debt service gaps are closed,
the credit-to-GDP ratio, real asset prices, and the lending rate take
values that are consistent with their long-run levels. We adopt this
as our measure of financial equilibrium.

Figure 2 depicts estimated leverage and debt service gaps for the
United States from 1985:Q1 to 2015:Q1.5 The debt service gap was

5Details of the estimation of the co-integration system are set out in the
appendix. Commercial property prices are not available before 1985 and, hence,
constrain the sample period.
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large and positive before and during the three recessions in our sam-
ple, in particular for the most recent one. By contrast, the leverage
gap was very low during the commercial real estate and leveraged
buyout (LBO) boom in the late 1980s and the housing boom in the
mid-2000s. This simply reflects the fact that asset prices tend to run
ahead of the credit-to-GDP ratio during booms, even as this ratio
increases beyond historical trends. In other words, while the credit-
to-GDP ratio soars during a credit boom, the leverage gap, as meas-
ured here, actually declines, because asset prices increase even more.
This also makes borrowers look deceptively solid in the boom phase.

2.2 A “Finance-Neutral” Filtering System

If financial factors play an important role in driving economic fluctu-
ations and contain information about the economy’s cyclical varia-
tions, then ignoring them is bound to provide less accurate estimates
of sustainable trajectories and trends. Building on previous work
which has found that financial variables can help improve estimates
of potential output (e.g., Arseneau and Kiley 2014, Borio, Disyatat,
and Juselius 2014, 2017), we construct a filtering system that allows
financial factors to play a role in business-cycle fluctuations and then
jointly estimate what might be termed the “finance-neutral” natural
interest rate and potential output—in the sense that the estimates
control for the influence of financial factors. Specifically, we modify
as little as possible the standard baseline framework of Laubach and
Williams (2003) to take the financial cycle into account.

The baseline system consists of four key equations. First, there
is a reduced-form IS equation linking the output gap, yt − y∗

t , to
the difference between the real rate and the natural rate, rt − r∗

t

(the interest rate gap), where rt = it − Etπt+1. For simplicity, we
assume that expected and actual inflation coincide, i.e., Etπt+1 = πt,
throughout.6 Second, there is a standard Hodrick-Prescott (HP)

6This is similar in spirit to Laubach and Williams (2003), who use a weighted
average of current and past inflation rates as a proxy for expected inflation.
In general, our system has a less elaborate autoregressive structure than theirs,
and we link potential output and the natural rate directly rather than adding an
additional equation for potential output growth. This leaves small high-frequency
components in our potential output and the natural rate estimates, but does not
otherwise affect the results.
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specification for potential output. The specification is very flexible
and can even accommodate a trending growth rate, but we later
impose technical restrictions that anchor it to actual output over
the medium to long run. Third, there is a Phillips curve, which
includes an inflation target, π∗. Finally, there is an equation linking
the natural interest rate to the growth rate of potential output and
a term, zt, capturing other determinants of the natural rate, such as
the rate of time preference. The system is closed with an equation
describing the evolution of zt.

With these choices, the baseline system, shown in black, becomes

yt − y∗
t = β3(yt−1 − y∗

t−1) − ϕ31(it−1 − πt−1 − r∗
t−1)

−ϕ32 l̃ev t−1 + ϑ3t (3)

y∗
t = 2y∗

t−1 − y∗
t−2 + ϑ4t (4)

(πt − π∗) = β5(πt−1 − π∗) + ϕ5(yt−1 − y∗
t−1) + ϑ5t (5)

r∗
t = β6r

∗
t−1 + (1 − β6)

(
zt +

1
ρ
4Δy∗

t

)
+ ϑ6t (6)

zt = β7zt−1 + ϑ7t (7)

l̃ev t = β8 l̃ev t−1 + ϕ81d̃srt−1 + ϕ82d̃srt−4 + ϕ83(rt−1 − r∗
t−1) + ϑ8t

(8)

d̃srt = β9d̃srt−1 + ϕ91 l̃ev t−1 − ϕ92 l̃ev t−4 + ϕ93ΔiL,t−1 + ϑ9t (9)

iL,t = iL,t−1 − ϕ101(iL,t−1 − it−1 − spr) + ϑ10t, (10)

where ϑit ∼ iid(0, σ2
i ) and the quarterly potential growth rate in (6)

is annualized by multiplying it by 4.
Our extension relative to the baseline system is shown in grey.

We first adjust the baseline system to allow for the possibility that
the leverage gap contains information about the output gap.7 If one
thought of the corresponding equation, (3), as a typical reduced-
form expenditure function, then the leverage could be regarded as

7An additional benefit of using an observable variable (the leverage gap) to
relate monetary policy and real outcomes in (3) is that it helps to anchor potential
output and the natural rate in the filter.
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a proxy for the strength of the credit constraint. It enters with a
negative sign because a positive leverage gap is associated with low
asset prices, and hence low credit growth and correspondingly lower
output.8 The specification dovetails with previous work, in which the
growth rates of credit and (residential) property prices were found to
greatly improve the estimates of potential output (Borio, Disyatat,
and Juselius 2014, 2017). The leverage gap can be seen as a more
structured way of capturing the same information.

If the leverage gap turns out to be informative for the output
gap (i.e., ϕ32 > 0), we also need an equation that characterizes its
evolution. Since the leverage gap drives a wedge between actual and
potential output, it is reasonable to relate it to deviations between
the actual and natural real interest rates. Rates above the natural
rate should decrease asset prices or output, which in turn increases
the leverage gap. In addition, the debt service gap feeds negatively
into asset price growth and, hence, boosts the leverage gap (Juselius
and Drehmann 2015). Since the debt service effect is quite sluggish
in the data, as a shortcut to modeling it with a more elaborate
autoregressive structure we allow it to enter with both one- and
four-quarter lags (equation (8)).

As Juselius and Drehmann (2015) show, there is a feedback loop
between the leverage gap and the debt service gap running from new
debt to the debt service and, in turn, from debt service to asset prices
and thereby back to the leverage gap. And this loop underpins how
the financial cycle interacts with the real economy. For instance, it
can lead to persistent endogenous cycles that pose a significant chal-
lenge for monetary policy. To capture this two-way interaction, we
allow the leverage gap to feed into the debt service gap in equation
(9). Again, we include both the first- and fourth-quarter lags of this
variable. The debt service gap is also directly related to changes in
the average nominal interest rate on debt.

Clearly, the average nominal interest rate on debt can be closely
influenced by monetary policy. We therefore postulate that the

8The effects from the leverage gap are unlikely to reflect more standard wealth
effects. Juselius et al. (2016) show that the leverage gap has a stable positive effect
on output growth via credit growth in a vector error-correction model (VECM).
This effect does not change when the growth rates of various asset prices enter
the model.
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average lending rate is a weighted average of the past lending and
policy rates with a constant, spr, in the long run. This is expressed
in equation (10).

3. Results

We now briefly describe the data used in estimating the system
(3)–(10) and the key results.

3.1 Data

We use quarterly time series for the United States from 1985:Q1
to 2015:Q1. Output, yt, is measured by real GDP. Our short-term
interest rate, it, is the three-month federal funds rate, and we use
the log change in the core personal consumption expenditure index
as our inflation measure, πt. To construct the leverage gap we also
need a credit stock and a general asset price index. As a measure for
the credit stock, crt, we use total credit from all sources to the pri-
vate non-financial sector, obtained from the financial accounts. Our
aggregate asset price index, pA,t, is a weighted average of residen-
tial property prices, commercial property prices, and equity prices.
The appendix provides details about its construction. The average
lending rate on the stock of credit, iL,t, is constructed by dividing
private-sector interest payments, recorded in the national accounts,
by the credit stock.9

3.2 Estimates

We estimate the parameters of the system (3)–(10) using a Bayesian
approach with relatively weak priors. We assume that all βj param-
eters follow the gamma distribution with mean 0.7 and standard
deviation 0.2. To ensure that the output gap is strictly stationary,
we restrict β3 to lie in the interval between 0 and 0.95, while we
allow the other autoregressive parameters to take any value in the

9We also account for financial intermediation services indirectly measured
(FISIM)—an estimate of the value of financial intermediation services provided
by financial institutions. When national accounts compilers construct the sectoral
accounts, parts of interest payments are reclassified as payments for services and
classified as output of the financial intermediation sector.
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unit interval. For ϕ31, ϕ32, ϕ5, ϕ85, and ϕ101, we assume the gamma
distribution with mean 0.3 and standard deviation 0.2 and that they
are positive. Since we split the cross-equational effects of the debt
service and leverage gaps between lags 1 and 4, we set the prior
means of ϕ81, ϕ82, ϕ91, and ϕ92 to 0.15 with corresponding stan-
dard deviations of 0.1. There is no good guide for setting the prior
of ϕ93, but a straightforward regression suggests that its value is
close to 10. Hence, we use this as prior mean with standard devia-
tion 0.5. Rather than estimating the discount rate, ρ, we set it to
0.99, in line with the literature. We also fix the inflation target, π∗

t ,
at 2.

We use the inverse gamma distribution for the shock variances.
We rely on historical variances of the first difference of HP-filtered
output, inflation, the leverage gap, the debt service gap, and the
average lending rate to calibrate the prior means of σ2

4,t, σ2
5,t, σ2

8,t,
σ2

9,t, and σ2
10,t respectively, as well as on the variance of HP-filtered

output growth (as a baseline for the natural rate) for the prior means
of σ2

6,t and σ2
7,t. We set the standard deviation to 0.5 for all of

them. Furthermore, to ensure that the output gap captures con-
ventional business-cycle frequencies, we fix its variance in relation
to the variance of potential output.10

Before turning to the estimates of potential output and the nat-
ural rate of interest, it is worth dwelling on some of the key coefficient
estimates (table 1).

The posterior estimates reveal that the leverage gap is an eco-
nomically more important output gap driver than the standard
real interest rate gap. The estimated coefficients (ϕ31 and ϕ32) are
broadly similar. But in the sample, the interest rate gap varies
between –3.5 and +1.5 percentage points, whereas the leverage gap
ranges from –20 to +27 percent, which translates into a –0.9 to +1.2
direct effect on the output gap. Moreover, the leverage gap is more
persistent, leading to much higher long-run effects.

10In particular, we set the scaling parameter λ = σ2
3,t/σ2

4,t in such a way that
the ratio between the sample variance of the output gap and the acceleration of
potential output is similar to that of the HP filter. This gives approximately the
same frequency cutoff for the business cycle as in the HP case. The two filters
coincide if β3 = ϕ31 = ϕ32 = 0. See Borio, Disyatat, and Juselius (2014) for an
in-depth discussion of these restrictions.
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This suggests that the leverage gap is an important output gap
driver and one of the main channels through which monetary policy
can influence the real economy. But how effective is the real interest
rate as a tool for controlling the gap? The answer is “not very.” The
coefficient estimate of the real interest rate gap in (8), ϕ83, is about
0.007. Given the leverage gap range, this is tiny on impact. But given
the leverage gap’s high degree of persistence, the effect is eventually
twenty times as large and implies that a 1 percentage point increase
in the real rate above the natural rate increases the leverage gap
by 0.13 percentage points. That said, the real interest rate effect on
the output gap is much smaller than that reported in Laubach and
Williams (2003). One reason might be that we use a shorter sample
owing to the limited availability of commercial property prices.

The estimates of equation (8) also reveal that the lagged debt
service gap terms are important drivers of the leverage gap. Given
the range of the debt service gap, its economic effect is about ten
times as large as that of the interest rate gap. The debt service
gap, in turn, is also affected by the leverage gap. This gives rise to
the potential for endogenous cycles (Juselius and Drehmann 2015).
Moreover, via the effects on the lending rate (equation (10)), the
nominal policy rate is directly linked to the debt service gap, imply-
ing a transmission channel from debt service to leverage and finally
to output and inflation.

The estimates of the Phillips curve, (5), seem reasonable. The
coefficient on lagged inflation is very close to unity. For simplicity,
we impose this value strictly, in line with much of the literature. The
coefficient on the output gap is rather small, but this is consistent
with the literature pointing to a weak link between domestic slack
and inflation. Finally, the estimates for the zt factor suggest that
this element is clearly stationary and relatively small.

Figure 3 compares our estimates of the output gap and the nat-
ural interest rate with those of Laubach-Williams (2015b).11 Two
points stand out with respect to the output gap (left-hand panel).

First, when estimated over the full sample, the two gaps move
together from the mid-1990s. Recognizing the financial tailwinds, our
output gap measure clearly indicates that the economy was running

11Note that these are two-sided, not real-time, estimates.
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Figure 3. The Financial Cycle: Implications for
the Natural Rate and Trend Output

Output gap Natural rate Potential output
Percent Percent Log levels

Sources: Laubach and Williams (2015b); national data; authors’ calculations.
Notes: The finance-neutral variables are the result of estimating system (3)–
(10). For the Laubach-Williams variables, we show the results of the two-sided
filter using data until 2015:Q3 taken from Laubach and Williams (2015b).

above sustainable levels in the years leading up to the financial crisis.
Conversely, output was below potential in the aftermath of the crisis
owing to the substantial financial headwinds. The fact that output
moved above potential towards the end of the sample reflects the
significant support that financial factors provided to the U.S. econ-
omy during that phase, with leverage and debt service below their
long-run levels.

Second, in contrast to the Laubach-Williams output gap, which
is persistently negative during most of the 1980s and 1990s, ours
is positive ahead of the recession in the early 1990s and only neg-
ative afterwards. This is because a financial boom was under way
at the time, qualitatively similar to the one that preceded the more
recent crisis but smaller. Indeed, some banks faced serious strains in
the early 1990s, and the expression “financial headwinds” was quite
common (Greenspan 2004).

A variance decomposition also provides a different perspective
on the drivers of the output gap than what the standard literature
would suggest. In particular, inflation contributes next to nothing to
the variance in the output gap in our specification (left-hand panel,
figure 4). The leverage gap is the main contributor, followed by the
real interest rate gap.
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Figure 4. The Financial Cycle Helps Explain the
Variation in the Output Gap and the Natural Rate

(variance decomposition of the output gap
and the natural rate, in percent)

Output gap Natural rate

Sources: National data; authors’ calculations.

For present purposes, the focus is on the natural interest rate
(middle panel, figure 3). In particular, our estimate shows a decline
from 4 percent to 0.9 percent over the last thirty years. This is in
line with the downward trend in potential output growth (right-
hand panel, figure 3). Starting in 2000, our natural rate estimate
has clearly declined by less than its Laubach-Williams counterpart.
Interestingly, actual interest rates (see figure 1) have remained below
the estimated natural rate for almost the whole period under study.
Sharp interest cuts in response to financial strains in the early 1990s,
early 2000s, and 2008 were not taken back in the ensuing normal-
ization phase, suggesting substantial policy asymmetry with respect
to the financial cycle. Finally, given the tight specification, GDP
growth accounts for most of the variance in the evolution of the
natural rate (right-hand panel, figure 4).

By contrast, the natural rate estimated by Laubach-Williams is
consistently below our estimates and is currently negative (middle
panel, figure 3). This reflects the emphasis the framework places on
inflation in pinning down both the natural rate and potential out-
put, through the IS curve and the Phillips curve, respectively. In the
early part of the sample, the downward trend in inflation leads to
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Figure 5. A Comparison of Various Natural Rate
Estimates (in percent)

Sources: Laubach and Williams (2015b); Lubik and Matthes (2015); Kiley
(2015); Johannsen and Mertens (2016); authors’ calculations.

a persistently negative output gap and thus to an estimate of the
natural rate that is generally below the real interest rate. Since the
mid-90s, the Laubach-Williams estimates of the output gap fluctu-
ate around zero. And given the IS curve, which depends only on
the interest rate gap, the estimated natural rate must be below the
observed real rate whenever the output gap is negative. In contrast,
our estimates are less sensitive to these factors, as the Phillips curve
and the interest rate gap in the IS curve do not play such prominent
roles.

For broader comparison, figure 5 plots our estimates of the
finance-neutral natural rate alongside those constructed in a num-
ber of recent papers. For instance, Lubik and Matthes (2015) derive
an estimate from a time-varying parameter vector autoregressive
model for real GDP, inflation, and the real interest rate. Despite the
sharp difference in method, they obtain estimates that are remark-
ably similar to those of Laubach and Williams. By contrast, using
a framework that is similar in spirit to ours, Kiley (2015) finds that
estimates of the natural rate become much higher once one augments
the IS curve with additional financial variables, such as a corporate
bond spread and credit growth. While the resulting estimates fluc-
tuate less than ours and are generally lower, the estimated levels
are very close in the recent period. A similar finding also appears in
Johannsen and Mertens (2016), who estimate the expected long-run
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value for the real federal funds rate from an empirical model of the
shadow rate that conditions on a long-term interest rate and the
Congressional Budget Office unemployment gap.

Finally, it should be noted that our filtering system is quite
robust in real time, confirming previous work on output gaps using
financial information (Borio, Disyatat, and Juselius 2014, 2017).
Coefficients hardly change, so that we obtain very similar output gap
and natural rate estimates even after observing more data (Juselius
et al. 2016). This is a very desirable property from a policymaking
perspective.

4. The Financial Cycle and Monetary Policy

The above filtering system suggests that much of the cyclical move-
ments in output can be attributed to financial factors. Moreover, the
strong feedback dynamics between the leverage gap and the debt ser-
vice gap suggest that the current state of the business cycle alone
may be too crude a guide for policy. Recognizing this should lead to
a different design of stabilization policies, not least that of monetary
policy. In this section we take a preliminary step in exploring this.
To do so, we propose a modification to a standard monetary policy
rule, by including a systematic response to financial developments.
We then evaluate our policy rule in an illustrative counterfactual
experiment.

4.1 An Alternative Monetary Policy Rule

As an alternative policy rule, we start from the popular Taylor rule
and change it in two respects. First, consistent with our analysis,
we allow the natural rate to change over time, i.e., the intercept in
the rule is no longer a constant. This is quite standard.12 Second,
we augment it with a financial-cycle indicator. The simplest way of
doing this is to add the debt service gap. As the filter shows, the

12Carlstrom and Fuerst (2016) analyze this formally, in particular within
a standard New Keynesian model with r∗

t = r∗ + Δprodt, where Δprod is
expected productivity growth. They then assess Taylor rules of the form it =
(r∗ + α(r∗

t − r∗) + π∗ + 1.5(πt − π∗) + 0.1(yt − y∗
t )).
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debt service gap closely influences the leverage gap and hence the
output gap (see equations (8) and (3)). And in comparison with the
leverage gap, the debt service gap is strongly influenced by policy
through lending rates (equations (9) and (10)). Thus, including the
debt service gap in the policy rule is one way to increase traction
over the financial cycle. Hence, we analyze the following rule:

it = ρit−1 + (1 − ρ)(r∗
t−1 + π∗ + 1.5(πt−1 − π∗)

+ 0.5(yt−1 − y∗
t−1) − λ d̃srt−1). (11)

Here, we set ρ = 0.85 and λ = 0.75. In Juselius et al. (2016), we
also explored other values for λ, including λ = 0, so that our rule
collapses into the standard Taylor rule with a time-varying intercept
that equals the natural rate.

4.2 A Counterfactual Experiment

To assess the potential benefits from monetary policy taking into
account the financial cycle, we conduct a counterfactual exercise in
which we embed the new policy rule in the economy as estimated
by the filter. We essentially ask what the evolution of the econ-
omy would have been from a given point in time if (i) policymakers
followed the policy rule in (11), (ii) agents’ behavior remained invari-
ant, so that the reduced-form structure of the economy estimated
by the filter did not change, and (iii) the economy was hit by the
same historical shocks, including for instance the financial crisis,
but excluding shocks to monetary policy. Put differently, differences
between the counterfactual and historical outcomes are solely due
to the systematic policy interest rate path.

The assumption that agents’ behavior does not change as we
change the systematic policy response is obviously at odds with the
Lucas critique. This concern should not be understated. That said,
we draw some comfort from past studies that have found that the
Lucas critique may be of limited relevance in practice.13 For instance,

13Relaxing some of the strong assumptions that underpin mainstream mone-
tary policy models could weaken the force of Lucas’s argument even theoretically.
For example, incorporating features such as rule-of-thumb agents, model uncer-
tainty, ambiguity, incomplete information, multiple equilibria, or constrained
agents can have this effect.
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a common finding is that the parameters of empirical VARs are
remarkably stable despite changes in estimated policy equations in
the sample (e.g., Favero and Hendry 1992, Leeper and Zha 2003,
Rudebusch 2005).14 In addition, in Juselius et al. (2016) we imple-
ment an analogous counterfactual analysis with a slightly different
approach and obtain very similar, in fact stronger, results.

Nevertheless, given that our counterfactual alters the monetary
policy rule rather than just its coefficients, the Lucas critique may
have more force in this context. Even then, at least two aspects are
worth highlighting.

First, the Federal Reserve has seemingly reacted to debt service
burdens in the past. For instance, it explicitly took debt service bur-
dens into account when setting policy under Greenspan (Greenspan
1993). In addition, in Juselius et al. (2016) we find some evidence
that it has, directly or indirectly, reacted to a high debt service bur-
den also more recently. If so, our policy experiment would involve
more a change in the intensity of the policy response than a funda-
mental change in the reaction function’s shape.

Second, in some respects, an explicit acknowledgement of the
Lucas critique might even strengthen our results. As explained
below, monetary policy potentially has a large impact on output
dynamics through its influence on the financial cycle. Were market
participants to internalize the systematic response to financial devel-
opments, the policy’s effectiveness in dampening the financial cycle
could arguably be greater.

Despite these arguments, we fully acknowledge the shortcom-
ings of our counterfactual exercise. On balance, given the potential
changes in behavior, our results can at best be seen as giving a
rough indication of the benefits of a policy shift—a preliminary step
that will need to be corroborated by further research and different
approaches.

14Linde (2001) and Lubik and Surico (2010) argue that these findings are due
to the weak power of the stability tests. They find that changes in policy led to
corresponding changes in the VAR parameters. But even if such changes can be
detected statistically, they do not seem to be very large economically.
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To implement the counterfactual experiment, we follow an iter-
ative procedure, starting from 2003:Q1 as t0:15

(i) Derive the natural rate r∗
t0−1 and the output gap (yt0−1 −

y∗
t0−1) using the estimated filter.

(ii) Set policy rate for t0 as it0 = 0.85ρ + 0.15(r∗
t0−1 + π∗ +

1.5(πt0−1 −π∗)+0.5(yt0−1 −y∗
t0−1)−0.75d̃srt0−1) if this leads

to it0 > 0 or set it0 = 0 otherwise.
(iii) Use the estimated filter and generate predictions of all vari-

ables in the system for time t0 conditional on the new policy
rate and the retained errors εt0 .

(iv) Redo steps (i)–(iii) for t0 + 1, t0 + 2 . . . until the end of the
sample.

The various caveats notwithstanding, the counterfactual exercise
shows that the alternative policy rule potentially yields considerable
output gains compared with actual history with little change in infla-
tion. By the end of the simulation period the cumulative output gain
is over 15 percent, or around 1.25 percent per year (top left-hand
panel, figure 6). As both the debt service gap and the leverage gap
are initially negative—the latter strongly so—the policy rule calls
for leaning against the financial boom by raising rates (second row,
figure 6). Initially, the negative leverage gap and higher rates drive
up debt service, which in turn helps to stabilize the leverage gap.
But higher policy rates also weigh on economic activity. In fact,
output in the counterfactual policy prior to 2008:Q4 is on average 1
percent lower than actually experienced. These output losses, how-
ever, are more than offset by the gains during the Great Recession,
which still occurs also because the Lehman shock is included in the
counterfactual. Moreover, lower financial imbalances in the form of
lower debt service and leverage gaps mean that output after 2008 is
on average 3 percent higher in the counterfactual than historically
(third row, figure 6). And the leeway created by following the policy
rule pre-crisis also means that interest rates are on average higher.
As such, the central bank retains greater room for policy maneuver.

15In Juselius et al. (2016), we also explore a counterfactual which starts in
1996. We find that an earlier implementation succeeds in containing financial
imbalances much better, thereby leading to higher gains.
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Figure 6. Leaning Against the Financial Cycle
Improves Economic Performance

GDP Inflation
Log levels Percent

Real short-run money market rate Nominal short-run money market rate
Percent Percent

Leverage gap Debt service gap
Percent Percent

Sources: National data; authors’ calculations.
Notes: In the counterfactual experiment, we set policy in line with an augmented
Taylor rule that takes account of the finance-neutral natural rate, the finance-
neutral output gap, and the debt service gap in line with equation (11). Results
are based on the filter (3)–(10). We retain the historical errors to derive the evo-
lution of the variables in the counterfactual. The counterfactual policy starts in
2003:Q1.

These output gains come with little change in overall inflation
performance. This is not too surprising given the low traction that
the output gap has on inflation in the filter. In fact, the output
gap is, on average, smaller in the counterfactual. In particular, after
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2010, output is close to potential and inflation ends up being a bit
higher and closer to target, not lower.

It should be noted that retaining the Lehman crisis residuals
stacks the deck against us. Presumably, had the authorities suc-
ceeded in restraining the boom in the first place, the shock might
have been smaller, and might not even have materialized. This
should be considered when evaluating the findings.

Finally, by making minimal changes to the standard filtering
framework, we have deliberately restricted the extent to which the
financial cycle, and hence monetary policy, can affect longer-run out-
put trajectories. In particular, potential output and the natural rate
are fully exogenous in the filter and do not change with changes
in monetary policy. Moreover, since we assume that the estimated
shocks from the filter also occur in the counterfactual experiment,
both of these variables will take exactly the same paths as in the
full sample. In the more elaborate, flexible, and in our view more
realistic, setup detailed in Juselius et al. (2016), where economic tra-
jectories are modeled through a VECM, not only are output gains
under the alternative policy rule more persistent, but the natural
rate estimates in the counterfactual are also higher. Thus, the results
presented in this section in some sense can be viewed as a conserva-
tive illustration of the extent to which the monetary policy–finance
nexus can influence macroeconomic outcomes.

4.3 Policy Considerations

Our analysis points to a number of possible shortcomings of the typ-
ical empirical framework employed to consider the benefits and costs
of a “leaning against the wind” policy intended to reduce financial
instability risks. In that framework, policy is calibrated to reduce the
probability of a crisis by deviating temporarily from its usual system-
atic response to influence a variable, typically credit growth, found
empirically to have good leading-indicator properties for banking
crises (e.g., Svensson 2014, 2016; IMF 2015).

First, the typical empirical framework understates the costs of
financial imbalances to the extent that it ignores persistent, and pos-
sibly permanent, effects on the level of output. Our analysis above
shows that the output effects even in the simple system can be quite
persistent. In the more flexible framework of Juselius et al. (2016),
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the impact of the financial cycle on output lasts much longer, which
is more consistent with the evidence that crises may have permanent
effects on the level of output (Cerra and Saxena 2008, BCBS 2010,
Ball 2014). Moreover, these costs may arise even if a full-blown crisis
does not occur. Hence, the costs of neglecting the financial cycle are
likely to be an order of magnitude higher.

Second, the typical empirical framework underestimates the con-
tribution of monetary policy to the imbalances. This is because it
focuses on its marginal effect on the variables of interest, typically
credit growth, but ignores its cumulative impact, notably on the
credit-to-GDP ratio, and hence, through them, on the economy’s
path.16 In addition, whenever the debt service ratio is ignored, the
relevance of monetary policy is understated further, given its first-
order effect on interest payments.

Third, for much the same reasons, the typical empirical frame-
work can be misleading. Thinking of a “leaning against the wind”
policy as one that involves temporary deviations from an otherwise
standard rule is not that helpful. What matters is the systematic
policy followed along the whole financial cycle, i.e., avoiding stray-
ing persistently too far away from financial equilibrium, with large
buildups in the two financial gaps. Following a “business as usual”
policy most of the time, combined with occasional leaning only once
the signs of financial imbalances become obvious, would result in
doing too little too late. At worst, the central bank could simply be
seen as precipitating the very recession it wishes to prevent. Selective
attention is not the answer. A “through-the-cycle” policy is called
for.17

16One could raise a similar objection to the leading indicator of the crisis
itself—credit growth. It is not credit growth per se that provides a good signal
but the cumulative growth over and above certain thresholds alongside other
developments, such as abnormal increases in asset prices (Borio and Drehmann
2009) or the behavior of the debt service burden (Drehmann and Juselius 2013).
For example, periods of rapid credit growth early on in the cycle are unlikely
to signal impending crises. All of this introduces “noise” in the indicator’s pre-
dictive content. This, in turn, will inevitably reduce the benefits of a leaning
policy.

17See also Filardo and Rungcharoenkitkul (2016), who reach broadly similar
conclusions based on a model that highlights the importance of the systematic
policy rule when the financial cycle is endogenous.
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At the same time, we should not take the suggested rule too
literally. For instance, looking more closely at the behavior of the
underlying variables, the policy would have called for starting to
ease around the peak in property prices and when credit expan-
sion was still rather strong. This is because at that point the debt
service gap switches sign, moving above its long-term average. It
may well take a brave central bank, with great confidence in the
underlying relationships, to stop tightening under those conditions.
This puts a premium on the use of complementary tools, such as
macroprudential measures, in the later stages of financial booms.

The analysis highlights the risks of policies that are asymmetri-
cal in relation to the financial cycle. This is, in effect, what a policy
focused primarily on inflation and short-term output fluctuations
can produce, as the U.S. example here illustrates—simply one among
many. Such a policy does little, if anything, to restrain the upswing
but reacts strongly and persistently to the downswing. In the case
in question, it translates most conspicuously into an asymmetry in
the evolution of the debt service gap, which was positive on average
over the sample from 2000, ultimately resulting in a lower output
path.

The risks involved are apparent. Over time, such an asymmetrical
policy can impart a downward bias to interest rates as the buildup
of debt over successive boom-bust cycles leads to depressed eco-
nomic activity, making it increasingly hard to raise interest rates—a
kind of “debt trap” (Borio and Disyatat 2014, Borio 2016). That is,
both the leverage and debt service gaps end up being significantly
above their long-run equilibrium levels and the growth impetus from
already low interest rates is limited. At this point, the economy is
overindebted and overleveraged, making it difficult to raise rates
without damaging it.

These considerations highlight the possibility that, in more ways
than one, over long horizons low interest rates may become, to some
extent, self-validating. Low rates may beget lower rates as monetary
policy contributes to financial booms and busts. And to the extent
that these forces exert a temporary, if potentially persistent, impact
on potential output growth, the natural rate may also be affected.
Either way, policy rates would not be just passively reflecting some
deep exogenous forces; they would also be helping to shape the eco-
nomic environment policymakers take as given (“exogenous”) when



Vol. 13 No. 3 Monetary Policy, the Financial Cycle 81

tomorrow becomes today. Path dependence is key. Unless financial
factors are taken more systematically into account, and a sufficiently
long horizon is adopted, policy steps that appear reasonable when
taken in isolation may take policy astray when considered as a
sequence. Central banks need to carefully weigh the medium- to
long-term side effects of policy working through the financial cycle
against the benefits of short-term stimulus.

5. Conclusion

The critical role that financial developments play in economic fluc-
tuations has long been recognized. Yet the prevailing analysis of
the business cycle, and of its relationship to interest rates, does
not exploit these interlinkages much. The extraction of trends and
long-run equilibrium variables, such as potential output and the nat-
ural interest rate, need to go beyond the standard full employment-
inflation paradigm. Surely, equilibrium outcomes should also be sus-
tainable. If the ebb and flow of the financial cycle coincides with
damaging economic booms and busts, then assessments of the sus-
tainability of a given path for output or interest rates need to take
financial developments into account. Financial and macroeconomic
stability are essentially two sides of the same coin.

In contrast to the prevailing view, we argue that an exogenous
decline in the natural real interest rate provides an incomplete expla-
nation of the observed trend reduction in real interest rates and
of their persistence at ultra-low levels today. Based on U.S. data,
we find that if one considers the influence of the financial cycle,
the estimated natural interest rate is generally higher and, on bal-
ance, has declined by less since the 2000s. Moreover, policy rates
have been persistently below this estimate. We also find that mon-
etary policy has a first-order effect on the financial cycle and that
financial busts can have very persistent effects on output. Together,
these findings indicate that part of the observed decline in mar-
ket interest rates reflects the interaction between monetary policy
and the financial cycle. They suggest that policy has leaned aggres-
sively and persistently against financial busts, but has failed to lean
sufficiently promptly and deliberately against financial booms. The
resulting asymmetry appears to have contributed to a downward
bias in interest rates.
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Accordingly, an illustrative counterfactual experiment suggests
that a policy rule that systematically takes into account financial
developments helps to dampen the financial cycle, leading to higher
output with little change in inflation. Such a policy can also result
in a smaller decline in the estimated natural rate. Because of well-
known econometric limitations, this part of the analysis should be
interpreted with great caution. At a minimum, though, it indicates
that it is inappropriate to think of a financial-stability-oriented mon-
etary policy as one that simply leans against signs of the buildup of
financial imbalances only when they become evident. Such a “selec-
tive attention” strategy could easily result in doing too little too
late and would likely backfire. Rather, the right policy would need
to take financial considerations systematically into account, never
straying too far away for too long from some notion of “financial
equilibrium.” We conjecture that this conclusion, and the merits of
such a policy more generally, will withstand further scrutiny.

Clearly, our analysis is just one small further step in the develop-
ment of a monetary policy framework that takes financial stability
considerations, broadly defined, into account. For one, rather than
being based on a fully fledged “structural” model, it hinges on some
key statistical relationships found in the data. While these could
in principle be derived from more fundamental behavioral relation-
ships and embedded in a system better suited for counterfactual
policy analysis, we leave this for future work. Similarly, the econo-
metric findings would be more convincing if they were shown to hold
both across countries and monetary policy regimes. This would go
a considerable way in addressing also the Lucas critique. We leave
this, too, for future work.

Despite the limitations of our analysis, we hope to have shown
that it is possible to make further progress in making a financial-
stability-oriented monetary policy framework more operational. And
as argued elsewhere (Bank for International Settlements 2014, 2015),
recognizing this could help integrate monetary policy into a more
holistic and balanced macrofinancial stability framework that would
include also other policies, notably prudential and fiscal policies.
This would be a more effective way of promoting lasting monetary,
financial, and macroeconomic stability.
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Appendix. The Leverage and Debt Service Gaps

In this appendix, we discuss the construction and estimation of the
leverage and debt service gaps.

To accurately measure the debt service gap, we need the aver-
age interest rate on the stock of debt. This variable can be obtained
from the national accounts as gross interest payments plus financial
intermediation services indirectly measured divided by the stock of
credit (Drehmann et al. 2015).

For the leverage gap we need an aggregate asset price index. This
is generally not available and has to be constructed from the price
indexes of various sub-asset classes. Given stark differences between
the types of collateral used by households (HH) and firms (NFC),
as well as changes in the sectoral composition over the sample, we
first estimate separate asset price indexes for each sector separately
from long-run empirical relationships of the form

l̃ev
s

t = cs
t −s

t −αs
1p

r
res,t − αs

2p
r
com,t − (1 − αs

1 − αs
2)p

r
eq,t − μs

lev ,

where pres,t denotes residential property prices, pcom,t represents
commercial property prices, and peq,t stands for equity prices. These
asset prices are obtained from the BIS databases. Superscript s =
H,NFC is used to denote the type of agent and superscript r is used
to denote real values (e.g., pr

res,t = pres,t − pt). We then construct
the aggregate asset price as a weighted average

pr
A,t = ωtp

r,HH
A,t + (1 − ωt)p

r,NFC
A,t ,

where ωt is the share of private non-financial credit in the household
sector.

We estimate the long-run parameters αs
j for each sector from

separate VAR models in error-correction form. Using Johansen’s
likelihood ratio test, we find that the co-integration rank is one
in both cases. Moreover, formal exclusion tests suggest that com-
mercial property prices and equity prices can be excluded for the
households, whereas residential property prices can be excluded for
the NFCs. Doing so gives us the estimates, pr,HH

A,t = pr
res,t and

pr,NFC
A,t = 0.72pr

com,t + 0.28pr
eq,t. By a similar approach, we obtain

the estimate βdsr = 5.54 in (2). The details of these estimations can
be found in Juselius et al. (2016).
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Juselius et al. (2016) investigate the robustness of the estimates
with respect to different samples. Despite their relatively high per-
sistence, the two gaps can be accurately estimated from any sample
that uses data up to at least 2003. The difference between the full-
sample leverage gap and the gaps estimated over different subsam-
ples is at most 2.5 percentage points, except in the mid-1980s where
the difference is slightly higher. The stability of the debt service gap
is even greater: the corresponding difference is at most 1.6 percent-
age points. Crucially, this implies that the gaps do not depend on
the Great Recession and the financial boom that preceded it.

In Juselius et al. (2016), we also compare our estimated gaps
with purely data-based measures as given by the credit-to-assets
ratio for the financial accounts and debt service ratios calculated
using a Federal Reserve Board methodology (Dynan, Johnson, and
Pence 2003). The correspondence between these measures is close,
suggesting that they broadly capture the same information.18
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Discussion of “Monetary Policy, the Financial
Cycle, and Ultra-Low Interest Rates”∗

Marc P. Giannoni
Federal Reserve Bank of New York

1. Introduction

Several recent papers have documented a trend decline in real inter-
est rates at least since the late 1990s in the United States and other
countries (see, e.g., Holston, Laubach, and Williams 2017, among
others). While monetary policy has slashed the federal funds rate
in the wake of the Great Recession and kept it near zero until the
end of 2015, researchers have argued that the low rates reflect in
large part a depressed real “natural rate of interest,” r∗, i.e., an
interest rate that would prevail if output were equal to its potential.
Such an interest rate, which abstracts from monetary policy, cap-
tures the effects of real forces that affect investment and national
saving. The natural rate of interest is often considered as a useful
guide for monetary policy. By setting the real policy rate in line
with the natural rate, monetary policy tends to accommodate fluc-
tuations in the economy so as to bring output in line with potential
output, at least in simple models. Furthermore, to the extent that
inflation depends on the output gap, i.e., the gap between output
and its potential, monetary policy could in principle stabilize output
around its potential as well as inflation.

In their paper “Monetary Policy, the Financial Cycle, and Ultra-
Low Interest Rates,” Mikael Juselius, Claudio Borio, Piti Disyatat,
and Mathias Drehmann (henceforth JBDD) criticize this approach

∗The views expressed herein are solely those of the author and do not nec-
essarily reflect those of the Federal Reserve Bank of New York or the Federal
Reserve System.
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as being too narrowly focused on inflation and the output gap, and
as omitting, in their view, a key driver of economic fluctuations:
the financial cycle. The paper’s contributions are threefold. First,
it proposes a thought-provoking account of the U.S. economy’s evo-
lution over the past three decades, in which monetary policy has
a first-order impact on the financial cycle. Fluctuations in financial
variables such as leverage and the debt service burden cause in turn
inefficient output booms and busts. This results in large fluctuations
in the output gap. Second, the authors revisit the measurement of
the natural rate of interest. While r∗ is, in popular analyses, the
real rate that equates the output with the potential output, JBDD
propose an alternative natural rate that accounts for the financial
cycle. A key finding of the paper is that the estimate of the pro-
posed natural rate tends to be higher than the more conventional
r∗ over the past three decades, and furthermore declines consider-
ably less than conventional estimates during the recent Great Reces-
sion. The authors conclude from this that actual policy rates have
been persistently lower than the natural rate that appropriately
adjusts for financial cycles. Furthermore, they conclude that past
loose monetary policy caused financial imbalances, output booms,
and busts, which in turn led to the recent ultra-low rates. JBDD
in turn recommend that monetary policy “lean against the wind”
and respond systematically to short-term fluctuations in the finan-
cial cycle. They specifically propose a Taylor-type interest rate rule
that responds to financial indicators, and argue, using a simple
counterfactual experiment, that following such a policy rule would
have improved economic and financial stability relative to the actual
policy.

The paper raises numerous important questions: in particular,
to what extent should policymakers worry about the financial cycle,
above and beyond the mandated macroeconomic objectives? This
paper provides a valuable contribution to this debate. It is very
thought provoking and states important policy implications. The
paper deserves attention and careful reading. The analysis is well
executed, and the underlying working paper (JBDD 2016) contains
important additions, numerous robustness checks, and appendixes.
However, while the paper states strong conclusions and unequivocal
policy implications, I am not convinced that the evidence provided
in the paper supports these conclusions.
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In the rest of my comments, I focus on the authors’ character-
ization of the financial cycle, on the interpretation of the “finance-
neutral” r∗, and argue that there are good reasons for the policy
rate not to track the authors’ proposed “finance-neutral” r∗. In the
end, while I applaud the authors’ valuable efforts to merge financial
cycle considerations with a macroeconomic and monetary model, I
remain unconvinced by the paper’s main claim, namely, that policy
should have tracked more closely the authors’ “finance-neutral” r∗,
which is on average higher and has declined less than other popular
estimates.

2. The Financial Cycle

To determine the finance-neutral natural rate of interest, the authors
augment the popular Laubach-Williams (2003) model with two vari-
ables that they argue characterize well the financial cycle. These
variables, initially proposed in Juselius and Drehmann (2015), are
the leverage gap and the debt service gap, each expressed in devia-
tions from a respective long-run cointegrating relationship. The first
relationship assumes that the credit-to-GDP ratio is in the long run
directly proportional to the real price of assets.1 The second rela-
tionship assumes that the credit-to-GDP ratio moves in the long
run one-for-one with the average lending rate on the outstanding
stock of credit, which depends on current and past monetary policy.
The assumption of these two cointegrating relationships implies that
any gap or deviation from these long-run relationships must reverse
over time. For instance, JBDD argue that if leverage is below its
long-run value (a negative leverage gap), which could be caused by
unusually high asset prices, then credit would subsequently tend to
rise faster than GDP to restore the leverage back to its “normal”
level. A “financial equilibrium” obtains when both leverage and debt
service gaps are closed.

While the assumption of cointegrating relationships may be rea-
sonable in many circumstances, it is not innocuous. It does exclude

1Juselius and Drehmann (2015) justify this by assuming (i) that leverage
(LEVt) defined as the ratio of nominal credit (CRt) to the nominal value of
assets (At) is constant in the long run, and (ii) that the nominal value of assets
divided by the nominal price of assets is proportional to real GDP.
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permanent changes to a “normal” leverage level (say as a result
of securitization, for instance) or to a “normal” debt service. The
authors justify the long-run relationships not with theory, but by
failing to reject the cointegration between those variables over the
past three decades, and by arguing that the parameters involved
have remained stable. I find this empirical evidence unconvincing.
As Elliott (1998) demonstrated, standard hypothesis tests for coin-
tegration depend heavily on the assumption of exact unit root in
the model; for near unit root, these tests have low power to reject
no cointegration. Moreover, the assumption of a unit root in interest
rates is a priori questionable.

3. The Financial Cycle and the Macroeconomy

Assuming that we have appropriately characterized the financial
cycle, the next question is how does it affect the macroeconomy?
JBDD consider a variant of the model by Laubach and Williams
(2003) composed of a dynamic IS equation of the form

yt − y∗
t = β3

(
yt−1 − y∗

t−1
)

− ϕ31
(
it−1 − πt−1 − r∗

t−1
)

− ϕ32 l̃ev t−1 + ϑ3t,

where yt is log output, y∗
t denotes log potential output, it is the nom-

inal interest rate, πt is inflation, r∗
t is the real natural rate of inter-

est, l̃ev t denotes the leverage gap, and ϑ3t is an exogenous shock; a
Phillips curve

πt − π∗ = β5 (πt−1 − π∗) + ϕ5
(
yt−1 − y∗

t−1
)

+ ϑ5t;

an equation determining the evolution of the natural rate of interest

r∗
t = β6r

∗
t−1 + (1 − β6)

(
zt + ρ−14Δy∗

t

)
+ ϑ6t;

and exogenous processes describing the evolution of potential output
y∗

t and zt. This model is reminiscent of the simple New Keynesian
model (e.g., Woodford 2003; Gaĺı 2008). However, while the New
Keynesian model results from agents’ explicit optimization prob-
lems, which yield forward-looking relationships, the present model
assumes backward-looking relationships that are harder to justify on
theoretical grounds. That said, the model expands on the popular
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Laubach-Williams (2003) model by adding the leverage gap to the
IS equation.

The authors explain that the leverage gap is meant to loosely
capture the strength of the credit constraint. A positive leverage
gap implies that the credit-to-GDP ratio is high relative to asset
prices. Given that the leverage gap is assumed to return to its initial
steady state, going forward credit growth is expected to be lower
than GDP growth. The authors argue that, somehow, this is meant
to depress current GDP (ϕ32 > 0). While the authors take comfort in
estimating a strong negative correlation between their leverage gap
variable l̃ev t and the output gap yt − y∗

t , I remain skeptical about
the setup in the absence of a solid foundation and clear mechanisms
justifying their equations.

3.1 On the Dangers of Backward-Looking Models

I have little doubt that the model provides a decent fit of the data.
I am, however, concerned that the seemingly benign assumption of
backward-looking relationships may have important implications for
the interpretation of the results and hence the policy recommenda-
tions. This affects both the assessment of the effects of interest rate
changes on economic activity and the influence of financial cycles on
the economy.

First, estimates of the parameters entering the IS equation sug-
gest that the leverage gap has a much greater impact on the output
gap than interest rates: while the parameters estimates ϕ31 = 0.037
and ϕ32 = 0.045 are roughly the same, the leverage gap fluctuates
considerably more than the interest rate in relation to the natural
rate. Hence, according to the authors, the leverage gap “is one of the
main channels through which monetary policy can influence the real
economy.” Furthermore, they find that the real interest rate is not
a very effective tool for controlling the leverage gap itself. Having
obtained that result, it is understandable that the authors conclude
that a primary focus of monetary policy should be to stabilize the
financial cycle instead of attempting to close the output gap directly.
However, that argument relies crucially on the finding that interest
rates have relatively little impact on output. That result is, however,
in contrast with typical estimates of medium-scale dynamic sto-
chastic general equilibrium models (e.g., Smets and Wouters 2007;
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Del Negro, Giannoni, and Schorfheide 2015), or studies based on
survey of the consumer expectations (Crump et al., 2015), which
obtain considerably larger estimates of the intertemporal elasticity
of substitution.

One key difference, as mentioned above, is that the proposed IS
equation is backward looking. This makes it difficult to infer a struc-
tural estimate of the response of output to interest rate changes. To
see why, imagine that interest rates have a large effect on output and
the central bank sets its policy rate so as to stabilize the output gap
next period, given all information available. If the central bank is
successful, the interest rate movements should offset any shock that
is about to move the output gap one way or the other. As a result,
we should observe almost no correlation between the current policy
rate and the next period’s output gap. In such an environment, one
would likely estimate a very low value for ϕ31, even though interest
rates have by assumption a large impact on output: the coefficient
ϕ31 would confound both the impact of interest rate on output and
the policy response. To address this problem, a structural model
that disentangles the two forces is needed.

The second concern with the backward-looking specification
refers to the link between the financial cycle and the macroeconomy.
The financial cycle involves a potentially powerful feedback loop
between the leverage gap, the debt service gap, asset prices, interest
rates, and economic activity. It is characterized in the paper by the
dynamic equations (8), (9), and (10). While the paper doesn’t elab-
orate on this financial cycle, the underlying working paper (JBDD
2016) and Juselius and Drehmann (2015) illustrate it in more details.
They argue that starting from a negative leverage gap (e.g., due to
relatively high asset prices, as in the late 1980s or mid-2000s), credit
would necessarily grow faster than output. As the credit-to-GDP
ratio increases, so does the debt service gap. That ends up slow-
ing down output and asset prices, eventually causing a bust and a
potentially drawn-out recession. While these variables are certainly
correlated, a natural question is which way does the causality go?
The authors assume a priori that the financial cycle causes eco-
nomic fluctuations. This leads naturally to the policy implications
listed in their conclusion. The authors’ preferred story has, however,
the peculiar implication that leverage predicts future movements in
asset prices, which are often thought to be purely forward looking.
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An alternative view of the co-movement of financial and economic
variables is that the financial cycle reflects economic fluctuations,
whereby asset prices and credit are based on the expected future
economic conditions. The causality would thus run in the other direc-
tion. It would be useful in future work to provide more evidence
about the direction of causality.

4. Do “Prevailing” Models Neglect the Financial Cycle?

The authors argue that prevailing models neglect the financial
cycle, and thus “present an alternative view of the natural rate,
in which financial factors also play a role.” It is true that in the
simplest New Keynesian model—composed of a dynamic IS equa-
tion, a Phillips-curve relationship, and a monetary policy rule—
there are no explicit “financial cycle” variables, and the natural
rate of interest and of output are functions of real disturbances
only. However, New Keynesian models with financial frictions do
exist as well (e.g., Bernanke, Gertler, and Gilchrist 1999; Christiano,
Motto, and Rostagno 2003, 2014; Cúrdia and Woodford 2009; Del
Negro, Giannoni, and Schorfheide 2015; Del Negro et al. 2017, among
many others). In such models, entrepreneurs’ leverage is a key state
variable which affects the spread between the nominal return on
capital (the borrowing rate) and the policy rate (the deposit rate),
along with shocks to the entrepreneurs’ idiosyncratic productivity.
In turn, aggregate output depends on the policy rate and credit
spread, hence on leverage. But in those models, fluctuations in lever-
age need not be unsustainable; they can be efficient. It is thus not
clear a priori that they need to be stabilized. For example, Del Negro
et al. (2017) estimate a medium-scale DSGE model with financial
frictions, and in which Treasury securities are valued not only for
their pecuniary return but also for their liquidity and safety attrib-
utes, so that they carry a “convenience yield,” along the lines of
Krishnamurthy and Vissing-Jorgensen (2012) and Caballero, Farhi,
and Gourinchas (2017). Interestingly, while the resulting natural
rate of interest can fluctuate sharply in the short run, the implied
medium-term natural rate (i.e., the five-year forward natural rate)
resembles closely the estimate obtained by Laubach and Williams,
over the past three decades.
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Although these models incorporate some financial features, they
remain very stylized. In particular, they typically do not capture
the non-linear effects of high leverage on the economy’s vulnera-
bility to adverse shocks, which may trigger financial and economic
crises. Model improvements are certainly still badly needed in this
area. Recent work by Adrian and Duarte (2017) offers an interesting
path forward.

5. On the Interpretation of r*

When one considers financial frictions, several interest rates come
into play, and a spread separates the rate of interest charged to
borrowers and the one paid to depositors. Furthermore, rising finan-
cial frictions tend to push the borrowing rate up while they tend to
depress the deposit rate. Which rate does the natural rate of interest
correspond to? To the extent that we are interested in an interest
rate relevant for monetary policy, the relevant natural rate is the
rate on a short-term riskless, liquid security.

The estimated model yields estimates of the latent variables r∗
t

and y∗
t which the authors call “the ‘finance-neutral’ natural interest

rate and potential output—in the sense that the estimates control
for the influence of financial factors.” JBDD then compare their esti-
mate of r∗

t to that of Laubach and Williams (2003) and find that the
“finance-neutral” rate is generally higher than the one estimated by
Laubach and Williams (2003) and has also declined less during the
Great Recession. The authors imply that the real policy rate should
have been higher than implied by Laubach and Williams.

Taking JBDD’s model literally, is the authors’ “finance-neutral”
rate really the rate that policy should track? I don’t think so. Look-
ing at the IS equation and the Phillips curve again, and abstracting
from exogenous shocks ϑ3t and ϑ5t for simplicity, it is apparent that
the central bank could in principle perfectly stabilize both the out-
put gap and inflation around its target, by setting the policy rate
to

it = πt +
(

r∗
t − ϕ32

ϕ31
l̃ev t

)

at all dates. As a result, in this model, policy should not track the
“finance-neutral” r∗

t , but rather the natural rate adjusted by the
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leverage gap. With a strongly positive leverage gap in the midst
of the Great Recession (see figure 2 in JBDD’s paper), the model
suggests that it was appropriate for policy to lower the interest rate
well below the authors’ estimate of r∗ to stabilize the output gap and
inflation. In practice, of course, the effective lower bound on nomi-
nal interest rates is likely to prevent the policy rate from tracking
r∗
t − ϕ32

ϕ31
l̃ev t, especially given the large fluctuations in the leverage

gap. It would be interesting then to compare the adjusted r∗ to that
obtained by Laubach and Williams (2003). The key point, though,
is that JBDD’s estimate of r∗ is not a reference rate that helps close
the output gap and the inflation gap.

What does JBDD’s r∗ refer to? Equation (8) in the paper reveals
that r∗ corresponds to the real rate at which policy would have no
direct impact on the leverage gap. By tracking fluctuations in the
estimated r∗, policy would, however, still indirectly contribute to
fluctuations in the leverage gap, as the implied changes in the policy
rate would affect the debt service ratio gap (see equations (9) and
(10) in the paper), which in turn have an effect on the leverage gap.

6. Conclusion

In conclusion, this is a very interesting and thought-provoking paper
on a key monetary policy issue. It presents an interesting frame-
work that allows the authors to perform a valuable analysis of the
complex interactions between the financial cycle and macroeconomic
fluctuations. The paper concludes with strong policy implications.
While the motivation for the model is based on observed empiri-
cal co-movements between financial and macroeconomic variables, I
am concerned that some of the apparently innocuous assumptions
affect importantly the results. In particular, I suspect that the con-
clusions rely heavily on the backward-looking nature of the model.
In future work, I would encourage the authors to develop a theo-
retical justification for their setup or to explore the robustness of
their conclusions to other models. I also remain unconvinced that
the natural rate estimated by the authors provides a good guide for
policy. That said, this paper provides an important contribution to
the literature on macroeconomic and financial stabilization, and I
expect it to remain a valuable reference.
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Low Interest Rates: Causes and Consequences∗

Robert E. Hall
Hoover Institution and Department of Economics,

Stanford University
National Bureau of Economic Research

World interest rates have been declining for several decades.
In a general equilibrium setting, the interest rate is determined
by the interaction of a number of types of behavior: the policy
of the central bank, investment in productive assets, the choice
between current and future consumption, and the responses of
wealth holders to risk. Central banks devote consider effort
to determining equilibrium real rates, around which they set
their policy rates, though measuring the equilibrium rate is
challenging. The real interest rate is also connected to the
marginal product of capital, though the connection is loose.
Similarly, the real interest rate is connected to consumption
growth through a Euler equation, but again many other influ-
ences enter the relationship between the two variables. Finally,
the idea of the “global saving glut” suggests that the rise of
income in countries with high propensities to save may be a
factor in the decline in real rates. That idea receives support in
a simple model of global financial equilibrium between coun-
tries with risk tolerance (the United States) and ones with high
risk aversion (China).

JEL Codes: E21, E22, E43, E52.

Low world interest rates have stimulated new interest in the
determination of the safe real rate. As a threshold matter, Rachel
and Smith’s figure 1 (this issue) and Juselius et al.’s figure 1 (this
issue) document the pronounced downward trend of world real inter-
est rates since the 1980s. For the purposes of this commentary, I take

∗This research was supported by the Hoover Institution. Complete backup
for all of the calculations is available from my website, http://www.stanford.
edu/∼rehall. Author contact: rehall@stanford.edu; stanford.edu/∼rehall.
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the real rate to be the yield net of inflation of safe government debt
of maturity around one to two years. Thus I abstract from liquidity
effects at the short end of the yield curve and from issues related to
the slope of the yield curve.

Structural relations governing the real interest rate include its
relation to

• the central bank’s payment on reserves and the extent of sat-
uration of the financial system in reserves

• the marginal product of capital
• the rate of consumption growth (through the Euler equation)
• the terms of trade between risk-tolerant and risk-averse

investors

In a complete macro model one or more equations would describe
each of these structural relations. It would not be possible to divide
up responsibility among them for the overall decline in the real rate.
One can fashion a set of highly simplified models, each containing
only one or two of the structural relations. For example, Krugman
(1998) considers an economy with no capital and no uncertainty to
focus on monetary policy and consumption growth and illuminate
issues of the zero lower bound. But a set of models along those lines
would not result in an additive breakdown of the sources of the
decline in the real interest rate.

1. Monetary Policy and the Real Interest Rate

Traditional monetary policy kept the interest paid on reserves at zero
nominal and manipulated the quantity of reserves. Explaining how
the central bank influenced interest rates involved consideration of
the liquidity value of scarce reserves. Today, all major central banks
have saturated their financial systems with reserves, so the liquid-
ity value is zero, and the central banks execute monetary policy
exclusively by manipulation of the payment made to reserve hold-
ers (in the United States, a new kind of reserves, reverse repurchase
agreements, play this role).

Powerful forces of arbitrage link the central bank’s policy rate
paid on reserves to similar short-term government obligations. The



Vol. 13 No. 3 Low Interest Rates: Causes and Consequences 105

central bank thus controls short rates directly. But the fact of central
bank control does not mean that we need look no further to under-
stand the movements of short rates. For one thing, it is the behavior
of real rates that matters and all central banks set nominal rates,
though there would be no obstacle to direct setting of real rates. Hall
and Reis (2016) discusses these topics in detail. Thus the behavior
of inflation needs to be brought into the picture. More important,
however, is that changing the policy rate has effects on output and
employment relatively quickly and on inflation, with a longer lag,
according to most views.

As a result of the influence of the central bank’s policy rate on
the other key macro variables, the other structural relations listed
above come into play in the central bank’s choice of the policy rate.
Only the most naive observer thinks that the central bank can pick
its policy rate by unilateral whim. Friedman (1968), following Wick-
sell, set forth a framework that remains influential fifty years later:
There is a level of the real interest rate, r∗, the natural rate, with
the property that it is infeasible for the central bank to run a mon-
etary policy that results in a real rate permanently above or below
the natural rate. Thus many discussions of the behavior of the real
rate focus on quantifying r∗, generally as a quantity that varies over
time. Since 1980, it has had a downward trend.

The foundations of the hypothesis that r∗
t is a cognizable fea-

ture of the economy are weak, in my opinion—see Hall (2005).
It takes an economic or statistical model to extract r∗

t from data
on rt and other variables. The results are model specific. Laubach
and Williams (2003) is the canon of this literature. Notwithstand-
ing my doubts about the foundations, these authors’ results seem
completely reasonable. Juselius et al. (this issue) refine the canon.
The middle of their figure 6 shows the real rate, which is volatile and
cyclical. The Laubach-Williams natural rate is a plausibly smoothed
version of the actual real rate. As Friedman’s analysis predicted, the
actual real rate exceeds its natural level in booms and falls below in
busts. The natural rate of Juselius et al. has higher volatility and,
surprisingly, a higher level. Friedman’s analysis suggested fairly per-
suasively that the real rate should deviate above about as much as
below the natural rate, but the new construction has almost all of
the deviations below.
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Figure 1. Spread between the Return to Capital
and the Safe Real Interest Rate

2. The Marginal Product of Capital and
the Return to Capital

In an economy without uncertainty, the return to capital is linked
to the marginal product by the rental price of capital. Provided
the rental price includes the fluctuations in Tobin’s q—the ratio
of the value of installed capital to the acquisition price of capital—
arbitrage should equate the marginal product of capital to the rental
price. To put it differently, if the rate of return is calculated from
data that accounts for q, the rate of return will track the inter-
est rate (measured over the same interval) period by period. With
uncertainty, the rate of return will include a risk premium, which
may vary over time. The recent macro literature has studied finan-
cial frictions that interpose between wealth holders and businesses
seeking to attract wealth to form business capital.

Figure 1 shows the spread between the calculated return to cap-
ital and the one-year safe real interest rate, from Hall (2015). Note
that the spread is remarkably volatile, upward trending, and high
except in recessions. Gomme, Ravikumar, and Rupert (2015) have
made similar calculations. The notion that there is a tight connec-
tion between the safe interest rate and the return to capital receives
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Figure 2. U.S. Real Rate and Consumption Growth

little support from this evidence. Rather, there is apparently large
scope for variations over time in risk premiums, financial frictions,
and other sources of the wedge between the earnings of capital and
the risk-free cost of borrowing. These variations are almost certainly
endogenous.

3. Consumption Growth and the Interest Rate

Many macro models, including the New Keynesian models that have
proliferated at central banks, contain an upward-sloping structural
relation between expected consumption growth and the real interest
rate—Rachel and Smith’s equation (1) describes the Euler equation
reflecting this relation. The logic is that a higher real interest rate
makes future consumption cheaper than current consumption, so
households consume less currently and more in the future. To put it
another way, higher growth rates should have correspondingly higher
real interest rates. Figure 2 shows that this proposition is somewhat
true in U.S. data averaged over decades.

The proposition encounters some serious obstacles. First, Carroll
and Summers (1991) observed that across countries that can trade
goods and financial claims, all countries should have the same rate
of growth of consumption, in accord with the worldwide real interest
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rate, irrespective of their rates of growth of income. Countries with
high expected income growth should borrow from slower-growing
countries and gradually pay the debt off as growth occurs. In fact,
the evidence shows that consumption growth is tightly linked to
income growth across countries. And growth rates differ markedly
across countries, with the highest growth in recent decades in east
and south Asia.

Second, a household does not have a single Euler equation, but
rather a different one for each asset. Hansen and Singleton (1983) is
the classic citation on this point. There is nothing special about the
safe real interest rate. Their paper showed that the data rejected the
hypothesis that households satisfied all of the Euler equations.

Third, data on household financial holdings make it clear that
households with collectively an important fraction of total income
face binding constraints on borrowing. They would like to obey the
Euler-equation model but cannot commit to repaying the debt that
they would incur if they did. They obey a related model where a
shadow borrowing rate, higher than the measured one, tracks con-
sumption growth.

I conclude that research on consumption choices has a far richer
view than the one expressed in the simple interest-only Euler
equation.

4. The Role of the Interest Rate in an Economy where
Risk-Tolerant Investors Insure Risk-Averse Ones by
Borrowing from Them

Hall (2016) demonstrates the theoretical and practical importance
of trade among heterogeneous investors. In effect, the risk-tolerant
investors insure the risk-averse ones. Debt has a key role in this risk-
motivated trade. By borrowing from the risk averse, the risk-tolerant
investors provide the risk averse with protection against future ran-
dom shocks, because the payoff of the debt is unaffected by the
shocks (provided no default occurs). The interest rate on the debt
describes the terms of the risk trade. If the risk tolerant have high
resources relative to the risk averse, collectively, the risk averse com-
mand a good deal—they receive a high rate of interest on the funds
they loan to the risk tolerant. But if there is an upward trend in the
resources of the risk averse, the deal shifts disadvantageously away
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from the risk averse—they earn less and less interest on the funds
they lend. The paper shows that China behaves risk aversely, lending
large volumes of funds to western Europe and the United States. But
the Chinese resource base—measured by GDP—is growing faster
than the resource base of the risk-tolerant borrowers. Hence the
world real interest rate is declining on account of the differential
growth.

The model backing up this analysis is rigged to avoid the other
issues discussed earlier in this commentary. There is no central bank
intervening in the world financial market. There is no capital, so
no issue of the relation of the marginal product of capital to the
interest rate. Resources are growing at the rate of zero among the
risk averse and the risk tolerant, so there are no issues of growth
affecting the interest rate. The model embodies standard ideas from
financial markets, including the hypothesis that investors attribute
a small but positive probability that a truly bad event will occur
and the hypothesis that the risk-averse investors place a somewhat
higher probability on that event.

My paper pursues the ideas in Bernanke et al. (2011) that there is
a “global savings glut” and in Gourinchas, Rey, and Govillot (2010)
and Caballero and Farhi (2016) that low real interest rates are the
result of a “shortage” of safe assets. The paper derives results along
those lines from the equilibrium of an Arrow-Debreu economy with
complete capital markets. In place of gluts and shortages, the model
hypothesizes changes over time in the resources held by the risk
tolerant in relation to those held by the risk averse.

Figure 3 shows how the safe real interest rate in the model
declines as the fraction of resources held by the risk tolerant declines.
The decline is similar to the decline that actually occurred from 1990
to the present, with real rates at or below zero. The risk-tolerant
investors in the model have modestly lower coefficients of relative
risk aversion and believe that the probability of bad conditions is
modestly lower, compared with the risk-averse investors.

The conclusion of the model is that heterogeneity coupled with a
shift in relative resources toward the risk-averse investors can explain
observed changes in the real interest rate without bringing in the
declining growth rate or rising financial frictions. The paper makes
no claim that the other forces are not actually influential, however.
Fundamental to the success of the model is its hypothesis that both
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Figure 3. As the Fraction of Resources in the Hands
of the Risk Tolerant Declines, the Interest Rate Falls

types of investors behave as if they assigned small but important
probabilities to a substantial negative shock, worse than has actu-
ally occurred since the Great Depression. In this respect, the model
follows the trend in recent financial economics, which finds, for exam-
ple, that such beliefs about rare disasters are the most plausible way
to explain the equity premium.

One of the manifestations of heterogeneity in investors’ risk aver-
sion is across countries. Investors in some countries, notably the
United States, collectively take on risk from other parts of the world
by maintaining positive net positions in foreign equity and negative
net positions in debt—in effect, these countries borrow from the risk-
averse countries and use the proceeds to buy foreign equity. Thus
the United States is like a leveraged hedge fund. Countries can be
divided into three groups: (i) those that absorb risk by borrowing in
the global debt market and buying foreign equity, (ii) those that shed
risk by lending to the risk absorbers and letting those countries take
on the risk of their own equity, and (iii) those whose risk preferences
are in the middle and choose not to absorb or shed risk and those
whose financial markets are undeveloped and do not participate in
global financial markets.
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Figure 4. Countries that Absorb Risk by Holding
Positive Amounts of Net Foreign Equity
or by Borrowing from Foreign Lenders

Note: Risk-absorbing countries are shown by dark shading. Created with
mapchart.net.

Figure 4 shows the countries that absorb risk. They are the
advanced countries of western Europe and the countries scattered
around the globe that fell under the influence of those countries and
became advanced themselves. There appears to be a negative cor-
relation between risk aversion and income per person, as the risk
absorbers are all high-income countries. By far the largest absorber
of risk is the United States.

Figure 5 shows the countries that shed risk. Most are lower
income. China is by far the largest of the shedders. China holds
large amounts of dollar debt claims on the United States, with recent
growth in its euro debt claims on western Europe. One high-income
country, Japan, is a major risk shedder. The United States and other
risk absorbers hold positive net amounts of foreign equity.

Figure 6 shows the growth of risk absorption by the United
States. The upper line shows U.S. net borrowing in the debt market
and the lower line net U.S. holdings of foreign equity. The upward
path in debt began in the mid-1980s and the upward path of equity
in the 1990s. Debt continued to rise through 2011 (the last year for
which I have data) while equity fell slightly after the 2008 financial
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Figure 5. Countries that Shed Risk by Holding Negative
Amounts of Net Foreign Equity or by Lending Positive

Amounts to Foreign Borrowers

Note: Risk-shedding countries are shown by dark shading. Created with
mapchart.net.

Figure 6. Risk Absorption by the United States,
1970–2011
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Figure 7. Risk Shedding by China, 1981–2011

crisis. The average of the two measures—taken as an overall measure
of risk absorption—rose from the 1980s and reached a plateau of 0.3
years of GDP.

Figure 7 shows similar data for China starting in 1981—in ear-
lier years, China was effectively walled off from the global economy.
Starting in the early 1990s, China shed risk aggressively, reaching
the point just before the crisis of the average of foreign debt owned
and net foreign holdings of Chinese equity claims equal to 0.4 years
of GDP. Following the crisis, Chinese risk shedding has remained at
that level but has not grown.

Risk splitting occurs within the United States in large volumes
as well. Table 1 shows decade averages of a variety of financial
institutions that hold risky financial positions funded in part by
debt—held by risk-averse investors such as pension funds—and by
correspondingly riskier equity held by risk-tolerant investors such as
high-wealth households. Government debt is a prominent part of the
risk splitting. In the case of government, the taxpayers make up the
risk-tolerant side—the marginal taxpayer with substantially higher
than average wealth takes on magnified risk by insuring the holders
of government debt. On the private side, numerous types of financial
institutions and securities have the effect of splitting risk between
a tranche of low-risk debt and high-risk residual equity claims.
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Figure 8. Scale of Risk-Splitting Institutions
Relative to GDP

Private equity is a rapidly growing example of this type of financial
arrangement. Securitizations with overcollateralized debtlike securi-
ties held by or on behalf of risk-averse investors and residual equity
claims held by risk-tolerant investors grew rapidly until the crisis
but have shrunk since then. Repurchase agreements split risk by
overcollateralization to the extent of the repo haircut. These too
have shrunk relative to GDP since the crisis.

Figure 8 shows the generally upward trend of the volume of risk
splitting in the United States, stated relative to GDP. Both gov-
ernment and non-government contributions have risen, with some
moderation after the crisis.

5. Concluding Remarks

Prior to the financial crisis in 2008, risk splitting grew steadily, as
revealed in data on both international and domestic financial posi-
tions. Safe real interest rates declined in parallel. The crisis resulted
in a downward jump in real rates corresponding to the fall in nom-
inal short rates to essentially zero soon after the crisis struck. The
corresponding real rate was between –1 percent and –2 percent. Real
rates have risen in the United States recently, as nominal rates have
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become positive and inflation has risen close to the Federal Reserve’s
target of 2 percent, but real rates in other markets remain as nega-
tive as ever in the eight years since the crisis. Because the crisis hit
GDP and asset value harder in advanced countries than in others,
especially China, the influence studied in my analysis may explain
some part of the drop in the global safe real short rate. In addition,
the crisis may have raised investors’ beliefs about the probability
of adverse events in the future, as in Kozlowski, Veldkamp, and
Venkateswaran (2015). According to the principles considered here,
the safe real rate would fall if the disaster probability rose more for
the risk-averse investors than for the risk tolerant.

I emphasize again that heterogeneity in risk aversion is only one
of the factors entering a full explanation of the behavior of real rates
over recent decades. Expansionary monetary policy, rising financial
frictions, and slowing consumption growth need to be brought into
a full analysis.
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Macroprudential Policy under Uncertainty∗

Saleem Bahaj and Angus Foulis
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We argue that uncertainty over the impact of macropruden-
tial policy need not make a policymaker more cautious. Our
starting point is the classic finding of Brainard that uncertainty
over the impact of a policy instrument will make a policymaker
less active. This result is challenged in a series of richer models
designed to take into account the more complex reality faced by
a macroprudential policymaker. We find that asymmetries in
policy objectives, the presence of unquantifiable sources of risk,
the ability to learn from policy, and private-sector uncertainty
over policy objectives can all lead to more active policy.

JEL Codes: D81, E58.

1. Introduction

The macroprudential toolkit available to policymakers across sev-
eral central banks is new and largely untested. For example, in the
United Kingdom, the Bank of England’s Financial Policy Commit-
tee (FPC) has, since the financial crisis, received powers to alter
bank capital requirements and to place restrictions on the terms of
household mortgages for macroprudential purposes. Neither of these
policy tools has been used previously, so their impact and the Com-
mittee’s reaction function remain unclear. Moreover, in contrast to
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monetary policy, where price stability can be judged against the
rate of inflation, the objective of macroprudential policymakers, the
stability of the financial system, is inherently unobservable. Thus
macroprudential policymakers face a high degree of uncertainty over
the impact and effectiveness of their tools and a target variable they
cannot perfectly observe. In the face of this uncertainty, a prevalent
view is that a cautious approach is warranted: if a policymaker is
unsure what a tool does, she should use it gingerly. Indeed, this is a
classic result from the literature on optimal policy under uncertainty
as shown in Brainard (1967).

This paper takes the Brainard model as a starting point and
asks: is the uncertainty faced by macroprudential policymakers suf-
ficient to justify a cautious stance to macroprudential policy? The
Brainard framework is stylized and static, and there are multiple
reasons why a policymaker may want to overlook its conclusions. In
this paper, we present the results from some simple extensions to
this framework to illustrate how uncertainty could alter the behav-
ior of policymakers. The analysis here is drawn from the existing
literature, but our goal is to frame the issue of uncertainty in the
macroprudential context.

As a starting point, and to fix ideas, we recast the Brainard
model as a macroprudential policy problem where the policymaker
attempts to stabilize the resilience of a financial system. In particu-
lar, we assume that the policymaker is trying to stabilize the level of
financial stability denoted x about some target x∗ through the use
of a tool k (for example, a time-varying capital requirement such as
the countercyclical capital buffer) that controls x imperfectly. The
relationship between k and x is linear,

x = bk + u, (1)

and is subject to two sorts of uncertainty. First, b, the parameter
governing how k affects x, is uncertain with prior mean b̄ > 0 and
variance σ2

b . The failure of the policymaker to observe b perfectly
could, for instance, reflect uncertainty over the impact of capital
requirements on financial stability. Second, there is unobserved vari-
ation in the level of financial stability, u, which is independent of
the policymaker’s action and has prior mean 0 and variance σ2

u. To
simplify the exposition, we assume the two sources of uncertainty
are uncorrelated in what follows. This is a standard assumption that
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model and shock uncertainty are not related; however, similar results
do emerge in a more general setting.1

Policymakers should find an unstable financial system undesir-
able; however, an overly stable system may dampen economic activ-
ity and impose a burden on the financial intermediaries or con-
sumers. To cite a cliche: policy should aim to avoid the stability
of the graveyard. The value of x∗ can, therefore, be thought of as
the optimal level of financial stability, trading off a stable versus an
active financial system. Similarly, adjusting k may also impose costs;
for example, by forcing banks to pay the underwriting fees associ-
ated with equity issuance. Thus we assume the policymaker has the
following objective:

W = −1
2

E((x − x∗)2 + λk2). (2)

The parameter λ > 0 captures the policymaker’s view over the rela-
tive cost of stabilizing k versus x about their optimal levels.2 Under
these assumptions, it is straightforward to take the policymaker’s
first-order condition (E[b2k + bu − bx∗ + λk] = 0) and show that the
best choice of k under uncertainty (denoted ku) is

ku =
b̄x∗

b̄2 + σ2
b + λ

<
b̄x∗

b̄2 + λ
= kc, (3)

where kc denotes the level of k the policymaker should choose if
she faced no uncertainty. Policy is less active under uncertainty.
Further, as uncertainty over the impact of policy, σ2

b , increases, ku

falls. This means that the policymaker should use her tool “less”
as uncertainty increases, and for any given level of uncertainty the
policymaker should choose k at a lower level than if she was certain.

1The more general case of Cov(b, u) �= 0 is discussed in the working paper
version of this paper.

2Note that we are assuming that the policymaker has a symmetric objec-
tive. This is potentially unrealistic both for financial stability and the costs of
changing k: low financial stability may be more worrisome than high financial
stability, and cutting capital requirements may not impose much of a burden on
the financial system relative to raising them. In section 2 we consider an asym-
metric financial stability objective for the policymaker with low financial stability
disproportionately costly.
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The intuition for this result is simply that additional uncertainty
over the tool is perceived to introduce additional volatility into the
economy when it is used, which is undesirable from the policymaker’s
perspective. A policy instrument whose impact is uncertain should
be used more sparingly. Further, when there is greater uncertainty,
the instrument should be used less. In this static model we associate
the degree of policy activism with the level of k chosen. A more
natural interpretation of “activism” might be the responsiveness of
policy to shocks. The model can support such an interpretation by
considering the response of k to the desired level of financial sta-
bility x∗—greater uncertainty over the impact of policy will make
the policy less responsive to the realized value of x∗. In section 5
we explicitly consider a model in which policy is set after observing
shocks to financial stability.

An important feature of Brainard’s analysis is that the form of
uncertainty matters. Brainard’s results are sometimes misleadingly
cited as a general rule that a policymaker should do less in the face of
uncertainty. However, note that σ2

u does not appear in ku. Therefore,
the second conclusion from this form of model is that being unsure
over the state of the economy (for example, the inherent stability of
the financial system) should not alter policymakers’ behavior.

This paper argues that there are several types of uncertainty and
multiple channels through which uncertainty can affect policymak-
ing. The result that policy should be more cautious in the presence of
uncertainty does not hold in general, particularly for specific exam-
ples that are relevant to macroprudential policy. As we shall see, if
anything, the results speak to a more active policy stance in the face
of uncertainty. This complements the need for policymakers to guard
themselves against inaction bias. Financial stability risks are hard to
measure (or unobservable), and actions to address them may have
short-term costs making regulatory forbearance tempting. The lags
associated with macroprudential policy instruments, both in terms
of implementation and transmission, mean that there is the potential
for policymakers to move too late to build resilience in the financial
system ahead of crises.

To make these points, we consider several extensions to the
Brainard model. Our first extension considers an asymmetric
objective function for financial stability in which a crisis is
disproportionately costly for the policymaker. If the policy tool is
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sufficiently effective on average, policy will become more active the
greater this asymmetry. In a second extension, we recognize that
macroprudential policy is concerned with rare events, the probability
of which is difficult to quantify. In such a situation, the policymaker
may wish to behave in a robust fashion, preparing for the worst-case
scenario. This can also lead to more active policy. Our third exten-
sion considers a dynamic model which allows for learning. Using the
tool today reduces uncertainty about its impact tomorrow, but may
initially increase volatility. If the motivation to learn is sufficiently
strong (i.e., the policymaker’s discount rate is sufficiently low), opti-
mal policymaking can become more active with greater uncertainty.
In our final extension, we consider the interaction between private-
sector uncertainty and the uncertainty facing the policymaker. In
addition to directly affecting financial institutions, macroprudential
actions may have a broader impact through signaling information
about risks to financial stability. We show that this signaling channel
will be less powerful when there is greater private-sector uncertainty
about policy objectives. Consequently, when the private sector is
more unsure about why the policymaker is acting, the policymaker
will need to be more active in order to offset the diminished signaling
power of the tool.

1.1 Related Literature

Brainard (1967) lays out the canonical case for higher uncertainty
leading to diminished policy activism. Beyond this classic work, this
paper has several links with the academic literature on policy under
uncertainty. However, most of this previous work has focused on the
monetary policy context; our contribution is to recast some of the
findings in the context of macroprudential policy and discuss their
relevance.

In terms of policy under fundamental (or Knightian) uncertainty,
the approach of using robust control and min-max dates back to at
least Wald (1950); a more detailed, modern treatment is available
in Hansen and Sargent (2001, 2008). Barlevy (2009) offers addi-
tional exposition over the framework. Robust control and min-max
based optimal policy problems generally deliver more aggressive
policy action in response. However, Onatski and Stock (2002) show
that this finding does not extend to all model perturbations.
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On the topic of learning through policy actions to reduce
uncertainty, several papers—for example, Orphanides and Williams
(2007) and Wieland (2000, 2006)—show how the desire to learn can
lead to policy being more aggressive in the face of uncertainty. An
alternative strand of the literature (see, for example, Besley 2001,
Landes 1998, and Mukand and Rodrik 2002) argues that cross-
sectional variation in policymaking across countries or political par-
ties should also be encouraged to foster innovation and allow for
learning about the impact of alternative policies. In contrast, other
authors have challenged the gains from actively introducing policy
variation in order to learn. In a quantitative assessment, Svensson
and Williams (2007) show that the benefits for experimentation can
often appear very modest in a generic linear quadratic forward-
looking setup allowing for model uncertainty. Cogley and Sargent
(2005) also cast doubt on the benefits of setting policy with learning
in mind and raise a more general point that the gains from more
active policy for the purposes of learning could be limited if there
are sufficient natural experiments.

The interaction of the uncertainty of the public and policy-
maker, alongside asymmetric information and the informational
value of government policy, are discussed in the early contributions of
King (1982) and Weiss (1982). More recently, Lorenzoni (2010) and
Angeletos, Iovino, and La’O (2011, 2015) analyze how to optimally
set policy in static models with dispersed information.

2. Asymmetric Objective Function

The model in the introduction has a symmetric financial stability
loss function (x − x∗)2, in which financial stability being above the
target level x∗ is equally as costly to the policymaker as financial
stability being below target. Such objective functions have been fre-
quently used for modeling inflation targeting, as high inflation and
deflation can both be costly. However, it is not clear that this func-
tional form is appropriate for financial stability: the losses associ-
ated with a financial crisis may be significantly greater than those
imposed by having excessive stability. In this section we consider an
extension to the Brainard model with an asymmetric loss function
that captures this property.
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Figure 1. Graphical Illustration of the Linex Function

2.1 Modeling Framework

A tractable way to model an asymmetric loss function is to use the
linex function (Varian 1975).3 We consider the following objective
function for the macroprudential policymaker:

W = − 1
a2 E [exp (a (x∗ − x)) − a (x∗ − x) − 1] − λ

2
k2, (4)

where a > 0, and the remaining variables are defined as in the intro-
duction. An attractive property of equation (4) is that it nests the
benchmark quadratic loss function used in the basic Brainard model,
collapsing to it for a → 0. When a > 0, equation (4) is asymmet-
ric, with a greater loss when financial stability is low (x < x∗) than
when it is too high (x > x∗). Further, the greater a is, the greater
this differential, and the more costly low financial stability is rela-
tive to high financial stability. Figure 1 plots the financial stability
loss function for a range of values of a (holding k = 0). As can be
seen, for larger values of a, the costs of very low financial stability
(to the left of 0) can be significantly higher than the costs of very
high financial stability (to the right of 0).

3We would like to thank David Aikman for suggesting this functional form.
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As in the basic Brainard model, the policy tool k influences
financial stability x in a linear way,

x = bk + u, (5)

with uncertainty over the impact of the tool, b, and shocks to finan-
cial stability, u. For tractability we assume that b ∼ N

(
b̄, σ2

b

)
,

u ∼ N
(
0, σ2

u

)
, and Cov (b, u) = 0. Using equation (5) and the prop-

erties of the log-normal distribution, the objective function can be
written as4

W = − 1
a2

[
exp

(
a
(
x∗ − b̄k

)
+

a2(σ2
bk2+σ2

u)
2

)
− a
(
x∗ − b̄k

)
− 1
]

− λ

2
k2. (6)

This function is strictly concave and has a unique global maximum
k̃ > 0 (see the appendix for the proof).

In the appendix we show that if the tool is expected to be suffi-
ciently powerful, that is to say that b̄ is large enough that a negative
realization of b is a remote possibility, then

dk̃

da
> 0. (7)

That is, in the presence of uncertainty, greater asymmetry in the
policymaker’s financial stability objective leads to more active pol-
icy. When the losses from financial instability are sufficiently greater
than those from too much stability and the policy tool is reasonably
effective, the policymaker is more active to make sure low-stability
outcomes are avoided. Such activism brings large benefits in reduc-
ing the cost of a financial crisis with relatively small costs if financial
stability ends up being too high.5

4Specifically, we make use of the result that for Z ∼ N
(
μ, σ2) : E [exp (Z)] =

exp
(
μ + 1

2σ2) .
5In the working paper version of this paper, we also show that if b̄ and a are

sufficiently large, then dk̃
dσ2

b
> 0 and dk̃

dσ2
u

> 0, as the asymmetry in the objective
prompts the policymaker to insure against downside risks by being more active.
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2.2 Discussion

There is good reason to think macroprudential policymakers should
have an asymmetric preference when it comes to financial stabil-
ity. The substantial skew with regards to negative economic out-
comes when financial stability risks materialize means that the
costs of missed downside risks may be much larger than benefits of
erring towards looser policy. Theoretical models that deliver endoge-
nous crises via occasionally binding constraints (see, for example,
Bianchi and Mendoza 2010, Jeanne and Korinek 2013, Korinek 2011,
and Korinek and Simsek 2014) illustrate how severe asymmetries
can emerge in stylized macroeconomic models and show that this
can provide a normative justification for macroprudential policies
that are contractionary in normal circumstances. The intuition for
the findings above are similar: as the policymaker is much more
averse to low financial stability outcomes, she buys insurance against
low financial stability by tightening policy. The cost of this is an
overly tight policy choice in situations when the financial system is
stable.

We see this reasoning in the mandates of macroprudential poli-
cymakers. In the United Kingdom, for instance, the Financial Pol-
icy Committee’s primary objective is to identify, monitor, and take
action to remove systemic risks, thus indicating a focus on the down-
side of risks to the financial system. In contrast, the mandate for
monetary policy tends to be to avoid both high and low inflation, and
in many cases the target is explicitly symmetric (see, for example,
the mandate of the Sveriges Riksbank). However, there are reasons
why asymmetries may also matter in the context of monetary pol-
icy. For example, if the zero lower bound exacerbates deflationary
shocks, the policymaker will have a stronger preference for avoid-
ing below-target inflation. On the other hand, inflation bias tends
to be positive, hence central banks could be concerned that above-
target inflation will be more damaging to their credibility. Patton
and Timmermann (2007) provide some empirical evidence that
monetary policymakers have asymmetric preferences. Specifically
they show that the Federal Reserve’s revealed preferences, based
on forecast errors, are more averse to lower realizations of output
growth.
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3. Targeting the Worst-Case Outcome (Robustly)

The conclusions from Brainard (1967), and indeed most modeling
frameworks where policymakers maximize the expectation of an
objective, rely on policymakers being able to assign probabilities
to potential future scenarios. The previous section considered what
happened if more weight was placed on negative realizations but the
policymaker was able to assess the likelihood of such realizations
occurring. However, this could be an unrealistic way of describ-
ing the uncertainty faced by macroprudential policymakers. It is
not always possible to say with confidence how likely a relevant
outcome will be. There is an inescapable need for policymakers to
make judgments about the state of the world that cannot be backed
by statistical analysis (Svensson 2002). This sort of unquantifiable
uncertainty is sometimes referred to as fundamental or Knightian
uncertainty. And it is a form of uncertainty that may be particularly
troublesome for macroprudential policymakers given the innovation
and increasing complexity of the financial system, which can make
risks difficult to quantify. Furthermore, the objective of macropru-
dential policymakers is defined in terms of the resilience of the finan-
cial system, suggesting a focus upon rare events whose likelihood is
undetermined.

A popular method among economists for incorporating funda-
mental uncertainty and concerns over severe outcomes into policy-
making decisions is to rely upon a robust control approach. This
approach favors policies that avoid large losses across scenarios
regardless of how likely any given scenario is. In practice this is
implemented by what is called a min-max framework (Wald 1950):
a policymaker sets policy to minimize her losses assuming that the
parts of the problem she is fundamentally uncertain about are cho-
sen to maximize her loss. This is equivalent to making the worst-case
scenario as palatable as possible.

3.1 Modeling Framework

To introduce a robust control motive into the Brainard model, we
modify the relationship between k and x to be

x = bk + u + v , (8)
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where with the exception of v , all variables are defined as in equation
(1) in the introduction. The term v captures what we refer to as fun-
damental uncertainty over x, the level of financial stability. This is
a source of uncertainty which is ambiguous, and the policymaker is
unable to attach a probability distribution to it. A robust approach
to dealing with the uncertainty captured by v is to choose policy
on the assumption that the worst outcome has happened so as to
avoid large losses. To implement this, the min-max framework has
the policymaker choosing k to maximize its objective conditional on
“nature” choosing v to minimize the objective

maxkminv − 1
2

E[(x − x∗)2 + λk2] +
θ

2
v2, θ > 1. (9)

Both nature and the policymaker choose their action conditional on
each other’s choice, and a pure-strategy Nash equilibrium solves the
model. In effect, the policymaker and nature play a phantom game
with each other, and nature behaves as a fictitious evil agent that
chooses v to ensure the worst-case outcome occurs. An important
element to the robust control problem is the term θv2. Using the
definitions of Hansen and Sargent (2008), the parameter θ is called
entropy and, at a fundamental level, both represents how wrong
the policymaker thinks they can be about the true level of x and
penalizes extreme realizations of v .6 From the perspective of the
optimization problem, θv2 simply serves as a constraint on nature
when choosing how bad the worst-case scenario can be. The con-
straint θ > 1 ensures that nature’s problem is convex and so a finite
v is chosen.

It is straightforward to show that the solution for nature, taking
the actions of the policymaker as given, is given by

v =
b̄k − x∗

θ − 1
. (10)

Thus as θ goes to infinity, nature is constrained to choose v = 0 and
the policymaker ignores the fundamental uncertainty; conversely, as

6An alternative interpretation, as in Hansen and Sargent (2001), is that v rep-
resents model misspecification: the policymaker does not know the true model
driving financial stability and thus v reflects the perturbation of the true model
from the model that is being relied upon.
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θ → 1, the worst-case scenario becomes increasingly bad and the pol-
icymaker becomes more and more concerned about the ambiguity
over v .

The policymaker’s optimal choice of k, taking the actions of
nature as given, is given by

k =
b̄x∗ − b̄v

b̄2 + σb
2 + λ

. (11)

Solving for the Nash equilibrium gives the robust control solution to
k as

k =
θ

(θ−1) b̄x
∗

θ
(θ−1) b̄

2 + σb
2 + λ

. (12)

Inspecting this solution, it is clear that as θ → ∞ and fundamental
uncertainty disappears, the robust control solution for k is the same
as the Brainard solution given by equation (3) in the introduction.
Note also that the equilibrium realization for v is

v =
−x∗(σb

2 + λ)
θb̄2 + (θ − 1)(σb

2 + λ)
< 0. (13)

The negative value of v means that the worst-case scenario, in this
model, is one where there is a negative shock to financial stability.
This is intuitive in the context of a macroprudential policymaker.

The main result of this section is that policy becomes more
activist when there is greater fundamental uncertainty,7

dk

dθ
< 0. (14)

Thus, in particular, as the solution coincides with Brainard when
θ → ∞ and fundamental uncertainty disappears, the policymaker is
more activist than in the case of Brainard when there is fundamental
uncertainty (i.e., for θ ∈ (1,∞)).

The simple explanation for this finding is that increasing funda-
mental uncertainty makes the worst-case outcome, which the poli-
cymaker is preparing for, worse. As the worst-case outcome is one

7Recall that fundamental uncertainty increases as θ decreases.
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Figure 2. Graphical Illustration of the Robust
Control Model

where there is a large negative shock to financial stability, this
requires a tighter policy stance in response.

Figure 2 illustrates the intuition behind the robust control model
graphically. The downward-sloping light grey line gives the best
choice of k given v (given by equation (11)). The intuition for the
downward slope is straightforward: a negative v implies a negative
shock to financial stability and hence policy should be tightened to
stabilize x. The upward-sloping line captures the “prepare for the
worst” nature of the robust control problem: it is the value of v
that gives the worst possible outcome to the policymaker given k
and subject to the entropy constraint (given by equation (10)). This
line is upward sloping because if loose policy is set, the worst-case
outcome is a negative shock to financial stability. A robust policy
choice is to set k where the two lines intersect: this means that the
policymaker is choosing a policy which gives the best result if the
very worst happens. In the standard Brainard problem in the intro-
duction, v = 0, so the Brainard solution is equivalent to where the
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grey line crosses the k-axis. In the figure the intersection between
the two lines is at a higher level of k than the Brainard point. Hence
the robust control policy is more aggressive than Brainard would
suggest. The intuition for this lies with the idea that more policy
action is required if the most severe scenario—a negative financial
stability shock—occurs, and the higher the fundamental uncertainty,
the more severe is the worst case.8 Increasing θ reduces fundamen-
tal uncertainty; this flattens the upward-sloping line9 (shown by a
dashed line in figure 2) and means that the worst-case outcome is
not as bad, implying that policy does not need to be so activist.

3.2 Discussion

While a robust approach to policymaking usually suggests policy
should be more active, it may say little about the direction in which
policy should be more aggressive. To see this, consider the response
of fiscal policy in the event of a severe recession. One extreme out-
come may be high unemployment, negative growth, and deflation.
Therefore, the robust response may be to embark upon aggressive fis-
cal expansion. However, an alternative scenario is that the recession
puts sufficient strain on public finances to bring the government’s
solvency into question, leading to rising sovereign risk premia and
additional stress on the financial system and the economy. So an
alternative robust policy may be an aggressive tightening of the
fiscal stance. Therefore, a policy designed to avoid either extreme
outcome requires an aggressive shift in the policy stance, but the
exact direction depends on which scenario policymakers are trying
to avoid.

At face value, for the macroprudential context this lack of direc-
tion may seem less of an issue. Macroprudential policymakers are
chiefly concerned by the extreme tail risks posed by financial crises.

8This is a modeling assumption. It is not the case that all robust control prob-
lems lead to a more aggressive policy, but it is a typical feature of this sort of
model. See Onatski and Stock (2002) for a discussion in the context of monetary
policy. Barlevy (2009) offers some counterexamples.

9Equation (10) can be rewritten as k = v(θ−1)+x∗

b̄
. Hence, nature’s best

response function intersects the k-axis at the point k = x∗

b̄
which is independent

of θ. Therefore, any change in θ is a rotation of nature’s best response line around
the point (x∗

b̄
, 0), as illustrated in figure 2.
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This asymmetry means that, at most points in time, a policymaker
behaving in a robust way would be hawkish in setting her macro-
prudential tools. However, there is always a risk that under certain
conditions severe negative outcomes can emerge if policy is set too
tightly. In the spirit of Lucas (1987), one can imagine that the worst
outcome of macroprudential policy is to lower the long-term trend
growth rate. The question would then be whether an overly burden-
some regulatory regime had a greater impact on long-term growth
than financial crises.

Despite its popularity in the academic literature, a robust con-
trol approach can appear abstract when applied to practical poli-
cymaking. It has real-world applications nonetheless. For example,
macroprudential policymakers often have a large number of poten-
tial indicators of risks to the financial system: a robust policymaking
strategy would be to pay most attention to indicators that are sig-
naling problems rather than focus on a measure of central tendency
such as a simple average. Second, the principle of calibrating pol-
icy to prepare for severe outcomes is already embodied within many
macroprudential frameworks via stress testing. Stress tests by defi-
nition provide a sense of economic outcomes if an extreme scenario
emerges.

4. Learning about the Effects of Policy

A natural way to respond to uncertainty over a policy instrument
is to attempt to learn about it. Research using evidence from other
countries or from natural experiments, or by using calibrated the-
oretical models, can fill this gap. However, there is rarely a per-
fect substitute for using the instrument itself. Furthermore, in the
macroprudential context, the framework for making and commu-
nicating changes to the tools is also new. Equivalent instruments
have been used for microprudential purposes (such as bank capital
requirements), but the signaling value (see section 5) and systemwide
consequences of a macroprudential action may lead to a different
impact, limiting what can be learned from previous uses of the
tools.

In this section, we adapt the Brainard model to allow the pol-
icymaker to learn about the impact of her tool by observing what
happens when she moves it. There is a trade-off: being active with a
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policy tool today leads to additional volatility, but by observing the
tool’s effect the policymaker will be less uncertain in future. This
means that the policymaker has an incentive to be more active ini-
tially. While it may not be possible to directly measure or observe
financial stability, so long as the policymaker can observe signals
which convey some information about risks to the stability of the
financial system (e.g., prices in financial markets), they will be able
to learn about the effectiveness of their tool.

4.1 Modeling Framework

Here we lay out a two-period (t = 1, 2) version of the model pre-
sented in the introduction. Let

Wt := −1
2

E[(xt − x∗)2 + λ (kt)
2]. (15)

And suppose the policymaker’s objective in period 1 is now to
maximize

W1 + δW2 : δ > 0. (16)

As before, the policy instrument kt has an uncertain impact on xt

described by

xt = bkt + ut. (17)

The parameter δ determines how much the policymaker values future
periods. The other parameters share the interpretation they have in
the introduction. For tractability we suppose that b and ut are nor-
mally and independently distributed with the following initial priors:
b ∼ N

(
b̄, σ2

b

)
and ut ∼ N

(
0, σ2

u

)
.

The crucial assumption underpinning this two-period model is
that by setting policy in period 1 the policymaker learns something
about b in period 2. To embed this feature in the model, we have to
specify the information available to the policymaker in each period.
We assume that in period 1, when k1 is chosen, the policymaker has
the same information as in the Brainard model. At the end of period
1 the policymaker observes x1, which, given k1, provides an addi-
tional signal over b, reducing the uncertainty around the impact of
the tool. However, since u1 is not observed, the policymaker cannot



Vol. 13 No. 3 Macroprudential Policy under Uncertainty 135

perfectly distinguish between movements in x1 that are due to k1 or
due to u1. This results in a simple signal-extraction problem where
the policymaker updates the expectation she has of b and uncertainty
that surrounds that expectation (as shown in the appendix).

b|x1 ∼ N

(
b̄ +

σ2
bk1

(k1)2σ2
b + σ2

u

(x1 − b̄k1),
σ2

bσ2
u

(k1)2σ2
b + σ2

u

)
(18)

Equation (18) implies that the updated variance in period 2 is
strictly less than in period 1 when k1 > 0 (V ar(b|x1) < σ2

b ); thus
uncertainty is reduced between the two periods. Moreover, increasing
k1 reduces V ar(b|x1): the policymaker becomes more certain in the
second period the more she acts in the first. The problem in period 2
is almost identical to the static Brainard model of the introduction,
and the policymaker tries to maximize W2 conditional upon beliefs
about the mean and variance about b. The only difference is that
now those beliefs are given by E(b|x1) and V ar(b|x1), which depend
on the choice of k1 in the previous period.

k2 =
E(b|x1)x∗

E(b|x1)2 + V ar(b|x1) + λ
(19)

As a result, the policymaker faces a trade-off: actively using a tool
in period 1 may not be immediately desirable due to the Brainard
result from the introduction, but being active will make the policy-
maker better off in the future via lower uncertainty. To illustrate how
this trade-off manifests and interacts with other parameters in the
model, in figure 3 we present the optimal choice of k1 across different
levels of δ and σu

2.10 These values of k1 are presented in comparison
to the optimal choice if the policymaker faced no uncertainty about
b and if policy was set using the Brainard model.

Consider the left-hand panel of figure 3 first. We see the result
that increasing δ monotonically increases k1. The intuition for this is
straightforward: as δ increases, the policymaker puts more weight on
future outcomes. Hence, learning about how policy works in period 2
becomes a greater priority leading to a more activist policy. If δ = 0

10It is clear from equations (18) and (19) that the policymaker’s maximization
problem can be set up in terms of k1 only. This results in a highly non-linear
function which is solved numerically using Monte Carlo methods.
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Figure 3. Policy Choice with Learning
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(i.e., there is no learning motive), the best choice for k1 is simply in
line with the Brainard model. For high values of δ (greater than 1)
we can see that k1 can be greater than it would be under certainty
about b.11 It is also possible to show, as we do in the appendix,
that if the policymaker only cares about the second period (as they
would when δ → ∞), then it is optimal for k1 → ∞ when there is
no motive to stabilize k.

The right-hand panel of figure 3 considers how policy varies with
σu

2. The irrelevance of uncertainty over the state of the economy for
the policy choice does not extend to the learning case; instead we
see a hump-shaped pattern with respect to σu

2. This is because how
much can be learned about b by altering k1 has a non-linear rela-
tionship with the uncertainty over u1. If σu

2 is zero, there is nothing
more that can be learned from altering k1, as b is observed per-
fectly at the end of period 1 and thus the optimal k1 is the same as
Brainard. As σu

2 rises from zero, the uncertainty over b in period 2
increases, hence the policymaker chooses to be more active to learn
more about the coefficient. However, as σu

2 becomes increasingly
large, the ability of x1 to be informative about b diminishes and the
policymaker becomes less able to learn and is therefore less active.

11In reality policymakers will need to make decisions over many periods, thus
the loss at period 2 could be thought of as a reduced-form way of capturing the
continuation value of the problem. This would suggest that a large δ, potentially
greater than 1, is appropriate.
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At the limit σu
2 → ∞, there is nothing that can be learned from x1

and policy reverts to the Brainard solution.12

4.2 Discussion

The desire to learn is intimately related to how uncertain the poli-
cymaker thinks they will be in future. From today’s perspective the
macroprudential toolkit is largely untested. This is in contrast to the
current state of monetary policy which can draw upon decades of
academic research into its effects, substantial policy experience, and
data sets that contain the necessary variation. In the macropruden-
tial context, the extant empirical literature relies on difference-in-
differences based empirical strategies, which can assess the impact
of a small number of quasi-natural experiments but cannot account
for differing macroeconomic climates or general equilibrium conse-
quences. However, in the future, research into macroprudential pol-
icy will eventually come on stream and contribute to developing a
better understanding of how the tools operate. In the meantime, pol-
icymakers today have to decide on the extent to which the current
state of the literature can substitute for seeing the tool in action.
Furthermore, using a policy generates both operational experience
and the variation required to conduct detailed empirical studies.

The nature of the financial cycle means that the ability of poli-
cymakers to learn about the effectiveness of macroprudential policy
differs substantially from the case of monetary policy. On the one
hand, the relatively infrequent occurrence of financial crises means
that, over time, there are relatively few events to learn from. On the
other hand, the length of financial cycles means that, if policymakers
believe that they can readily observe financial stability, there could
be more opportunity to learn about the impact of policy tools ahead
of crises.

The immediate practical issue with using a tool to learn is one
of communication and political sensitivity. A macroprudential poli-
cymaker would probably struggle to articulate to banks that it was
forcing them to raise more capital in order to determine the economic
consequences. Deliberately experimenting with the economy with no
other goal in mind is highly inadvisable and should run counter to

12These results for σ2
u are shown formally in the appendix.
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macroprudential policy objectives. However, it is not necessary to
implement policy that is harmful in order to learn. Though policy
should not be set with wild abandon, the learning mechanism pro-
vides an argument to suggest that there are benefits from not being
too cautious.

5. Policy Transparency and Private-Sector Uncertainty

It is not only policymakers that face uncertainty with regards to
macroprudential policymaking. The public is also uncertain about
risks to financial stability, the impact of macroprudential policy, and
how the policymaker herself will behave. Furthermore, the policy-
maker may have informational advantages over the public through
access to confidential regulatory data, supervisory intelligence, and
the results of stress tests. Thus a macroprudential policymaker needs
to consider how her policy actions interact with the information
available to the public.

In the models used in the introduction and the previous three
sections, the private sector has responded to policy actions in a
mechanical fashion. In this section, we allow for strategic interaction
between the policymaker and the private sector. The setup moves
beyond a simple stabilization problem into a framework where (pri-
vate) risk-taking is an endogenous choice (albeit modeled in a styl-
ized fashion). The transmission mechanism of policy is similar, as is
the eventual objective of the policymaker, to that discussed in the
previous sections. However, this framework allows us to explore how
private-sector uncertainty affects the transmission mechanism and,
hence, how policymakers should behave in response.

We assume that the policymaker is better informed about the
stability of the financial system than the private sector. As such, the
policy action is an additional signal for the private sector. Crucially,
this signal is imperfect: we also assume that the private sector is
not fully aware of the objectives of the policymaker and hence can-
not perfectly distinguish actions caused by risks to financial stability
from those caused by an aversion to crises. An example of this would
be if banks did not know if the policymaker set a high countercycli-
cal capital buffer rate because it was aware of a specific financial
stability risk or simply had a high preference for avoiding a crisis.
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5.1 Modeling Framework

The model takes the form of a Stackelberg game. The policymaker
first chooses the level of her policy instrument, k; then, having
observed k, the private sector chooses their desired level of risk-
taking, x. The policymaker internalizes the impact of her policy
choice on the private sector’s response when choosing her desired
level of k.

We assume the private sector chooses x in order to maximize the
following objective:

maxxE

[(
−1

2
(x − x+ + u)2 + αxk

)
|k
]

, (20)

where α is a parameter whose interpretation we will return to
shortly. There are two stochastic variables in this setup: u and c.
The former enters the private sector’s loss function; the latter is
not directly relevant for the private sector but affects the prefer-
ences of the policymaker. Both u and c are uncorrelated random
variables with positive variance, and the private sector has priors
u ∼ N(0, σ2

u) and c ∼ N(0, σ2
c ). This functional form has similarities

with the stabilization problem described in the previous sections,
with three main differences. First, x is now a choice variable of the
private sector and there is a positive private target for risk-taking
denoted x+ > 0, capturing, for example, instability bias due to lim-
ited liability. Second, for given k, u interferes with the optimal level
x that the private sector would prefer to target. A higher value of
u implies that lower x is desired. This is consistent with the idea
that u is an orthogonal shock that negatively affects financial sta-
bility and would make the private sector want to take less risk. The
third difference is the cross-term αxk. This term is missing from the
models considered in the previous sections, and its presence allows
for strategic interaction between the private sector and the policy-
maker. We assume α < 0, which implies that, at the margin, tighter
policy encourages less risk-taking by the private sector (this would
be the case if, for instance, tighter capital requirements increase the
private sector’s skin in the game).13

13Our main result can also go through with α positive, which could occur for
instance if tighter policy reduces the severity of the left tail of economic out-
comes, encouraging risk-taking. In that case, equilibrium existence requires the
assumption that 2αβ < 1, where β is defined below.
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The private sector takes k as given and observes its value before
making its decision. The policymaker cares about u but has superior
information about its realization; hence, k serves as a signal to the
private sector about u. Formally, we can write the private sector’s
first-order condition as

x = αk + x+ − E(u|k), (21)

and so the private sector takes less risk as E(u|k) increases. The
model is solved via the method of undetermined coefficients, and we
postulate (and then verify) that the private sector’s belief about u,
having observed k, is linear in the choice of policy tool

E(u|k) = γ0 + γ1k. (22)

The policymaker’s problem is

maxk

[
−1

2
(k − u − c)2 + βx(k)k

]
, (23)

where from above, x(k) = (α − γ1)k − γ0 + x+. We also assume
that the policymaker has full information (i.e., u and c are known).
Again, we can think of a positive realization of u as a negative shock
to financial stability which warrants tighter policy. In addition to u,
the policymaker also has her own preferred target level for k, denoted
c, which does not directly influence (and is unknown by) the private
sector. Furthermore, we have a second cross-term: βxk. We assume
that β > 0 to capture the idea that, at the margin, more risk-taking
by the private sector makes tighter policy more desirable. Last, note
that the policymaker internalizes that her decision over k will affect
x, hence x enters the optimization problem as a function of policy.

These assumptions over preferences allow us to have a short expo-
sition of the main mechanism we wish to highlight. The working
paper version of this paper contains a larger model where prefer-
ences are more general (although still linear quadratic) and gener-
ates the same main result. The policymaker’s problem has a unique
maximum whenever

−1
2

+ β(α − γ1) < 0. (24)
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In the appendix we show that this condition is satisfied in equilib-
rium under the given parameter assumptions. Moreover, in equilib-
rium, γ1 > 0. On this basis, taking the policymaker’s first-order
condition and solving for k gives

k =
u + c + β(x+ − γ0)
(1 − 2β(α − γ1))

. (25)

From the perspective of the private sector, k is then normally dis-
tributed, and we can then solve for E(u|k) using the standard signal-
extraction formula for normal distributions:

E(u|k) = E(u) +
Cov(u, k)
V ar(k)

(k − E(k)). (26)

In the appendix we show that this is of the same form as equation
(22), verifying the form of the postulated solution. We further show
through equating coefficients that γ0 = −sβx+

1−βs and

γ1 =
(1 − 2βα) s

1 − 2βs
> 0, (27)

where s = σ2
u

σ2
u+σ2

c
is a function of the signal-to-noise ratio, and equa-

tion (27) implies that we must also have 2βs < 1. The private sec-
tor cares about u, but c, the policymaker’s personal preference for
tighter policy, does not influence its behavior. Hence, k is a useful
signal to the extent that it provides information about u, but uncer-
tainty about c adds noise to this signal. In particular, the greater
the public-sector transparency about c, the lower σ2

c will be and
the greater will be s. The greater the signal-to-noise ratio, the more
informative k is as a signal about u. This is apparent upon inspect-
ing equation (27), where we can see that dγ1

ds > 0, consistent with
the intuition that the sensitivity of E(u|k) to k is increasing in the
signal-to-noise ratio.

In the appendix we also show that the policymaker’s optimal
choice is given by

k =
1 − 2βs

1 − 2βα

(
u + c +

βx+

1 − βs

)
. (28)
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The main result of the model is then that the greater the signal-to-
noise ratio, and hence the lower the private-sector uncertainty about
policy preferences, the less active the policymaker is in responding
to u. This is clear upon inspecting equation (28). The mechanism
at work runs through the fact that the sensitivity of x to k is given
by α − γ1. Recall that we assume that α is negative, meaning that
absent any signaling channel, the private sector will take less risk
as k is increased. The signaling channel amplifies the response of
private-sector risk-taking to policy. When signaling is present, as s
increases k becomes a more informative signal about the realization
of u and consequently more weight is placed on the signal, resulting
in γ1 being larger. This in turn increases the responsiveness of x to
k as the private sector view a larger part of the rise in k being due to
a less stable financial system. Consequently, with the private sector
taking less risk in response to a given policy choice, k does not need
to be set as high, resulting in a lower sensitivity of k to u.

5.2 Discussion

This result highlights the importance of a policymaker ensuring that
private agents understand why a policy action is taken, in order
to maximize the signaling value of a policy decision. In practice,
a macroprudential policymaker has a variety of ways of communi-
cating to the private sector beyond her actions. The explanation
of macroprudential policy decisions given alongside the action can
help the public learn and extract an informative signal about the
policymaker’s views on financial stability risks. Alternatively, the
macroprudential policymaker may signal their likely future actions in
response to a buildup in risks by clarifying their “reaction function.”
The publication of core financial stability indicators may provide
some clarity to the policymaker’s reaction function. Communicating
likely future actions may affect expectations about the evolution of
the economy and hence influence behavior today.

Changes in private-sector uncertainty have affected the transmis-
sion mechanism of other policy tools. As noted by Beechey (2008),
the news on May 6, 1997 that a Monetary Policy Committee would
be created and the Bank of England would be granted operational
independence with an explicit inflation target was followed by a sub-
stantial reduction in market-implied short- and long-term inflation
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expectations, arguably because this reduced uncertainty about the
objectives of monetary policy. The forward rates of inflation com-
pensation five to ten years ahead fell around 35 basis points on the
day of the announcement, with a further decline over the following
days. This in turn affected the transmission mechanism of monetary
policy.

The obvious difference, however, between macroprudential and
monetary policymakers is that in the context of the latter a pre-
cise, measurable target is available. Furthermore, the private sec-
tor has had more chance to learn about how monetary policy is
conducted in practice and, correspondingly, policymakers’ reaction
functions.

6. Conclusion

As this paper has highlighted, there are several types of uncer-
tainty and multiple channels through which uncertainty can affect
policymaking. The well-known result of Brainard (1967) that pol-
icy should be more cautious in the presence of uncertainty does
not hold in general, particularly for specific examples that are rel-
evant to macroprudential policymakers. If anything, the need to
learn about these relatively untested tools and the focus on avoid-
ing tail risks speak to more active policymaking. Moreover, private-
sector uncertainty over the financial stability objectives, preferences,
and reaction function may diminish the potency of the signaling
impact of macroprudential policy, requiring more active policy or
communication. One limitation of the analysis here is that it takes
place in context of static or two-period models. Hence it is a chal-
lenge to disentangle tighter steady-state macroprudential policy in
response to increased risks from a more active response to economic
shocks as they emerge. This would be an interesting area for future
analysis.

Appendix 1. Asymmetric Objective Function

Proposition 1. The optimal choice of policy under asymmetry is
given by the k̃ that satisfies
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−1
a

(
exp
{

ax∗ − ab̄k̃ + a2

2

(
k̃2σ2

b + σ2
u

)}(
−b̄ + ak̃σ2

b

)
+ b̄
)

−λk̃ = 0.

(29)

Further, k̃ε
(
0, b̄

aσ2
b

)
.

Proof. The policy objective under asymmetry is W , as given by
equation (6). The first derivative of W w.r.t. k is given by

−
{

1
a

[
exp
{

ax∗ − ab̄k + a2

2

(
k2σ2

b + σ2
u

)} (
−b̄ + akσ2

b

)
+ b̄
]

+ λk

}
.

The second derivative of W w.r.t. k is given by

−
{

1
a2

[
e

(
ax∗−ab̄k+a2

2

(
k2σ2

b + σ2
u

))
{
−ab̄ + a2kσ2

b

}2

+ e

(
ax∗−ab̄k+a2

2

(
k2σ2

b + σ2
u

))
a2σ2

b

]
+ λ

}
.

As this is always negative, W is a strictly concave function and hence
equating the first-order condition (FOC) to 0 gives the unique global
maximum.

Turning to the bounds on k̃, the first derivative, evaluated at
k = 0, is

b̄

a

[
exp
(
ax∗ + a2σ2

u

2

)
− 1
]

> 0,

as all parameters are positive. Hence, as W is strictly concave, the
derivative is positive iff k < k̃ and so we must have 0 < k̃. Turning
to the upper bound, if k ≥ b̄

aσ2
b

then −b̄ + akσ2
b ≥ 0 and dW

dk < 0.

However, as W is strictly concave, the derivative is negative iff k > k̃
and so we must have k̃ < b̄

aσ2
b
.
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Lemma 1. Let k̃ be the policymaker’s solution. Then dk̃
da > 0 iff the

following expression is positive:

e

(
ax∗−ab̄k̃+

a2(k̃2σ2
b+σ2

u)
2

)
{

b̄

a
− k̃σ2

b

}[(
x∗ − b̄k̃

)
+ a
(
k̃2σ2

b + σ2
u

)]

+
b̄

a2

⎡

⎢⎣1 − e

(
ax∗−ab̄k̃+

a2(k̃2σ2
b+σ2

u)
2

)⎤
⎥⎦ . (30)

Proof. The optimal policy choice k̃ is defined implicitly by equation
(29). Let g(k̃ (a) , a) be the left-hand side, then g(k̃ (a) , a) ≡ 0. By
the implicit function theorem, dk̃

da = ∂g(k̃(a),a)
∂a / − ∂g(k̃(a),a)

∂k̃
. As the

objective function is strictly concave, ∂g(k̃(a),a)
∂k̃

< 0, as g() is the first

derivative of the objective function. Thus dk̃
da > 0 iff ∂g(k̃(a),a)

∂a > 0.
Taking the derivative of g() w.r.t. a gives the result.

We first establish a useful lemma before turning to the main
proposition.

Lemma 2. The following relationships hold as the expected effective-
ness of the policy tool, b̄, becomes arbitrarily large:

lim
b̄→∞

k̃ = 0 (31)

lim
b̄→∞

b̄

a2

[
1 − exp

(
ax∗ − ab̄k̃ + a2

2

(
k̃2σ2

b + σ2
u

))]
= 0 (32)

lim
b̄→∞

b̄k̃ = x∗ +
aσ2

u

2
. (33)

Proof. To prove result (31), we establish that b̄k̃ is bounded. We
have established that b̄k̃> 0, so it is sufficient to show that ∃S ≥ 0 :
b̄k̃ ≤ S ∀b̄ > 0. If S exists, it follows that result (31) holds.14

14To see this, note that if ∃S ∈ R+ : 0 < b̄k̃ ≤ S ∀b̄, then 0 < k̃ ≤ S
b̄

and hence
as lim

b̄→∞
S
b̄

= 0, by the sandwich theorem we have lim
b̄→∞

k̃ = 0.
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To show that S exists, we suppose for a contradiction that it
does not. Then b̄k̃ → ∞ as b̄ → ∞. We rewrite FOC (29) as

−1
a

⎛

⎝e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))
ak̃σ2

b

+ b̄

⎧
⎨

⎩1 − e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))⎫
⎬

⎭

⎞

⎠− λk̃ = 0. (34)

To construct the contradiction, we first establish, under the suppo-
sition b̄k̃ → ∞ as b̄ → ∞, that

exp
(
ax∗ − ab̄k̃ + a2

2

(
k̃2σ2

b + σ2
u

))
→ 0 as b̄ →∞. (35)

To do this, we make use of the inequality k̃ ≤ b̄
aσ2

b
, and thus the

exponent in equation (35) must adhere to the following inequality:

ax∗ − ab̄k̃ + a2

2

(
k̃2σ2

b + σ2
u

)
≤ ax∗ +

a2σ2
u

2
− ab̄k̃ +

a2σ2
b

2
k̃

(
b̄

aσ2
b

)

= ax∗ +
a2σ2

u

2
− a

2
b̄k̃. (36)

As b̄k̃ is unbounded by assumption, the right-hand side of equation
(36) tends to −∞ as b̄ → ∞ and hence so too does the left-hand
side. Thus, under our supposition, equation (35) holds.

Now, equation (35) implies b̄
{

1−exp
(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))}

→ ∞.
Further, exp

(
ax∗ − ab̄k̃ + a2

2

(
k̃2σ2

b + σ2
u

))
ak̃σ2

b > 0 and k̃ > 0.

Thus, the left-hand side of equation (34) tends to −∞ as b̄ → ∞, a
contradiction, as the FOC no longer holds. Hence, we must have b̄k̃
bounded, and thus result (31) holds.
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Turning to the proof of result (32), rearranging equation (34),
we have

b̄

a2

⎡

⎣1 − e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))⎤
⎦

= − k̃

a

⎛

⎝λ + σ2
be

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))⎞
⎠ .

The right-hand side → 0 as b̄ → ∞ because k̃ → 0 whilst, with k̃, b̄k̃
bounded, the exponential term is also bounded.

Thus, we must have lim
b̄→∞

b̄
a2

⎡

⎣1 − e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))⎤
⎦ =

0, showing result (32).
Finally, we must also then have lim

b̄→∞
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

)
=

0. Given lim
b̄→∞

k̃ = 0, it follows that lim
b̄→∞

b̄k̃ = x∗ + aσ2
u

2 . This proves

result (33).

Using the lemma, we prove the main proposition of this section.

Proposition 2. When b̄ is sufficiently large, policy becomes more
active under greater asymmetry: dk̃

da > 0.

Proof. To prove the proposition, we establish that equation (30) is
positive as b̄ → ∞. From the prior lemma,

lim
b̄→∞

b̄

a2

⎡

⎣1 − e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))⎤
⎦ = 0

lim
b̄→∞

e

(
ax∗−ab̄k̃+a2

2

(
k̃2σ2

b + σ2
u

))
= 1.
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Moreover,

lim
b̄→∞

(
x∗ − b̄k̃

)
+ a
(
k̃2σ2

b + σ2
u

)
=
(

x∗ −
(

x∗ +
aσ2

u

2

))
+ aσ2

u

=
aσ2

u

2
> 0.

As lim
b̄→∞

k̃ = 0, it follows that b̄
a − k̃σ2

b → ∞ and hence (30)→ ∞ as

b̄ → ∞. Thus, for sufficiently large b̄, dk̃
da > 0.

Appendix 2. Learning about the Effects of Policy

Lemma 3. For a given choice of k1, the posterior mean and variance
of b (having observed x1) are given by

b|x1 ∼ N

(
b̄ +

σb
2k1

(k1)2σb
2 + σu

2 (x1 − b̄k1),
σb

2σu
2

(k1)2σb
2 + σu

2

)
. (37)

Proof. Given the distributional assumptions on b, u and given that
k1 is non-stochastic as chosen by the policymaker, we have that
x1 ∼ N

(
b̄k1, (k1)2σ2

b + σ2
u

)
. Then, as b, x1 are both normally dis-

tributed, we have that

b|x1 ∼ N

(
b̄ +

Cov (b, x1)
V ar (x1)

(x1 − E (x1)) , σ2
b − (Cov (b, x1))

2

V ar (x1)

)
.

(38)

Now, Cov (b, x1) = Cov (b, bk1 + u) = k1σ
2
b ; applying this to

equation (38) and rearranging completes the proof.

Lemma 4. Suppose σ2
u = 0 or σ2

u → ∞; then k2 is independent of
k1 and the solution for k1 is as in the static case.

Proof. From equation (37), it is clear that when σ2
u → ∞, b|x1 ∼

N
(
b̄, σb

2
)

and so k2 is independent of k1 and hence the solution for
k1 is as in the static Brainard case.

Now suppose σ2
u = 0. Then from equation (37) b|x1 has zero vari-

ance, and so in the second period the value of b is known perfectly
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for any choice of k1 �= 0. Thus, both b|x1 and b2|x1 are known per-
fectly in the second period. Hence k2 is independent of k1 and thus
the optimal solution for k1 will be as in the static Brainard case.

Proposition 3. When λ = 0, when the policymaker only cares about
the second period’s welfare, it is optimal to set k1 arbitrarily large.

Proof. The relevant objective of the policymaker is now E(W2),
where E(.) denotes the prior expectation of the policymaker before
x1 is realized. E(W2) has no closed-form solution; however, using the
law of iterated expectations we can write E(W2) = E(E(W2 | x1)),
where E(. | x1) is the posterior expectation of the policymaker once
x1 is realized. As shown below, E(W2 | x1) can be written in closed
form. Therefore, the logic of the proof will be that, for λ = 0,
E(W2 | x1) is maximized when k1 → ∞ for any realization x1.
In turn, this implies that E(W2) is maximized when k1 → ∞.

Once x1 is realized, we know that the optimal choice of k2 is
given by

k1 =
E(b | x1)x∗

E(b | x1)2 + V ar(b | x1) + λ
.

Substituting this into E(W2 | x1) yields

E(W2 | x1) = −1
2
E

[(
bE(b | x1)x∗

E(b | x1)2 + V ar(b | x1) + λ
+ u2 − x∗

)2

+
λE(b | x1)2(x∗)2

(E(b | x1)2 + V ar(b | x1) + λ)2
| x1

]
.

Expanding the brackets gives E(W2 | x1) =

− E(b2 | x1)E(b | x1)2(x∗)2

2(E(b | x1)2 + V ar(b | x1) + λ)2
+

E(b | x1)2(x∗)2

E(b | x1)2 + V ar(b | x1) + λ

− λE(b | x1)2(x∗)2

2(E(b | x1)2 + V ar(b | x1) + λ)2
+ t.i.p.,
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where t.i.p. denotes terms independent of policy. We can then fac-
torize to get

E(W2 | x1) = − E(b | x1)2(x∗)2

2(E(b | x1)2 + V ar(b | x1) + λ)2
(
E(b2 | x1)

− 2(E(b | x1)2 + V ar(b | x1) + λ) + λ
)

+ t.i.p.

Using the fact that E(b2 | x1) = E(b | x1)2 + V ar(b | x1), the
expression simplifies to

E(W2 | x1) =
E(b | x1)2(x∗)2

2(E(b | x1)2 + V ar(b | x1) + λ)
+ t.i.p.

=
(x∗)2

2
(
1 + V ar(b|x1)+λ

E(b|x1)2

) + t.i.p.

Now when λ = 0, the maximum value that E(W2 | x1) takes is
(x∗)2

2 , as all terms are positive. This occurs when V ar(b | x1) = 0
for any given realization of x1 (except the knife-edge case where
E(b | x1)2 = 0 and E(W2 | x1) is independent of the policy choice).
As described in the main text, V ar(b | x1) = σ2

bσ2
u/((k1)2σ2

b + σ2
u);

therefore V ar(b | x1) → 0 as k1 → ∞. Hence, E(W2 | x1) tends to
its maximum when k1 → ∞. By the logic above, this implies that
E(W2) also attains its maximum. This completes the proof.

Appendix 3. Policy Transparency and
Private-Sector Uncertainty

Proposition 4. Given our assumptions over parameters, a solution
exists where private-sector beliefs are of the form E(u|k) = γ0 +γ1k.
Moreover, γ1 > 0 and dk

du is decreasing in s = σ2
u

σ2
u+σ2

c
. Further, the

optimal policy choice under private-sector uncertainty is given by

k =
1 − 2βs

1 − 2βα

(
u + c +

βx+

1 − βs

)
.

Proof. Suppose that the private sector has a posterior expectation
of the form E(u|k) = γ0 + γ1k. As shown in the text, so long as
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−1
2 + β(α − γ1) < 0, the optimality condition of the policymaker is

then given by

k =
u + c − β(γ0 − x+)
(1 − 2β(α − γ1))

.

As u, c are normally distributed, so too is k and so, using the formula
for conditional normal distributions,

E(u|k) = E(u) +
cov(u, k)
V ar(k)

(k − E(k)).

Now, with u, c uncorrelated,

cov(u, k)
V ar(k)

=
σ2

u

(1−2β(α−γ1))
σ2

u+σ2
c

(1−2β(α−γ1))2

= (1 − 2β(α − γ1))
σ2

u

σ2
u + σ2

c

E(k) =
−β(γ0 − x+)

(1 − 2β(α − γ1))
.

Thus

E(u|k) = (1 − 2β(α − γ1))
σ2

u

σ2
u + σ2

c

(
k +

β(γ0 − x+)
(1 − 2β(α − γ1))

)

=
σ2

u

σ2
u + σ2

c

(
(1 − 2β(α − γ1))k + β(γ0 − x+)

)
.

This confirms that the postulated linear form for the private sec-
tor’s posterior belief, E(u|k) = γ0 + γ1k, is correct. Equating the
coefficients on k gives

γ1 = (1 − 2β(α − γ1))
σ2

u

σ2
u + σ2

c

.

Define s = σ2
u

σ2
u+σ2

c
, where s is a function of the signal-to-noise ratio,

and s ∈ (0, 1). Rearranging this equation gives

γ1 (1 − 2βs) = (1 − 2βα) s.
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As 2βα < 0 < 1, the right-hand side is non-zero, and thus we must
have γ1 �= 0, (1 − 2βs) �= 0, giving

γ1 =
(1 − 2βα) s

1 − 2βs
.

Now,

1 − 2β(α − γ1) =
(1 − 2βs) + 2β (1 − 2βα) s − 2βα (1 − 2βs)

1 − 2βs

=
(1 − 2βα) [(1 − 2βs) + 2βs]

1 − 2βs
.

Tidying gives

1 − 2β(α − γ1) =
(1 − 2βα)
1 − 2βs

.

From equation (24), we have a valid equilibrium iff 1−2β(α−γ1) > 0,
and hence iff (1−2βα)

1−2βs > 0. Thus, in any equilibrium in which private-
sector conditional beliefs are of the linear form, we must have γ1 > 0.
Moreover, given this, with 2αβ < 0 < 1 we must also have 2βs < 1.

Now, the equilibrium policy choice will be

k =
(u + c + β(x+ − γ0)) (1 − 2βs)

(1 − 2βα)
,

and so

dk

du
=

(1 − 2βs)
(1 − 2βα)

> 0,

which is decreasing in s. Finally, consider the coefficient γ0. Equating
the constant coefficient for E(u|k) gives γ0 = βs(γ0−x+). Given that
2βs < 1, βs �= 1, and we must have γ0 = −sβx+

1−βs , and x+−γ0 = x+

1−sβ .
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Proof of Proposition 1

The proof closely follows Ruge-Murcia (2006), with a slight modifi-
cation to allow for a non-zero lower bound. Define δt ≡ εt/σ such
that δt ∼ N(0, 1) and

r∗
t+1 = E(r∗

t+1) + σδt+1,

where from (2)

E(r∗
t+1) = α + ψrt.

Then, rt+1 = r∗
t+1 if r∗

t+1 > r̄ or, equivalently, if

δt+1 >
r̄ − E(r∗

t+1)
σ

≡ ct+1.

Note that ct+1 is observed in t. Thus, we have

E(rt+1) = E(rt+1 | δt+1 > ct+1)Pr(δt+1 > ct+1) + r̄P r(δt+1 ≤ ct+1),

where

Pr(δt+1 > ct+1) = 1 − Φ(ct+1)

and

E(rt+1 | δt+1 > ct+1) = E(r∗
t+1) + σE(δt+1 | δt+1 > ct+1)

= (r̄ − σct+1) +
σφ(ct+1)

1 − Φ(ct+1)
,

1
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where the second line uses a result in Maddala (1983, p. 366). Sub-
stituting back into the expression for E(rt+1) and simplifying, we get

E(rt+1) = r̄ − σct+1(1 − Φ(ct+1)) + σφ(ct+1),

which is the expression in the text.
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Appendix Figures

Figure 1. Response of Two-Year Yields on Interest Rate
Swaps around the Riksbank’s Policy Announcement

of February 12, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

Figure 2. Response of Two-Year Yields on Interest Rate
Swaps around the Riksbank’s Policy Announcement

of March 18, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.
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Figure 3. Response of Two-Year Yields on Interest Rate
Swaps around the Riksbank’s Policy Announcement

of July 2, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

Figure 4. Response of Two-Year Yields on Interest Rate
Swaps around the Riksbank’s Policy Announcement

of February 11, 2016
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Notes: The cut was partly unexpected and the unexpected component is included
in our sample. Vertical lines mark the time of the announcement. Yields are nor-
malized by adding a constant so that the average of the last two observations
before the announcement is zero. Yields are based on transaction prices from
Bloomberg.



10 International Journal of Central Banking September 2017

Figure 5. Response of Two-Year Yields on Interest Rate
Swaps around the Danmarks Nationalbank’s Policy

Announcement of January 19, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

Figure 6. Response of Two-Year Yields on Interest Rate
Swaps around the Danmarks Nationalbank’s Policy

Announcement of January 22, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.
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Figure 7. Response of Two-Year Yields on Interest Rate
Swaps around the Danmarks Nationalbank’s Policy

Announcement of January 29, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

Figure 8. Response of Two-Year Yields on Interest Rate
Swaps around the Danmarks Nationalbank’s Policy

Announcement of February 5, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.
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Discussion of “Macroprudential Policy
under Uncertainty”∗

François Gourio
Federal Reserve Bank of Chicago

1. Introduction

Following the global financial crisis of 2007–08, policymakers around
the world have made it a priority to avoid another occurrence of
financial crisis. New, tighter regulations of banks and other financial
intermediaries, but also mortgage and other credit markets, hold the
promise of reducing both the likelihood and severity of a financial cri-
sis. More controversially, some countries have adopted time-varying
macroprudential tools, such that these regulations can be changed
according to economic conditions.1

Of course, setting the appropriate level of macroprudential
“tightness” is challenging, even more so if it has to be varied over
time. Policymakers face all the usual difficulties in measuring in real
time the relevant economic and financial variables, weighting com-
plicated trade-offs to arrive at an optimal policy, then communicat-
ing it and implementing it. On top of that, the effect of the tools
is extremely uncertain because these tools are new and untested.
To be sure, there is accumulating evidence on the relation between
credit, growth, and financial risk (e.g., Schularick and Taylor
2012). However, this evidence is still preliminary and the estimated

∗The views expressed here are mine only and do not necessarily reflect those
of the Federal Reserve Bank of Chicago or the Federal Reserve System. Author
contact: Federal Reserve Bank of Chicago, 230 S. Lasalle St, Chicago IL 60604.
E-mail: francois.gourio@chi.frb.org.

1Perhaps even more controversially, some policymakers consider using mone-
tary policy tools such as the level of short-term nominal interest rates to affect
credit conditions and hence ultimately the risk of financial crisis. See Stein (2013),
Ajello et al. (2016), Svennson (2016), and Gourio, Kashyap, and Sim (2017) for
discussion and analysis.
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relationships may be unstable.2 The shift in policy regime also means
that existing empirical evidence may be less relevant because of the
Lucas critique.

In this context, the current paper is a welcome and timely addi-
tion. The key contribution is to explain very clearly under which
circumstances policymakers should take into account these various
forms of uncertainty when formulating policy. The paper builds on
a well-established normative literature that studies how uncertainty
should affect monetary policy. The starting point for this literature is
the certainty equivalence principle, which states that if an agent (the
policymaker) is choosing an action to minimize a quadratic expected
loss subject to linear constraints and additive shocks, then higher
uncertainty about the effect of shocks has no effect on the optimal
action: the policymaker takes the same action as if the shock was
known to be zero. Of course, higher uncertainty is bad: it increases
the expected loss, but it does not affect the optimal action.

Following up on the previous literature, the paper shows that
any deviation from these assumptions can generate a deviation from
certainty equivalence, i.e., optimal policy is affected by the amount
of uncertainty. Clearly, if the loss function is not quadratic—for
instance, it is asymmetric—or if the economy is not described by
a set of linear equations, the certainty equivalence principle will be
violated, though the direction of the bias will depend of course on
the exact asymmetry. Also, following Brainard (1967), uncertainty
about parameters can lead to attenuation bias; however, as has been
recognized for some time, this result is not general and it is easy to
build counterexamples where parameter uncertainty lead to a more
aggressive policy (see, for instance, Söderström 2002).

Many results discussed in the paper are drawn from literature,
but the authors add a very clear exposition and a thoughtful dis-
cussion of the practical relevance for macroprudential policy. The
authors also propose a new “signaling channel” through which the
regulator may use his macroprudential tool not only because it

2There is a long history of breakdown of empirical relationships between
macroeconomic variables and financial variables, and they may not be infor-
mative in real time (e.g., Edge and Meisenzahl 2011), due in part to financial
innovations that make consistent financial measurement challenging.
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affects the actual risk but also because agents infer from its use that
the central bank sees a high level of financial fragility. This allows
policy to be more powerful and hence be used more sparingly. An
interesting question is whether this allows the policy to be also less
distortive (i.e., are signals “cheaper” than actions?).

One potential limitation of the paper is that it studies the policy
problem in a simple static linear-quadratic framework. The advan-
tage is the clarity, but it comes at the cost of abstracting from several
issues. First, it is not quite clear if some results apply to the level
of policy variable or to the change. For instance, the policy question
may be whether to lower the capital requirement from 12 percent
to 10 percent. In this context, what does “inaction” or “attenua-
tion bias” mean? Getting a smaller ratio may be less active, but the
change in itself is an action.

Second, the static framework abstracts from issues of expecta-
tions that may be important, such as these found in the study of
monetary policy. For instance, suppose that a regulator adopts a
more reactive macroprudential policy rule. This would create expec-
tations by banks of changes in capital requirements in the future.
Since banks do not like to have to raise capital quickly, this rule
would likely change the behavior of banks which might keep larger
buffers (above the capital requirement). These kind of implications
are absent from the analysis.

My third issue with the framework has to do with the linear-
quadratic assumptions. This is a natural first step, and these
assumptions have been commonly used to study monetary policy.
However, the framework may be substantially more appropriate for
the stabilization problem inherent in monetary policy—i.e., trading
off the variance of output against the variance of inflation. It might
not adequately capture the trade-offs relevant for prudential policy.
For instance, very high financial stability is assumed to be “bad,”
which on its face seems difficult to understand. I believe it is more
natural to think of macroprudential policy as involving a trade-off
between the likelihood of crisis with a steady-state cost to the level of
output in the economy. Hence, instead of a variance-variance trade-
off, one has to consider a mean-variance trade-off. In the rest of this
discussion I provide a few simple examples of how one might start
thinking about this trade-off.
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2. Macroprudential Policy as a Mean-Variance Trade-Off

I first discuss the case with known parameters, then consider the
case with unknown parameters.

2.1 The Case with Known Parameters

For simplicity, start with a static framework. Agents have constant
relative risk aversion (CRRA) utility over aggregate consumption,

U(C) =
C1−γ

1 − γ

and aggregate consumption is uncertain. To start, assume that it is
log-normally distributed:

log C ↪→ N

(
μ − σ2

2
, σ2

)

where μ is the log of the mean of consumption, i.e., E(C) = eμ.3 Sup-
pose the regulator (government) can take some action that will affect
both the mean and the variance of consumption, such as tighter bank
capital requirements. Such a measure may reduce variance at the risk
of lowering the mean. One can capture this in a reduced-form way
by assuming a relationship

μ = μ0 + μ1σ,

where μ1 < 0 captures the slope of the trade-off.
If the parameters (μ0, μ1) describing the trade-off are known,

the optimal policy involves choosing a risk that maximizes expected
utility, i.e.,

max
σ

E (U(C)) .

3I incorporate the standard Jensen adjustment, i.e., the mean of log consump-
tion is μ − σ2/2, which ensures that the level of risk σ does not affect the mean
of consumption.
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It is easy to calculate this expected utility, which turns out to be
equal to

max
σ

U

(
μ0 − μ1σ − γ

σ2

2

)
,

so that the term inside is the certainty equivalent of consumption.
Maximizing expected utility involves then maximizing the certainty
equivalent:

max
σ

(
μ0 − μ1σ − γ

σ2

2

)
.

The solution is characterized by the first-order condition which
leads to

σ∗ =
−μ1

γ
,

so that higher risk aversion γ will lead to a choice of a lower variance
σ∗, while a steeper trade-off (a higher absolute value of μ1) will lead
to a higher risk since reducing risk is more costly.

2.2 The Case with Unknown Parameters

What happens if, on the other hand, the parameters (μ0, μ1) are
not known with certainty? I will solve this in the simple case where
the decisionmaker has a prior normal distribution over each of these
parameters. It turns out that the Brainard logic presented by the
authors applies in this context,4 but as we will see, the conclusion
might have a slightly different interpretation.

First, to make sure that an increase in uncertainty about μ0 or
μ1 has no direct effect on expected consumption, I will assume that

μ = μ̃0 + μ̃1σ + k(σ),

4Essentially, the combination of CRRA utility, log-normally distributed
endowment, and normal prior yields a quadratic problem similar to the one
studied by the authors.
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where k(σ) is chosen so that E(C) = eE(μ0)−E(μ1)σ does not depend
on V ar(μ0) or V ar(μ1).5 Log consumption is still assumed to be
distributed with mean μ − 1

2σ2 and variance σ2.
Calculating expected utility (where the expectation is taken now

both over the shock and the prior distribution over the parameters)
yields

E (U(C)) = U

(
E(μ0) − γ

2
V ar(μ0) − E(μ1)σ − γ

σ2

2
V ar(μ1) − γ

σ2

2

)

so that the optimal policy problem is to maximize the certainty
equivalent:

max
σ

E(μ0) − γ

2
V ar(μ0) − E(μ1)σ − γ

σ2

2
V ar(μ1) − γ

σ2

2

with first-order condition leading to the optimal choice:

σ∗ =
−E(μ1)

γ(1 + V ar(μ1))
.

We see that the same two conclusions as in the Brainard model
hold here: first, uncertainty about μ0 is irrelevant for the opti-
mal decision—the term V ar(μ0) does not appear in the optimal
policy choice σ∗, but it does reduce the expected utility. Second,
uncertainty about μ1 leads to a choice of a lower variance σ∗ than
the policymaker would choose if he had full information about the
parameters. One might think that is a standard Brainard result,
and indeed it is, except for the interpretation—a low σ∗ means, in
practice, a very tight macroprudential policy, so the policymaker
is actually using his tools aggressively despite the high uncertainty
with which they affect the average consumption of the economy. But
as discussed above, this reflects that the Brainard result does not
hold under all conditions—it depends if a more aggressive policy
increases or reduces risk.

5This requires that

k = −1
2
V ar(μ0) − 1

2
σ2V ar(μ1),

simply reflecting the standard Jensen adjustment.
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The result above relies on many assumptions, including the func-
tional form linking μ and σ, as well as the utility function and
the log-normal assumption. It should be clear that altering these
assumptions could easily lead to a reversal of the result.

2.3 Modeling Financial Crises as Rare Disasters

The modeling so far has assumed that macroprudential policy aims
to stabilize the economy by reducing the variance of consumption.
Macroprudential policy is, however, mostly focused on reducing the
likelihood or severity of rare financial crises. One might worry then
that the modeling adopted above, while tractable, does not capture
the key trade-offs appropriately.

To illustrate this, I consider the kind of processes studied in Barro
(2006) or Gourio (2012): consumption may have either a high level
C or a low level C(1− b). The first case arises with probability 1−p
and the second one with probability p. The scalar p can be thought
of as the probability of a financial crisis, and b measures the share
of consumption lost in a financial crisis. In this case, it is easy to see
that expected utility is

EU(C) =
C

1−γ

1 − γ

(
1 − p + p(1 − b)1−γ

)
.

If one assumes that there is a trade-off between the level of con-
sumption and the probability of crisis, for instance,

log C = d0 + d1p,

where the parameters (d0, d1) reflect the trade-off between the level
of output and the probability of financial crisis, then it is straightfor-
ward to obtain the optimal p. One could also do the same calculation
if there is uncertainty about d1. Clearly, the functional forms and
assumptions will drive the result. The general spirit is quite simi-
lar to that of the log-normal example. But the quantitative results
might be quite different, as the welfare cost of avoiding rare and large
shocks can be quite larger than smoothing out small fluctuations
(e.g., Barro 2009; Gourio, Kashyap, and Sim 2017).
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2.4 Generalization to Infinite Horizon

For simplicity I have focused on static calculations in these exam-
ples, and I have used a simple power utility. The goal of this section
is simply to clarify that this comes at no cost of generality, because
it is straightforward to generalize these results to an infinitely lived
agent with Epstein-Zin preferences, at least as long as consumption
growth is iid. To see this, consider a representative agent in which
utility (value) is defined recursively as

Vt =

(
(1 − β)C1−1/ψ

t + βEt

(
V 1−γ

t+1

) 1−1/ψ
1−γ

) 1
1−1/ψ

,

where ψ is the elasticity of intertemporal substitution to consump-
tion and γ measures risk aversion. Assume that this consumer has
an initial consumption C0 and faces macroeconomic risk in the form
of a unit-root iid consumption process:

Δ log Ct+1 = Xt+1,

where Xt+1 is an iid random variable. For instance, Xt+1 could be
normally distributed with mean μ− σ2

2 and variance σ, the standard
log-normal case. But one could also allow Xt+1 to take the form of
rare financial crises, so that Xt+1 = μ with probability 1 − p and
Xt+1 = μ − b with probability p.

To find the optimal policy, we must first solve for welfare. It is
easy to see in this model that the value-consumption ratio Vt/Ct is
constant and given by the solution to

v1− 1
ψ = 1 − β + βv1− 1

ψ Et

(
X1−γ

t+1

) 1−1/ψ
1−γ

and hence is determined by the moment Et(X
1−γ
t+1 ), which is the one

we studied in the static model. Hence our conclusions should apply
in this framework as well.

3. Conclusion

The paper is a clean and lucid analysis of how uncertainty should
affect macroprudential policy. It is hard to draw strong conclusions
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given the various channels and effects highlighted by the authors.
Moving beyond the qualitative results will require a credible DSGE
model that incorporates financial crises, makes their probability and
severity affected by macroprudential policy, and also incorporates
the costs of tighter regulation. Such a model would address the
key trade-off created by macroprudential policy, namely that lower
volatility (lower financial crisis probability) comes at a cost of less
capital accumulation and less production.

To conclude, one should also keep in mind that the design of
macroprudential policy cannot be isolated from that of the other
policies (monetary and fiscal). A natural approach is to let macro-
prudential policy focus on financial stability and let the other policies
offset the indirect effect of macroprudential policy on output and
inflation. This might create an additional constraint on monetary
and fiscal policies, and transfer the risk from the regulatory to the
monetary authority.6
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We study the transmission of changes in the believed loca-
tion of the lower bound to long-term interest rates since the
introduction of negative interest rate policies. The expecta-
tions hypothesis of the term structure combined with a lower
bound on policy rates suggests that the transmission of pol-
icy rate changes to long-term interest rates is reduced when
policy rates approach this lower bound. We show that if mar-
ket participants revise downward the believed location of the
lower bound, this may reduce long-term yields and increase
transmission. A cross-country event study suggests that such
effects have been empirically relevant during the recent nega-
tive interest rate episode.
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1. Introduction

Policy interest rates were reduced to near zero in many countries in
the aftermath of the global financial crisis. Because zero was broadly
believed to be the lower bound on interest rates, further monetary
loosening was achieved mainly through unconventional monetary
policies, such as quantitative easing. More recently, however, some
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central banks cut their policy rates into negative territory. Danmarks
Nationalbank, the Danish central bank, was a pioneer in cutting its
policy rate to −25 basis points in mid-2012.1 The European Central
Bank (ECB) cut its policy rate below zero in mid-2014, which was
followed by incremental rate cuts below zero by the Swiss National
Bank (SNB), Danmarks Nationalbank, and Sveriges Riksbank. The
Bank of Japan cut its main policy rate to −10 basis points in Jan-
uary 2016. The SNB has gone furthest with negative policy rates
by introducing negative interest rates of −75 basis points on banks’
sight deposit account balances, which have remained in place since
January 2015.

As policy rates have been cut below zero, the market’s belief
about the location of the lower bound on nominal interest rates
has also moved into negative territory. The lower bound remains
unknown, however. We refer to the level of the policy interest rate
that markets broadly believe is the lower bound as the believed lower
bound.

Interest rate policy transmits to the real economy through its
effect on the broader term structure of interest rates, and in nor-
mal times this transmission is not constrained by the lower bound
on interest rates. When the policy rate is very low or negative, the
distance to the believed lower bound narrows, and room for future
downward movements in policy rates shrinks. Ruge-Murcia (2006)
uses a very simple two-period term structure model to show that
this reduces the transmission of short-term policy rate cuts to long-
term interest rates. Ruge-Murcia (2006) and Grisse (2015) present
empirical evidence based on U.S. and Japanese data suggesting that
the transmission of short-term rates to long-term rates is indeed
reduced when policy rates are closer to zero. We argue and pro-
vide empirical evidence that if rate cuts below zero simultaneously
move the market’s believed location of the lower bound, this influ-
ences the distribution of possible future short-term policy rates and
may thus directly move long-term interest rates and increase policy
transmission.

1Sweden had a brief period of a negative rate on its deposit facility in 2009,
but this rate was not effectively binding for money markets and hence did not
transmit to financial markets.
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We first theoretically study the transmission of changes in the
believed location of the lower bound to long-term interest rates.
To motivate our empirical analysis, we extend the theoretical term
structure model of Ruge-Murcia (2006) to show that when short-
term interest rates are held constant, a drop in the believed lower
bound leads to a drop in longer-term interest rates, but only when
long-term interest rates are initially constrained by the lower bound
on short rates. This mechanism has also been highlighted by Kortela
(2016) and Lemke and Vladu (2016) based on much more sophisti-
cated shadow-rate term structure models. The advantage of illustrat-
ing this point with the Ruge-Murcia model is that it is analytically
very simple and intuitive, though at the cost of simplifying other fac-
tors that drive yield-curve variation. Second, we empirically study
the predictions of the model by using an event study of a panel
of advanced countries. To measure changes in the believed location
of the lower bound, we focus on central bank announcements of
interest rate cuts into negative territory, which likely departed from
conventional wisdom on the location of the lower bound. We conjec-
ture that such announcements changed the perception of the lower
bound not only in announcing countries but also across countries
more broadly. In other countries, short-term policy rates would have
remained unchanged on these occasions. By focusing on the effects
of such announcements on other countries’ long-term interest rates
and relating these effects to the initial level of short-term interest
rates across countries, we can identify the effect of changes in the
perceived location of the lower bound independently from the effect
of policy rate changes and more standard international interest rate
spillovers. Our results lend support to the model’s prediction.

There are important policy implications of these findings. In the
vicinity of the lower bound on interest rates, central bank actions or
communication that result in a downward shift in the believed lower
bound can reduce longer-term interest rates and thereby achieve
monetary policy loosening independently of short rate cuts. Such
actions or communication can also increase the distance of the policy
rate to the believed lower bound, thereby increasing the transmis-
sion of future rate cuts to long-term interest rates. Managing market
perceptions regarding the location of the lower bound is an impor-
tant dimension of effective central bank communication when policy
rates are low.
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Our paper is related to the two previously mentioned papers that
investigate the implications of a changing lower bound for monetary
policy transmission in the context of shadow-rate term structure
models. Based on their model, Lemke and Vladu (2016) use survey
expectations on interest rates in the euro area to argue that there
were two changes in the market-perceived lower bound prior to 2015:
a first change in May 2014 (when some forecasters started to predict
an ECB rate cut to −10 basis points at the June 2014 meeting) and
a second change in September 2014 (when the ECB’s rate cut of 10
basis points took markets by surprise). According to their model, the
decline in euro-area yields around the ECB’s September 2014 rate
cut was exclusively driven by changes in the lower bound. Kortela
(2016) also estimates a shadow-rate term structure model using euro-
area data, but the lower bound is allowed to vary gradually over the
sample. Considering alternative exogenous processes for the lower
bound, Kortela (2016) finds that models with a time-varying lower
bound fit the data better than constant lower-bound models. The
model also suggests that lower-bound changes were the main driver
of euro-area two-year yield movements between September 2014 and
January 2016. In contrast, the contribution of lower-bound changes
to changes in ten-year yields is found to be small. Our paper is the
first to consider the effects of changes in the believed location of the
lower bound on long-term yields in broader panel data on all five
countries that have moved policy rates into negative territory.

The remainder of this paper is structured as follows. The next
section presents and extends the Ruge-Murcia (2006) model, which
motivates the empirical analysis and identification strategy. The
empirical analysis is presented in section 3, and section 4 concludes.

2. Theory

With the purpose of deriving an empirical identification strategy
for assessing the relevance of changes in markets’ perceptions of the
location of the bound, we turn to the very simple two-period term
structure model with a lower bound derived in Ruge-Murcia (2006).2

2Ruge-Murcia (2006) shows that his results also apply to a more general set-
ting with an n-period bond, a more general stochastic process for the shadow
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The Ruge-Murcia model is highly intuitive and can be solved ana-
lytically, but it nevertheless has sufficient richness to allow us to
characterize the lower-bound effects on long-term rates in which we
are interested. We extend the Ruge-Murcia model to allow for the
lower bound to be different from zero and derive the impact of a
change in this lower bound on longer-term interest rates. In the
empirical approach, we proxy changes in the believed location of the
lower bound by central bank announcements of policy rates moving
into negative territory. This gives rise to the empirical identification
problem that both changes in short-term interest rates and changes
in the believed lower bound affect long-term rates and occur at the
same time. In section 3, we use the model to derive the conditions
under which the presence of shifts in the believed lower bound can
be identified in the data.

The short-term interest rate rt is constrained by a lower bound,

rt = max (r∗
t , r̄) , (1)

where r∗
t is the “shadow” short rate and r̄ is the level of the nomi-

nal interest rate that market participants jointly believe is the lower
bound. This believed lower bound is non-stochastic, and we treat it
as exogenous in the model in order to derive very simple derivatives
with respect to this level. We assume that it is equal to or below the
period 1 level of the short-term interest rate.

While it is outside the model, we can think of the empirically
unobservable believed lower bound as being influenced by observable
factors that are believed to influence the location of the actual lower
bound. The absolute or “true” lower bound is the level at which a
further interest rate cut will cause prohibitive financial upheaval—
or the level at which the central bank is simply unwilling to move
the policy rate further down, independently of such financial mar-
ket reactions. Prohibitive financial upheaval, for example, could be a
large-scale demand for zero-interest-rate physical cash in exchange
for bank deposits or other assets, effectively precluding the trans-
mission of the rate cut to the broader financial markets. A central

short rate, and non-normally distributed shocks. However, in this more general
setting, no closed-form solution exists, and the model properties can only be
explored numerically.
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bank’s unwillingness to reduce the policy rate in the absence of such
prohibitive financial upheaval can be driven by cultural, communi-
cation, or political economy considerations. Negative interest rates
have turned out to be unpopular and difficult to understand for the
broader population, giving rise to difficult challenges with communi-
cation. Central banks’ assessment of the degree to which banks are
willing to transmit negative interest rates may also matter. Banks’
reactions to rate cuts below zero matter for the expected effective-
ness of the transmission of a policy rate cut through the bank lending
channel, which may change the cost-benefit analysis of a rate cut for
central banks.3 They also matter for the expected transmission of
negative rates to retail deposits, which may increase the risk of a
large-scale shift into cash directly; see also Danthine (2016). The
design features of negative policy rates that matter for how bank
profits are affected, such as the central bank operating framework
and possible exemptions to the negative interest rate on central bank
reserves, may thus also matter for the location of the “true” lower
bound.

The discussion suggests that the location of the lower bound is
multifaceted, country specific, perhaps time varying, and very dif-
ficult to estimate. It is as of yet unobserved, but the market forms
a belief about the location of this lower bound, depending on per-
ceptions of financial market structure and preparedness, the central
bank operating framework, and cultural and political considerations.
As long as the believed lower bound is below the prevailing policy
interest rate level and the true lower bound is unobserved, it is the
believed lower bound that matters for expectations about future
interest rates.

The shadow short-term interest rate depends on past short-term
rates,

r∗
t = α + ψrt−1 + εt, (2)

where ψ > 0, such that interest rates are positively autocorre-
lated, and εt ∼ N(0, σ2). The model is reduced to the setting of

3One way to think about this bank transmission channel is the reversal rate,
as in Brunnermeier and Koby (2016).
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Ruge-Murcia (2006) if r̄ = 0. When r∗
t < r̄, the shadow rate is unob-

served, and market participants have to form expectations about r∗
t

conditional on variables observed up to and including period t.4

Finally, the yield of a two-period bond Rt is determined by the
expectations hypothesis,

Rt =
1
2

(rt + E(rt+1)) + θt, (3)

where θt is a liquidity and term premium, which is assumed to be
uncorrelated with εt.

To solve the model and express Rt as a function of rt, we have to
compute E(rt+1). This is done in the following proposition, which is
proved in Ruge-Murcia (2006) for the case where r̄ = 0.

Proposition. The expected future short rate is given by

E(rt+1) = r̄ + (α + ψrt − r̄) (1 − Φ(ct+1)) + σφ(ct+1), (4)

where

ct+1 ≡
r̄ − E(r∗

t+1)
σ

=
r̄ − (α + ψrt)

σ
(5)

and Φ(·) and φ(·) denote the standard normal cumulative and density
functions.

Proof. See the online appendix, at http://www.ijcb.org.

Here, ct+1 can be understood as a summary measure of the degree
to which the policy rate will be constrained by the believed lower
bound in period 2. Substituting (4) into (3) gives the solution for
the long-term bond yield,

Rt =
rt + r̄

2
+

1
2

(α + ψrt − r̄) (1 − Φ(ct+1)) +
σ

2
φ(ct+1) + θt. (6)

4One would expect that E(rt+1) ≥ r̄. From (4), a sufficient condition for this
to be the case is that ct+1 ≤ 0, or equivalently, E(r∗

t+1 | It) = α + ψrt ≥ r̄.
Since rt ≥ r̄, we require α/(1 − ψ) ≥ r̄. Assuming that |ψ| < 1, this inequality
suggests that the unconditional mean of r∗

t needs to be above the lower bound on
rt. However, this condition is not relevant any more if, as in the general model in
Ruge-Murcia (2006), additional exogenous variables are added to the shadow-rate
process (2).
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The main results of Ruge-Murcia (2006) immediately follow from
the first and second derivatives of (6). Not surprisingly, we have

∂Rt

∂rt
=

1
2

+
ψ

2
(1 − Φ(ct+1)) > 0. (7)

However, the response of long yields to short rate movements is
stronger if interest rates are higher:

∂2Rt

∂r2
t

=
ψ2

2σ
φ(ct+1) > 0. (8)

This result implies that as nominal interest rates approach the
lower bound, the response of longer-term yields to short rate changes
declines. This non-linearity arises because of the effect of rt on
E(rt+1), through the expectations hypothesis of the term structure.
The intuition for these results is similar to that for the “honeymoon”
effect (the non-linear relationship between the exchange rate and its
fundamentals) in Krugman’s (1991) target zone model. Suppose that
market participants think that future positive and negative interest
rate shocks are equally likely. In addition, suppose that short-term
rates are at 0.5 percent, with a lower bound of zero. Then, a future
shock to the shadow short rate of +1 percentage points would raise
short rates to +1.5 percent, while a shock of –1 percentage points
would only lower short rates to zero. Because market participants
anticipate that future short rate shocks are constrained by the lower
bound on nominal interest rates in this way, expected future short
rates and hence the yield curve are affected even when short rates
are still above the lower bound. When short rates are closer to the
lower bound, a short rate decline will produce a smaller downward
shift in expected future short rates and therefore also a smaller effect
on long-term yields.

We have thus far assumed that r̄ is fixed. Now consider a sur-
prise change in the lower bound—for example, due to a central bank
announcement: in t, the lower bound unexpectedly changes, but mar-
ket participants assume that r̄ will remain fixed at the new value
from t onward. In this exercise, we keep the current short rate rt

unchanged, as would be the case if the central bank communicates
that policy rates are possible at levels below the current believed
location of the lower bound—or if the revision in market views about
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the lower bound reflects the actions of a foreign central bank. From
(6), we have

∂Rt

∂r̄
=

1
2
Φ(ct+1) > 0. (9)

It is intuitive that this expression is positive, for the same reasons
as outlined in the previous paragraph.5 Furthermore, as expected,
∂Rt/∂r̄ is increasing in ct+1, i.e., a change in market views of the
lower bound matters most in a situation where short rates are
already constrained. From the definition of ct+1, it follows that

∂2Rt

∂r̄∂rt
= − ψ

2σ
φ(ct+1) < 0. (10)

Figure 1 depicts the relationship between the short-term pol-
icy rate and the long-term interest rate based on a simulation of
the model, for two different levels of the lower bound. The black
line reflects the relationship given a believed lower bound of zero,
whereas the gray dashed line reflects a believed lower bound below
zero. The black line has more curvature around zero, reflecting a
higher degree of constraint emanating from the assumed belief that
interest rates cannot go below zero in the second period. When the
believed lower bound shifts downward into negative territory, the
long-term interest rate shifts down given the policy rate, and this
downward shift is greater when the policy rate is closer to the initial
location of the believed lower bound.

In our empirical identification strategy, we utilize the finding that
the closer the policy rate to the perceived lower bound, the weaker
the effect of changes in short-term interest rates on long-term rates,
but the stronger the effect of changes in the believed lower bound
on long-term interest rates.

3. An Event Study of Changes in Lower-Bound Beliefs

The model shows that when the believed location of the lower bound
decreases, this reduces long-term interest rates to the extent that

5The same result is derived in the more sophisticated term structure model
of Lemke and Vladu (2016).
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Figure 1. Illustration of the Link between the Short-Term
Interest Rate and the Long-Term Interest Rate
in the Two-Period Ruge-Murcia (2006) Model

Notes: Parameters: α = 0, ψ = 0.95, σ = 1. The solid line assumes that the lower
bound on the policy rate is r̄1 = 0 percent, while the dashed line assumes a lower
bound of r̄2 = −0.75 percent.

these are already constrained by the lower bound. According to (9),
the model predicts that the decrease in the long-term interest rate
associated with a decrease in the believed location of the lower bound
is positively related to the proximity of the lower bound. We empir-
ically assess this prediction by using an event-study approach for a
panel of fourteen advanced economies. Empirically, we proxy changes
in the believed lower bound by unexpected central bank announce-
ments of policy rate cuts below zero. To study the effects in a panel
of countries, we conjecture that unexpected central bank cuts below
zero have affected the believed lower bound globally and not just
in the interest-rate-cutting country. We then study how long-term
yields have reacted across countries to such announcements. There
are a number of identification challenges with this approach, as well
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as event-study design issues, and we first discuss how we address
these.

3.1 Identification

To identify changes in the believed location of the lower bound,
we assume that central bank announcements of interest rate cuts
that departed from conventional wisdom regarding the location of
the lower bound are likely to have moved the perceived location
of the lower bound down. We also assume that such announce-
ments changed the believed location of the lower bound in countries
that did not simultaneously change their short-term policy rates. By
focusing on the reaction of yields in non-announcing countries, the
theoretical framework allows us to identify the presence of changes
in the perceived location of the lower bound on long-term interest
rates. To do this, we first make the following assumption:

Assumption 1. The cross-country variation in the effect on the
country-specific believed lower bound in non-announcing countries
is independent of the interest rate level in those countries.

Practically, we think of the change in the believed lower bound
in country i at time t, Δr̄i,t, as being proportional to the change in
the policy rate in the announcing country, Δrt:

Δr̄i,t = γΔrt + υi,t (11)

γ > 0,

where υi,t are independently distributed errors that capture country-
specific factors influencing the strength of the revision in the believed
lower bound. Expression (11) implies that the change (though
not necessarily the level) of the believed lower bound across non-
announcing countries i in response to a negative interest rate
announcement in period t is proportional to the unexpected part of
the cut in the announcing country. We do allow for this effect to be
smaller in non-announcing countries than the effect on the believed
lower bound in the announcing country, however (e.g., if γ < 1).
A rate cut below zero could affect the believed lower bound more
in the rate-cutting country than in other countries if the believed
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lower bound also captures an assessment of how far a particular
central bank is ready to cut rates, for example, based on the degree
of conservatism of the institution and country or the country-specific
state and readiness of the financial sector with respect to negative
rates.

Assumption 1 means that the effect on the believed lower bound
in other countries is independent of the prevailing interest rate level
in those other countries (i.e., the country-specific error term is inde-
pendent of the interest rate level). We think that this assumption is
reasonable. Possible cross-country variation in the effect of a rate cut
in other countries’ believed lower bound is likely to depend notably
on country-specific features as mentioned above, but such charac-
teristics in turn are unlikely to be structurally linked with the inter-
est rate level. Assumption 1 is actually stronger than required for
our purposes. In fact, we require only that Δr̄i,t is not positively
related to ri,t (i.e., that beliefs are not revised downward more in
countries with higher interest rates). One could perhaps argue that
for behavioral reasons, updates to the believed lower bound occur
only (or are larger) if the interest rate is sufficiently low. For exam-
ple, in a rational inattention setting where belief updating is costly,
investors may be more likely to contemplate the implications of for-
eign announcements for the domestic lower bound if interest rates
are sufficiently close to the lower bound already. In this case, the
strength of belief revisions would depend negatively on ri,t. This
does not affect our identification strategy, which relies on the idea
that changes in lower-bound beliefs are the only mechanism that
generates a negative correlation between the strength of changes in
long-term yields and the policy rate changes.

The selection of the relevant set of belief-changing central bank
announcements is not straightforward. There are no data or sur-
veys that provide systematic information on changes in the market’s
belief about the location of the lower bound. It is very difficult to
come up with objective criteria for selecting announcements that
are likely to be associated with changes in the believed lower bound.
Identification hence has to rely on a certain amount of judgment.
To remain as general and objective as possible but with the risk
of selecting announcements that are not associated with changes
in the believed location of the lower bound, our baseline includes
all central bank announcements of leading policy rate cuts into, or
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further into, negative territory that were unexpected.6 This event-
selection strategy may increase the amount of noise in the indepen-
dent variable, which could give rise to attenuation bias. This would
stack the odds against finding significant effects, suggesting that the
effects may be even stronger than those suggested by our estimates.
Table 1 presents all the announcements made to date of leading pol-
icy rate cuts in negative territory. Column 6 contains the part of the
announced cut that was unexpected, as measured by Bloomberg’s
survey of financial market participants. We thus select the twelve
announcements that contained an element of surprise according to
the Bloomberg survey.

As it is unlikely that all these announcements had similar effects
on the believed lower bound, we also consider alternative announce-
ment selections. For example, later cuts into negative territory could
have been less belief changing than early ones, where interest rates
went below levels never seen before. As a robustness check of our
baseline, we therefore also consider the subset of “new global lows”
(i.e., interest rate cuts that moved a policy rate below levels previ-
ously seen). This subset comprises the two announcements by the
SNB, as earlier announcements by Danmarks Nationalbank that first
brought interest rates into negative territory were anticipated. We
also consider a sample that excludes country observations where the
policy rate of the country in question was already lower than that
reached by the announcing country. The drawback of these two sub-
sets, particularly the former, is that the number of observations is
reduced.

A second identification challenge is that policy rate cuts may also
affect long-term interest rates through the normal channels of the
term structure of interest rates. As discussed above and as shown by
the model, a policy rate cut directly affects long-term yields in the

6We select only cuts below zero for the policy rate that transmit to money mar-
kets and do not consider cases where interest rates on central bank deposit facil-
ities were cut into negative territory when the leading policy rate has remained
positive. The first announcement by Riksbank in 2009 of a negative interest rate
on its deposit facility did not effectively bind or transmit to money markets and
is hence unlikely to have changed perceptions of how much interest rates could
be cut below zero. More recently, both Norway and Hungary cut the rate on their
deposit facilities below zero while keeping the leading policy rate positive. We do
not consider these announcements to be relevant either.
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announcing country through the expectations channel of the term
structure, but we remove this direct impact by considering only how
long-term interest rates respond in non-announcing countries. There
may still be indirect effects through standard policy spillovers, how-
ever. These could be in the form of spillovers of policy rate moves
to foreign policy rate moves, to expected future policy moves (i.e.,
lower for longer expectations), or through the term premium. Note
first that our model suggests that if policy interest rates move in
other countries in response to an unexpected interest rate cut below
zero, the isolated effect on long-term yields would be smaller when it
is closer to the lower bound, given the believed lower bound, which
is opposite of the effect of a reduction in the believed lower bound.
We briefly discuss the implications of other types of spillovers for
our identification strategy here.

Consider the case where an unexpected negative interest rate
announcement influences long-term yields in other countries through
the expected duration of the other countries’ own low-interest-rate
regime. Even if an unexpected cut below zero does not lead to a
higher likelihood of policy rate cuts in other countries, it could still
lead market participants to believe that policy rates will stay low
for longer than previously believed. This channel can be captured
in our theoretical framework by assuming that foreign interest rate
cuts reduce α and thus reduce the long-term average interest rate
level. Alternatively, one could assume that the shock to the second-
period interest rate εt+1 has a non-zero mean μ, with foreign negative
interest rate announcements lowering μ. These two formulations give
identical results, so we focus here on the case where α changes. One
finds that a decrease in α lowers long-term yields,

∂Rt

∂α
=

1
2

(1 − Φ(ct+1)) > 0. (12)

This effect is stronger if interest rates are higher:

∂2Rt

∂α∂rt
=

1
2σ

φ(ct+1) > 0. (13)

Thus, just as in the case of an effect of foreign interest rate cuts
on domestic short rates, we find that a potential “lower for longer”
effect of foreign interest rate cuts would induce a positive correlation
between changes in long-term yields and interest rate levels.
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Now consider spillovers through term premiums. The term pre-
mium in the model of Ruge-Murcia (2016) plays no important role:
shocks to the term premium are assumed to be uncorrelated with
all other shocks in the model. In practice, however, movements in
term premiums are important drivers of bond yield movements and
likely to be endogenous, notably to policy moves and expectations.
For example, announcements of cuts into negative territory were
on some occasions accompanied by announcements of quantitative
easing, and the associated portfolio balance effects on term premi-
ums on government bonds could spill over to term premiums on
assets in other countries. Moreover, it is often argued that cuts
below zero are considered a sign of desperation in financial mar-
kets, resulting in higher risk premiums. This could increase the term
premium but could also reduce it if the underlying instruments are
considered safe (flight to safety). The empirical literature finds that
term premiums are indeed an important source of variation and
that they respond to monetary policy. For example, Crump, Eusepi,
and Mönch (2016) find that for maturities greater than three years,
term premiums explain more than 90 percent of the variation in the
changes in bond yields. Abrahams et al. (2016) and Crump, Eusepi,
and Mönch (2016) also find that term premiums increase in response
to expansionary monetary policy shocks.

These findings are consistent with those of Rudebusch and
Swanson (2012), who link an expansionary monetary policy surprise
to expectations that economic activity will be higher and hence that
marginal utility will be lower in the period when nominal bonds pay
off. This makes bonds a less attractive investment, lowering their
prices through a higher term premium. In contrast, Hanson and
Stein (2015) argue that the decline in long-term real forward rates
to surprise policy rate cuts is due to declines in the term premium—
i.e., short-term rates and term premiums move in the same direction
in response to monetary policy shocks. They build a model where the
reaction of term premiums to policy shocks is due to the presence of
yield-oriented investors. In response to a surprise interest rate cut,
these investors rebalance their portfolios toward longer-term bonds
in order to mitigate the decline in their average portfolio yield. The
resulting increased demand for longer-term bonds raises their prices
and lowers the term premium.
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If monetary policy surprises affect term premiums, the relevance
of this for identification depends on how it is related to the interest
rate level. We are not aware of any studies that directly examine
this link. Neither of the theoretical contributions mentioned above
model the lower bound explicitly. Introducing a lower bound in these
models could limit the response of term premiums to shocks, which
would suggest that, if anything, the spillovers through term premi-
ums could be either independent of the interest rate level or increas-
ing in this level. This is opposite of the relation with the interest
rate level suggested by changes in the believed lower bound. Poten-
tial spillovers through the term premium should therefore not affect
our identification strategy.7

In general, the lower the interest rate level, the less standard pol-
icy spillovers should be able to influence long-term yields because of
the lower-bound constraint. In contrast, the closer a country is to the
lower bound, the larger the potential effect of a downward shift in
the believed lower bound on interest rates. If an announcement has
larger effects on long-term interest rates in countries that are closer
to the lower bound than in countries that are further away from
the lower bound, it implies that the believed lower bound is shifting
down and that this effect is outweighing possible opposite effects
of standard spillovers through policy expectations and risk premi-
ums. We use these observations to formulate a sufficient condition
for belief effects on long-term interest rates to be present.

To make this point more formally, consider a central bank that
announces a surprise cut of its policy rate into negative territory,
drt < 0. The effect on the long-term yield Rit in another country
i is

dRit

drt
=

∂Rit

∂rit

drit

drt
+

∂Rit

∂r̄it

dr̄it

drt
. (14)

The first term on the right-hand side reflects a standard policy
spillover effect through expected policy actions or the term pre-
mium.8 The second term reflects the effect of changes in the believed

7Their presence could set the bar higher for identification, however.
8We have not included other standard spillovers such as changes in policy

expectations (lower for longer) or changes in the term premium here. These effects
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lower bound, and it is this effect that we are interested in identify-
ing. If short-term interest rates do not respond to cuts in policy rates
in other countries, then the identification problem is solved.9 This
would be a reasonable expectation if the announcing country is small
in financial markets in comparison with country i.10 It is nevertheless
unlikely to be a good description of the data when the announcing
country is influential in global financial markets or if the announce-
ment is unusual and commands attention. We therefore rely on the
predictions of the extended Ruge-Murcia (2006) model for identifi-
cation. Consider how the above change in long-term yields depends
on the interest rate level in country i. From (14), we have

d2Rit

drtdrit
=

∂2Rit

∂r2
it

drit

drt
+

∂Rit

∂rit

d2rit

drtdrit
+

∂2Rit

∂r̄it∂rit

dr̄it

drt
+

∂Rit

∂r̄it

d2r̄it

drtdrit
.

(15)

The first two terms on the right-hand side capture traditional
spillover effects on interest rates and how these vary with the inter-
est rate level in country i. The last two terms capture how the effect
of changes in the believed lower bound on long-term interest rates
depends on the interest rate level. We now make assumption 2:

Assumption 2. Short-term interest rates in country i either do not
respond to changes in the policy rate of the announcing country or
move in the same direction as policy rates in the announcing country:
drit/drt ≥ 0.

Given business-cycle synchronization and the positive correlation
of central bank policy rates across advanced economies, we consider

could easily be included, however, by modeling the effects on future policy expec-
tations through a shift in the mean error of the interest rate process. A spillover
through the term premium could be included through dθt/drt.

9Note that in the version of the Ruge-Murcia (2006) model discussed in section
2, drit/drt = 0 holds by assumption. However, the model can be easily general-
ized by including foreign interest rates as an exogenous variable in the stochastic
process for the shadow short rate, equation (2).

10This is unless smaller central banks had information about future ECB pol-
icy decisions in advance and lowered rates in anticipation of an upcoming ECB
rate cut. However, we find such informational advantages to be unlikely in our
sample.
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it likely that this assumption is fulfilled in the data. Assumption 2
together with equation (8) above, which says that ∂2Rit/∂r2

it > 0,
imply that the first term on the right-hand side of (15) is non-
negative. Note that the model prediction in equation (8) has been
validated in time-series studies by Ruge-Murcia (2006) for Japan
and by Grisse (2015) for the United States. Related evidence is pro-
vided by the finding by Swanson and Williams (2014) and others that
bond yield responses to macroeconomic data surprises have declined
as interest rates approached the lower bound. We therefore expect
equation (8) to also hold in the cross-section of advanced economies.
These studies include all spillover effects, including those through
term premiums and expectations of future policy action.

The second term on the right-hand side of (15) is positive. We
know this because equation (7) says that ∂Rit/∂rit > 0. Moreover,
d2rit/drtdrit = drit/drt ≥ 0 by assumption 2.

Now consider the third term on the right-hand side of (15).
Equation (10) above says that ∂2Rit/∂r̄itdrit < 0. Therefore, if
dr̄it/rt > 0, the third term is negative.

Assumption 1 together with equation (9) above, which says that
∂Rit/∂r̄it > 0, imply that the last term on the right-hand side of
(15) is non-positive.

In short, under assumptions 1 and 2, the model shows that the
effect of changes in the believed lower bound on long-term interest
rates decreases in the level of interest rates prevailing in a given
country. In contrast, the effect of changes in expected future short-
term interest rates or term premiums on long-term interest rates
increases in the level of interest rates prevailing in a given country.
We can thus design our empirical strategy around a sufficient con-
dition for the presence of effects of changes in the believed lower
bound on long-term interest rates. Specifically, we assess whether
the effect of unexpected interest rate cuts below zero on long-term
interest rates in other countries is negatively related to prevailing
interest rate levels.

It should be stressed that a negative relationship between the
interest rate level and the effect of foreign interest rate cuts into
negative territory on long-term interest rates is a sufficient but
not necessary condition for the presence of belief effects. This is
because we observe only the combined effects in the response of long-
term yields to announcements. If standard spillovers are present and
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Figure 2. Overview of Recent Policy Rate
Cuts Below Zero
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positively related to the interest rate level, and if these outweigh the
belief effects of the lower bound, the belief effects might still be there,
but we would not see them. For the same reason, our approach does
not allow us to identify the size of the believed lower-bound effects
independently of other spillovers.

3.2 The Events

Table 1 lists the relevant policy rate cuts into negative territory
undertaken so far, and figure 2 illustrates the time paths of the
policy rates of the sample countries.

A downward shift in the believed lower bound and the traditional
spillovers associated with these announcements should be accom-
panied by a decline in interest rates in non-announcing countries.
As a first assessment of the data, we have plotted the movements
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of two-year yields, based on data on transactions-based intraday
interest rate swap rates from Bloomberg, in the two and a half
hours following each of the announcements that were unexpected.11

Because of the global nature of the sample, some of these markets
had very low liquidity and few transactions around the time of the
announcements, and the data are hence not always very informa-
tive. A first look reveals that the effects of the announcements were
highly heterogeneous across both countries and events. Below, we
discuss the events in more detail and present those plots that best
illustrate the findings of the model.12

The first policy rate cut into negative territory by the Danish
central bank in 2012 came just hours after a surprise ECB rate
cut in positive territory, and interest rates had therefore started
to decline globally well before the Danish announcement. Table 1
shows that the cut was largely expected despite the novelty of mov-
ing policy rates below zero, perhaps also reflecting that the Danish
central bank had been preparing a foundation for moving into neg-
ative territory. The subsequent ECB rate cut in June 2014 was also
largely expected, according to the Bloomberg survey. The use of neg-
ative policy rates had been discussed, and the debate had evolved
in the months preceding the actual cut; thus, possible effects on
the believed lower bound would already have taken place by the
time the ECB made its announcement (see also Lemke and Vladu
2016).

The following announcements were different. In September 2014,
the ECB took the policy rate to the previous global low of –20 basis
points that Denmark had already reached, and this cut was largely
unexpected. As partly reflected in figure 3, this rate cut was asso-
ciated with yield declines in the euro area as well as in the United
States, the United Kingdom, Canada, Hungary, Poland, Switzer-
land, Denmark, Sweden, and Norway. Yields were declining for about
one hour after the announcement (roughly until the beginning of
the press conference). While these declines are consistent with a
change in the market-perceived lower bound, it is common for global

11We focus on two-year yields on interest rate swaps; the picture is similar for
five-, seven-, and ten-year yields.

12The plots for the remaining events are presented in the online appendix, in
the section titled Appendix Figures.
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Figure 3. Response of Two-Year Yields on Interest Rate
Swaps around the ECB’s Policy Announcement

of September 4, 2014
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

markets to react to ECB announcements, and a positive correlation
of cross-country interest rate movements is not surprising.13

The SNB’s 25 basis point rate cut to –0.25 percent in December
2014, after an unscheduled meeting, was unexpected. It resulted in
a drop in Swiss long-term yields of about 8 basis points and was also
associated with modest yield declines in the euro area, the United
States, United Kingdom, Canada, Hungary, Poland, and Denmark,
as partly shown in figure 4. Some yields subsequently increased by
the end of the event window. Interestingly, this was mainly observed
in countries that were away from the lower bound at that time. SNB
announcements do not normally have large effects on foreign inter-
est rates. The fact that this announcement was unusual, in that it
reached a new global low of negative interest rates, may have made
it different.

13At the press conference starting at 2:30 p.m. local time, the introduction of
an asset purchase program was also announced. However, yields declined partic-
ularly after the release of the press statement (which mentioned only the interest
rate decision) and before the press conference.
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Figure 4. Response of Two-Year Yields on Interest Rate
Swaps around the SNB’s Policy Announcement

of December 18, 2014
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

The SNB’s 50 basis point rate cut to –0.75 percent in January
2015 was also fully unexpected and perhaps even more surprising,
given how far this cut went beyond the previous global low. This
cut was also associated with a decrease in Swiss long-term rates.
The right panel in figure 5 shows that the two-year rate initially
dropped about 20 basis points. The five-year yield dropped by 8
basis points the following day (see table 1). Yield declines were
also observed in the euro area, the United States, United King-
dom, Canada, Denmark, and Norway, as shown in the left panel
of figure 5. The announced interest rate cut accompanied the sur-
prise announcement of the discontinuation of the 1.20 EUR/CHF
exchange rate floor, which led to sharp appreciation in the Swiss
franc and a global spike in FX volatility and risk-aversion meas-
ures. Therefore, while the observed yield movements are consistent
with a change in the market-perceived lower bound, they are likely
to reflect spillovers on term premiums and expectations that could
have reinforced, or attenuated, the effect on longer rates in other
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Figure 5. Response of Two-Year Yields on Interest Rate
Swaps around the SNB’s Policy Announcement

of January 15, 2015
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

countries, underlining the need for our more rigorous approach to
identification.14

Just days after the Swiss announcement, the Danish central bank
cut its policy rate and continued to cut it in three further separate
steps over the subsequent month, reaching a negative policy rate
level equal to the global low of the Swiss policy rate by Febru-
ary 5, 2015. Each of these steps was unexpected according to the
Bloomberg survey. In general, yields dropped in Denmark, but the
responses in other countries were mixed, and we do not depict them
here.15

Sweden’s Riksbank subsequently cut its policy rate on Febru-
ary 12, March 18, and July 2, 2015, reaching a policy rate of –35

14Yields in Hungary and Poland increased, potentially reflecting a perceived
deterioration in financial conditions in these countries, where the private sector
had borrowed heavily in Swiss francs. Because of the Swiss franc appreciation,
the local currency value of these debts rose.

15The figures are available in the online appendix.
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basis points. These announcements were also unexpected, and they
did not reach new global lows. The announcements were associated
with important drops in Swedish yields and some downward move-
ment in rates elsewhere. It is unlikely that the Danish and Swedish
announcements in 2015 influenced the believed lower bound as much
as the preceding Swiss announcements to which they were reacting,
however, because they were less novel.

The ECB cut its leading policy rate further below zero on
December 3, 2015, but this cut was fully expected according to the
Bloomberg survey. On January 29, 2016, the Bank of Japan cut its
leading policy interest rate to 10 basis points below zero. This was
fully unexpected. Leading voices at the Bank of Japan had commu-
nicated just days earlier that negative interest rates were out of the
question in Japan. Financial markets in Japan seemed completely
unprepared, which triggered an increase in risk premiums and risk-
off. While the cut was quantitatively small, the immediate impact
on the believed lower bound in Japan could have been large because
of the change in attitude inside the Bank of Japan that this cut
could have been taken to signal. The cut was indeed associated with
important long-term yield declines in Japan. Figure 6 shows that in
the hours following the announcement, the two-year yield declined
by 8 basis points. In the days that followed, long yields declined
even more. Subsequent Bank of Japan communications have partly
explained the unexpectedly large declines in long-term yields with
downward shifts in the believed lower bound.16 The announcement
by the Bank of Japan was also associated with yield declines in the
United States, the euro area, Australia, and New Zealand, but these
declines were modest. As rates had already gone much further into
negative territory elsewhere, revisions to the believed lower bound
in other countries may have been small.

As in the case for the ECB, surprise announcements by the
Bank of Japan normally affect markets globally, even if the believed
lower bound is unaffected, calling for a more rigorous analysis of the
data.

Sweden’s Riksbank again cut its policy rate on February 11, 2016,
but the unexpected component of this cut was only 5 basis points.

16See Kuroda (2016).
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Figure 6. Response of Two-Year Yields on Interest
Rate Swaps around the Bank of Japan’s Policy

Announcement of January 29, 2016
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Notes: The cut was unexpected and included in our sample. Vertical lines mark
the time of the announcement. Yields are normalized by adding a constant so
that the average of the last two observations before the announcement is zero.
Yields are based on transaction prices from Bloomberg.

Yields in other countries tended to moderately decline after this
announcement.17

Finally, the ECB cut its leading rate by 10 basis points to –40
basis points on March 10, 2016. This cut was expected, and we do
not learn much from the market reaction to it. Yields, if anything,
tended to increase in response.18 Interestingly, during the press con-
ference following the announcement, the ECB President answered a
question about how low interest rates could go with remarks about
adverse consequences for the banking system of negative interest
rates and the desire of the ECB’s Governing Council not to signal
that rates could go as “low as we want.”19 At about this time, yields
in other countries moderately increased.

17Not shown, but see figure 4 in the online appendix.
18The ECB did not introduce a tiered system for the interest rate on central

bank reserves on deposit with the ECB, as had been expected, so the announce-
ment as a whole may have been less of a stimulus than expected.

19Transcript from the ECB press conference on March 10, 2016, available at
http://www.ecb.europa.eu/press/pressconf/2016/html/is160310.en.html.
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Overall, global market movements around the announcements
suggest a tendency for foreign yields to decline when announced cuts
were unexpected. The data also suggest that there is a lot of varia-
tion in the market response across these unexpected announcements
and across countries that requires further investigation.

3.3 Panel Investigation

We now turn to a more formal panel data analysis of the lower-bound
location channel.

3.3.1 Specification

Our baseline panel specification is as follows:

ΔRi,t = β0 + β1Δrt + β2ri,t−1 + β3Δrt × ri,t−1 + εi,t (16)

ΔRi,t = β0 + β1Δrt + β2Ri,t−1 + β3Δrt × Ri,t−1 + εi,t. (17)

The index t runs across the selected twelve announcement dates;
the index i runs across the countries in our sample excluding the
country announcing at time t. This implies that the sample com-
position changes across announcements. The surprise component of
the change in the policy rate in the announcing country, Δrt, prox-
ies for the revision of market views about the lower bound but also
captures the standard policy spillovers through interest rates dis-
cussed above. The distance to the lower bound in the home country
is measured in two alternative ways. We first use the level of the
home-country policy rate ri,t−1 in specification (16). Alternatively,
we use the long-term yield Ri,t−1 in specification (17) to capture the
proximity of the lower bound in country i over the lifetime of the
long-term bond. Note that the coefficient of proportionality γ from
equation (12) is subsumed within the coefficients β1 and β3, while a
potential non-zero mean of υi,t would be subsumed within β2.

Focusing on specification (16) for a moment, the effect of Δrt

on ΔRi,t is given by β1 + β3ri,t−1. The hypothesis that a downward
revision in market views about the lower bound is associated with a
decline in long-term yields and that, from equation (10), this effect
is stronger for countries where interest rates are more constrained
then corresponds to β3 < 0: if β3 < 0, then a lower value of ri,t−1
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is associated with an increase in ∂Rt/∂r̄. Following the discussion
in section 3.1, if β3 < 0, we can interpret this as evidence that
the change in the believed lower bound affected long-term interest
rates and that this lower-bound effect has outweighed any possible
spillover effect through short rate changes.

The coefficient β1 represents ∂Rt/∂r̄ under the condition that
ri,t−1 = 0. Note that we cannot include episode-specific fixed effects
because of the presence of Δrt in the regression. Therefore, we can-
not account for global factors that affect the yields of all countries in
t in the same way—for example, changes in risk sentiment or glob-
ally relevant economic news. The coefficient β1 is then difficult to
interpret because it reflects both the effect of negative interest rate
announcements when ri,t−1 = 0 and other episode-specific global
movements in yields. A priori, one would not expect the change in
yields in any particular episode to depend on the initial yield level;
thus, we expect β2 = 0.20

3.3.2 Sample and Data

Our sample of countries comprises Australia, Canada, the Czech
Republic, Denmark, the euro area, Hungary, Japan, New Zealand,
Norway, Poland, Sweden, Switzerland, the United Kingdom, and the
United States. This sample is chosen to include countries where pol-
icy rates have been likely to be directly constrained by the believed
location of the lower bound (Denmark, Switzerland, Sweden, Japan,
and the euro area), countries that have been somewhat constrained
(the United Kingdom and United States), and some that have been
more comfortably away from the lower bound, such as Australia
and New Zealand, as well as Poland and Hungary, to some degree.21

We have a total of 155 observations, based on thirteen countries
(fourteen less the announcing country) times twelve announcements,

20However, the effect of the (policy) interest rate level ri,t−1 on the yield change
is β2 + β3Δrt. Because we are focusing on negative interest rate announcements,
we have Δrt < 0 by construction. Therefore, the coefficient β2 in itself (the effect
of ri,t−1 given that Δrt = 0) is not very meaningful. If β3 < 0 and if the effect of
ri,t−1 is small across countries and across announcements, then we expect β2 < 0.

21We do not include euro-area countries individually since the lower bound on
the short-term interest rate refers to monetary policy decisions and is hence the
same across the euro area.
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excluding Denmark for ECB’s September 2014 announcement, where
Denmark subsequently cut its own policy rate.

As the dependent variable, we use the daily change in yields on
interest rate swaps ICAP series from Datastream, which according
to Datastream are computed using data as of 5:00 p.m. CET for
all sample countries. The short rate in the swap is the three-month
rate. The advantage of this data set is that the yield is computed
at exactly the same time across the sample countries, allowing us to
capture the announcements. We use daily data and a one-day event
window because there is very little liquidity around our negative
interest rate events and because the one-day window allows yields
in these countries to respond when markets open. Daily data are
available for a larger set of countries. Depending on the announce-
ment time, the one-day window is split into a short (a few hours)
pre-announcement window and a longer post-announcement win-
dow (for the Bank of Japan announcement) or into a short (a few
hours) post-announcement window and a longer pre-announcement
window (for those European announcements that are made in the
afternoon).

As explanatory variables, we use the surprise component of inter-
est rate announcements (Δrt), as computed from the Bloomberg
Survey and listed in table 1. As measures of domestic interest rate
levels, we use the central bank policy rate (ri,t−1) or the interest
rate on the swap contract that is also used to compute the depen-
dent variable (Ri,t−1), as of the day prior to the announcement. The
latter captures the relevance of the lower bound over the lifetime of
the swap contract. Summary statistics for the regression variables
are presented in table 2.22

3.3.3 Results

Table 3 contains the baseline regression results. The dependent vari-
able is the change in the long-term interest rate in basis points. The
first four columns contain the results for specification (16) when the
prevailing policy rate is used as a measure of the believed distance
to the lower bound for all four different maturities of the dependent
variable that we consider. The last four columns display the results

22Data sources and definitions are summarized in the online appendix, table 1.
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Table 2. Summary Statistics

Mean St. Dev. Min. Max. Obs.

Monetary Policy −17.92 12.15 −50.00 −5.00 12
Surprises, Δrt (bps)

Central Bank 0.89 1.14 −0.75 3.50 155
Policy Rates, ri,t−1(%)

Yield Change, ΔRi,t (bps)

Two-Year Yields 1.06 1.07 −0.76 4.17 155
Five-Year Yields 1.37 1.09 −0.56 4.49 155
Seven-Year Yields 1.57 1.09 −0.34 4.61 155
Ten-Year Yields 1.83 1.07 −0.07 4.73 155

Yield Level, Ri,t−1 (%)

Two-Year Yields −1.56 2.97 −9.11 8.10 155
Five-Year Yields −1.80 3.87 −12.01 11.52 155
Seven-Year Yields −1.82 4.25 −14.25 11.45 155
Ten-Year Yields −1.78 4.72 −15.80 11.60 155

Notes: We include only days of negative interest rate announcements and only dates
with non-zero announcement surprises based on the median of the Bloomberg sur-
vey. We pool the data across these twelve announcements and fourteen countries, but
for each announcement we exclude the announcing country, leaving thirteen coun-
tries per announcement. Interest rate levels are measured in percentage; interest rate
changes are measured in basis points. Yields refer to daily data as of 5:00 p.m. CET
on ICAP yields on interest rate swaps with a three-month variable leg, obtained from
Thomson Reuters Datastream.

for specification (17) where the long-term rate that is also used to
compute the dependent variable is used as a measure of the believed
distance to the lower bound over the lifetime of the fixed-income
investment in question.

The constant term is negative, suggesting that, on average, long-
term interest rates dropped on announcement dates by 2 to 3 basis
points depending on the maturity and specification. In contrast, we
find that the direct effect of unexpected rate cuts is negatively pro-
portional to the interest rate cut—often significantly so. Combined
with the constant term, this could reflect average changes in macro-
economic conditions to which the rate cut in the announcing country
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is reacting, but it could also reflect some average effect of the cut
that is independent of the size of the cut or home-country interest
rate level.

The estimated coefficients on the interaction term Δrt × ri,t−1
have the expected negative sign and are highly statistically signif-
icant across maturities and specifications. The further away from
the lower bound a country is when an unexpected policy rate cut
is announced in another country, the less the home-country long-
term interest rate decreases on announcement dates (or the more
the long-term interest rate in the home country increases on such
dates). This is consistent with the theoretical prediction that neg-
ative interest rate announcements have affected yields globally by
affecting market views about the lower bound and that the strength
of this effect depends on the proximity of the lower bound prior to
the announcements.

Quantitatively, the composite average effect of the announced
cuts is not large, but as already stressed in section 3.1, the total
predicted effect does not contain information about the net effect
of changes in the believed lower bound. It only suggests that it is
there, as it must be outweighing other effects that pull in the oppo-
site direction. Moreover, it is averaged over a set of announcements
that is likely to contain episodes where the believed lower bound
was not affected (attenuation bias). The isolated effect of changes in
the believed lower bound is likely to be substantially larger, but we
cannot assess by how much.

Overall, the baseline results lend empirical support to the pres-
ence of lower-bound belief effects on average for the series of
announcements of unexpected cuts below zero.

3.4 Robustness

We conducted a number of robustness checks for the panel approach.
First, we ran the regressions while including only those announce-
ments where new global lows were reached for policy rates: since the
Danish announcement in 2012 was expected and hence cannot cap-
ture changes in the believed lower bound, this leaves the two Swiss
announcements of December 2014 and January 2015. The results are
shown in table 4. The results for the parameter estimates of β3 are
negative and larger in size than those of the baseline specification,
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as could be expected if these announcements had stronger effects on
the believed lower bound than the other announcements included
in the sample. However, the level of significance drops considerably.
This is not surprising given the substantial reduction in observations
and hence degrees of freedom.23 In contrast, the constant term in
this regression turns positive and becomes large, perhaps reflecting
generally increasing risk premiums around those dates in non-Swiss
long-term yields. The signs of β3 are consistent with the hypothesis
that the two SNB rate cuts below zero changed the believed lower
bound abroad, however.

Second, while a negative interest rate announcement in another
country may influence average perceptions about how much further
down the domestic central bank is willing to cut rates in the future,
the influence on the believed lower bound could be smaller in coun-
tries where the policy rate was already lower than the rate in the
announcing country. Excluding all observations for countries where
the policy rate was already lower than the level reached by the rate
cut in the announcing country, however, does not change the size
and significance of the coefficients on the interaction terms.24

Third, one could worry that the direct transmission through
short rates might be stronger for low-interest-rate countries because
announcements of negative rate cuts were mostly in Europe, where
rates were generally lower than in other parts of the world. Aus-
tralia and New Zealand have the highest policy rates in our sample
of countries. Both are above 2 percent (New Zealand as high as 3.5
percent) for all observations. Poland and Hungary also have high
policy rates (close to 2 percent). These countries are included to
add observations and variation in the interest rate level. It could,
however, be that geography matters for monetary policy spillovers
and that these countries saw less of a downward movement in their
rates as a response to the rate announcements that we study simply
because they are further away. To address this concern, we ran the
regressions while excluding Australia and New Zealand and then

23In the specification including only the two SNB announcements, robust stan-
dard errors are markedly lower than conventional standard errors, indicating
the presence of small-sample bias. In table 4, we therefore report conventional
standard errors instead.

24The regression results with this exclusion are not shown here but are available
in the online appendix, table 2.
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also excluding Poland and Hungary (not shown).25 Even though
these exclusions strongly reduce the variation in the interest rate
levels, the results are largely robust.26

Finally, we measured the distance to the believed lower bound by
the level of the interest rate in our regressions, implicitly proxying
the lower bound by zero, as we do not observe this level. The level
of the lower bound is assumed to be shifting throughout the sample,
however, and omitting this variation may create omitted-variable
bias if shifts in the level of the believed lower bound are correlated
with the error terms. There is no a priori reason why such a corre-
lation should be expected. Moreover, when proxying the level of the
believed lower bound with the level of the globally lowest interest
rate, the size and significance of the coefficients on the interaction
terms remain unchanged.27

4. Conclusion

This paper studies the effects of a change in the believed location of
the lower bound on the transmission of short-term interest rates to
longer-term yields. Using a simple theoretical term structure model
originally proposed by Ruge-Murcia (2006), we show that if interest
rate cuts below zero lead market participants to adjust downward
their expectations regarding how far below negative interest rates
can go, this can further reduce long-term interest rates over and
above the impact of the policy rate cut itself.

Using an event study of yield reactions to selected negative inter-
est rate announcements in a panel of advanced economies, we find
evidence consistent with the hypothesis that long rates indeed have
tended to drop in response to downward revisions in the market’s
believed location of the lower bound.

These findings have important implications both for monetary
policy with low interest rates and for the use of negative interest
rates as a monetary policy tool. The transmission of rate cuts into

25The results are not shown here but are available in the online appendix,
tables 3 and 4.

26Only in the yield-level specification excluding all four countries does the inter-
action term lose significance. Yet, even here, β3 is negative and large, just with
large standard errors.

27Not shown, but the results are presented in the online appendix, table 5.
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negative territory is enhanced if a rate cut lowers the believed loca-
tion of the lower bound. Moreover, to the extent that central banks
have or are believed to have private information about the location
of the lower bound, communication that informs market partici-
pants about this location can have important effects on the monetary
policy stance.
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Discussion of “Lower-Bound Beliefs and
Long-Term Interest Rates”

James D. Hamilton
University of California at San Diego

1. Introduction

Grisse, Krogstrup, and Schumacher (this issue) provide one of the
first systematic evaluations of the effects of the negative interest rate
policies recently adopted across various countries. The authors have
made a welcome and useful contribution.

The authors use the Ruge-Murcia (2006) shadow-rate model as
a theoretical framework for interpreting the evidence. I would first
like to suggest a much more general way this could be done and then
offer some comments on using event studies for empirical evaluation.

2. Shadow-Rate Models of the Lower Bound

Following the authors’ notation, let rt denote the short-term nom-
inal interest rate, r̄ the effective lower bound, and r∗

t the shadow
rate. The latter is a theoretical construct that is allowed to be an
arbitrarily large negative number. The idea is that when r∗

t is below
r̄, the observed short rate will be in the vicinity of r̄:1

rt = max{r∗
t , r̄}.

The authors employ Ruge-Murcia’s (2006) description of the process
followed by the shadow rate,

r∗
t+1 = α + ψrt + εt+1, (1)

where εt+1 ∼ N(0, σ2). One problem with this specification is that
it cannot explain a persistent episode with rates at the lower bound.

1Empirical models typically also incorporate the possibility of measurement
error to allow some fluctuation of the observed rate around the constant r̄.

203



204 International Journal of Central Banking September 2017

Suppose for example that we’re currently at a zero lower bound,
with rt = r̄ = 0. Then (1) implies that Et(r∗

t+1) = α > 0 and
Et(r∗

t+n) > 0 for all n. There is no way such a process could be
consistent with interest rates that were observed to stay near zero
for years.

A more popular specification in the literature (e.g., Krippner
2013, 2015; Christensen and Rudebusch 2015; and Wu and Xia 2016)
takes the form

r∗
t+1 = α + ψr∗

t + εt+1, (2)

which implies Et(r∗
t+n) = α(1−ψn)

(1−ψ) + ψnr∗
t . If ψ is near unity and r∗

t

is far below zero, then Et(r∗
t+n) could remain negative for large n.

News (in the form of realizations of ε) may change the expected date
of “liftoff” above the lower bound r̄ because it changes Et(r∗

t+n).
To arrive at a general description of the term structure of interest

rates for such a process, it’s helpful to define a few additional terms.
Let ynt denote the continuously compounded yield on a zero-coupon
bond maturing at t+n (so that y1t is just another symbol for rt, the
one-period rate). Let fnt denote the n-period-ahead forward rate.
This is a rate we could lock in at date t by selling an n-period bond
and simultaneously buying an (n + 1)-period bond:

fnt = (n + 1)yn+1,t − nynt. (3)

Note that from this definition, an n-period interest rate can be
viewed as the average of the corresponding set of forward rates:

ynt = n−1(fn−1,t + fn−2,t + · · · + f1t + y1t). (4)

Note that (4) is true by the definition of a forward rate in (3), and
does not make any assumptions whatever about investors’ objectives
or beliefs.

To calculate the predicted behavior of interest rates under a sim-
ple model of investors’ preferences, consider first an economy that is
currently far away from the lower bound, so that next period’s short
rate should equal the shadow rate: rt+1 = r∗

t+1. We could then buy
a two-period bond at date t for price exp(−2y2t) and sell it at t + 1
for exp(−r∗

t+1) for a gross expected return of

Et[exp(2y2t) exp(−r∗
t+1)] = exp(2y2t − Etr

∗
t+1 + σ2/2),
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where the term σ2/2 is a consequence of Jensen’s inequality.2 The
expected excess return from holding a two-period bond over a one-
period bond is thus

2y2t − Etr
∗
t+1 + σ2/2 − y1t = f1t − Etr

∗
t+1 + σ2/2,

with the last equality following from (3). We could define the
expected excess return to be the term premium. Suppose that
investors’ tolerance for risk is correlated with the current shadow
rate r∗

t and that the term premium could be written as λ0σ +λ1σr∗
t

for some constants λ0 and λ1:3

f1t − Etr
∗
t+1 + σ2/2 = λ0σ + λ1σr∗

t . (5)

Note that this specification includes the expectations hypothesis
of the term structure as a special case when λ0 = λ1 = 0. The
equilibrium condition (5) can alternatively be written

f1t = α + ψr∗
t − (σ2/2) + λ0σ + λ1σr∗

t

= αQ + ψQr∗
t − (σ2/2),

where aQ = α + λ0σ and ψQ = ψ + λ1σ. In other words, investors
could be viewed as if they take expectations of future r∗

t+1 not
using the objective process (2) but instead using the Q measure
r∗
t+1 ∼ N(αQ + ψQr∗

t , σ2):

f1t = EQ
t r∗

t+1 − (σ2/2).

We can likewise calculate a risk-adjusted expectation of the shadow
rate n periods ahead:

EQ
t (r∗

t+n) =
αQ[1 − (ψQ)n]

(1 − ψQ)
+ (ψQ)nr∗

t . (6)

If we assume that investors care about risk-adjusted returns as
calculated by the Q-measure parameterization (6), then Wu and

2Since −r∗
t+1|r∗

t ∼ N(−Etr
∗
t+1, σ

2), Et exp(−r∗
t+1) = exp(−Etr

∗
t+1 + σ2/2).

3Section 2.1 in Hamilton and Wu (2014) illustrates how such a functional
dependence could arise.
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Figure 1. The Equilibrium Forward Rate
under the Shadow-Rate Model

Notes: Horizontal axis: Q-measure expectation of the shadow rate n periods in
the future (with σQ

n normalized at 1). Vertical axis: n-period-ahead forward rate.

Xia (2016) demonstrated that in equilibrium, forward rates can be
approximated as

fnt � r̄ + σQ
n g

(
EQ

t (r∗
t+n) − (1/2)(σQ

n )2 − r̄

σQ
n

)
. (7)

Here g(z) = zΦ(z)+φ(z) for Φ(z) the cumulative distribution func-
tion for a standard normal variable and φ(z) the density, and

(σQ
n )2 = EQ

t [r∗
t+n − EQ

t (r∗
t+n)]2

=
σ2[1 − (ψQ)2n]

1 − (ψQ)2
.

To understand the intuition behind (7), suppose first that g(.)
was the identity function (g(z) = z). In this case (7) would sim-
plify to fnt = EQ

t (r∗
t+n) − (1/2)(σQ

n )2, corresponding to the case
derived above when we are far from the lower bound. Figure 1 plots
equation (7) for the general case when g(z) = zΦ(z) + φ(z). When
EQ

t (r∗
t+n) is very far above the lower bound, g(z) approaches the

45-degree line, and the forward rate is essentially the same as that



Vol. 13 No. 3 Discussion: Hamilton 207

Figure 2. Effect of Changing the Lower Bound
on the Forward Rate

predicted in the absence of a lower bound. When EQ
t (r∗

t+n) is far
below the lower bound, the value for fnt is essentially the lower
bound r̄ itself. The g(.) function thus provides a smooth pasting to
generate a forward rate that is larger than r̄ for all n and asymptotes
to EQ

t (r∗
t+n) − (1/2)(σQ

n )2.
We can also see immediately from (7) the effects of a change in

the lower bound:

∂fnt

∂r̄
= 1 − g′.

Here g′ denotes the derivative of the function g(.), which analytically
turns out to be given by g′(z) = Φ(z) and is bounded between 0 and
1 for all z. Thus

∂fnt

∂r̄
= 1 − Φ

(
EQ

t (r∗
t+n) − (1/2)(σQ

n )2 − r̄

σQ
n

)
.

As EQ
t (r∗

t+n) → −∞, ∂fnt/∂r̄ → 1, whereas when EQ
t (r∗

t+n) → ∞,
∂fnt/∂r̄ → 0. The effect of changing r̄ on the forward rate is illus-
trated in figure 2. Recalling (4), a decrease in the lower bound r̄
should lower short-term yields nearly one-for-one but have a much
more modest effect on long-term yields.

I have followed Grisse, Krogstrup, and Schumacher (this issue)
up to this point in assuming that the shadow rate was described
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Table 1. Changes in German Term Structure Associated
with Changes in the ECB Lower Bound

Old New Two Five Ten
Date Rate Rate Year Year Year

June 5, 2014 0 −10 −1 −4 −1
September 4, 2014 −10 −20 −6 −6 1
December 2, 2015 −20 −30 14 18 20
March 10, 2016 −30 −40 8 10 6

Notes: Changes in yields (in basis points) of German government bonds of different
maturities (GBBD02Y, GBBD05Y, GBBD10Y) on days of changes in ECB deposit
rate cuts.

by a scalar AR(1) process. But it is straightforward to model it
as part of a vector autoregression, as in Wu and Xia (2016). This
generalization makes it possible to use the response of the entire
term structure to individual announcements to infer parameters of
the model. However, it would be necessary to augment the exer-
cise with a description of how r̄t could change over time and how
investors form expectations about future values of r̄t+n. This exercise
has recently been carried out by Wu and Xia (2017).

3. Empirical Evidence

Table 1 provides some tentative evidence extending the authors’
analysis of changes in the European Central Bank’s deposit rate
into negative territory. Of these four episodes, only the drop in Sep-
tember 2014 looks much like the predicted theory which says that
short rates should fall by less than the drop in the policy rate and
long rates should fall less than short rates. For the last two episodes,
yields on German government bonds actually rose on the days when
the ECB cut the deposit rate. Here is the explanation from the Wall
Street Journal for what happened on March 10, 2016:

The ECB cut its deposit rate by 0.1 percentage point to minus
0.4% on Thursday, in line with investor expectations. But Mr.
Draghi said the ECB had no imminent plans to cut rates
further.
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Figure 3. Interest Rates in September 2014
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Note: Yield on five-year German bond (in percentage points) after ECB cut
policy rate from –0.1 percent to –0.2 percent on September 4, 2014.

That pushed up short-dated yields, which are particularly
sensitive to interest rate moves. Two-year German bond yields,
which are particularly sensitive to rate moves, rose sharply to
−0.467 percent from −0.553 percent before the announcement.

Just as documented for normal times by Gürkaynak, Sack, and
Swanson (2005), the news released to markets by a central bank
announcement is more than a one-dimensional object. The market
learns not just about the current level of the policy rate but also
about its likely future trajectory. This highlights the need for an
exercise as in Wu and Xia (2017), in which the shadow rate is part
of a vector process and investors form expectations about possible
future cuts in the lower bound.

It’s also interesting to look in more detail at September 2014, the
one episode among these four that seemed most consistent with the
theory. As seen in figure 3, the drop in the five-year yield here proved
to be temporary, and after a week the yield reached a higher level
than it had been before the cut. One possible interpretation is that
the cut in the deposit rate lowered the yield by 6 basis points, but
subsequent shocks from other sources raised it back again. This is
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Figure 4. Federal Reserve’s Balance Sheet across
Episodes of Quantitative Easing
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Notes: Federal Reserve holdings of Treasury, agency, and mortgage-backed secu-
rities, in billions of dollars, weekly, January 7, 2009 to December 23, 2015.
Excludes inflation compensation and unamortized premiums or discounts. Shaded
episodes denote March 18, 2009 to March 24, 2010; November 3, 2010 to June 2,
2011; and November 7, 2012 to April 30, 2014.

the implicit interpretation in the many hundreds of papers that have
used event-study methodology to evaluate the effects of monetary
shocks.

But all of this assumes that the market somehow knows within
one day (or within fifteen minutes, for higher-frequency event stud-
ies) what the effect will be of a policy instrument that has never been
used before. That’s not necessarily always going to be the case. We
saw a dramatic illustration on November 8, 2016, the day of the U.S.
presidential elections. As election returns that night came in with the
surprising news that Donald Trump would win the election, there
was an immediate dramatic selloff in stock futures, giving an event-
study estimate that the election outcome shaved 5 percent off the
market value of capital. But the next morning this was all made up
and then some. Should the reversal be interpreted as a new shock or
as the result of the market continuing to absorb what the election
outcome really meant? My view is that nobody knew Tuesday night,
or Wednesday morning, and indeed may not know for years, the true
implications of a Trump presidency.
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Figure 5. Ten-Year Treasury Yields across Episodes
of Quantitative Easing
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Note: Yields on ten-year U.S. Treasury securities, weekly, January 7, 2009 to
December 23, 2005.

This of course is an issue not just with the present paper, but with
any studies relying on the event-study methodology. Consider for
example the consequences of the three episodes of large-scale asset
purchases conducted by the United States, popularly referred to as
QE1, QE2, and QE3. These involved major additions to the Fed-
eral Reserve’s balance sheet, as seen in figure 4. Several announce-
ments were associated with significant drops in the ten-year yield on
the day of the announcement, the most dramatic being a 50 basis
point decline on March 18, 2009 when the first phase of QE1 was
announced. Nevertheless, within a month the yield was back up to
the level it had been before the announcement, and at the end of
QE1 it stood nearly 100 basis points higher than its value before the
program was announced (see figure 5). The event-studies conclusion
of Krishnamurthy and Vissing-Jorgensen (2011) that QE1 lowered
rates by over 100 basis points is thus implicitly assuming that there
were other shocks that in the absence of the program would have
raised rates by 200 basis points. Interest rates declined after QE1
ended, started to rise again under QE2, fell after the latter ended,
rose under QE3, and fell after tapering of QE3 began, all exactly
opposite the conclusions drawn from event studies.
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None of this is to question the conventional wisdom that pro-
grams like large-scale asset purchases have the potential to lower
interest rates in the presence of the zero lower bound, nor Grisse,
Krogstrup, and Schumacher’s conclusion that negative interest rates
are an additional policy tool that could prove effective. Event stud-
ies are one of the best ways we have of trying to estimate the effects
of these policies, and the current paper makes a useful contribution
to the literature. But we should likewise not forget the limitations
of this kind of empirical evidence.
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I propose a dynamic stochastic general equilibrium model
in which the leverage of borrowers as well as banks and hous-
ing finance play a crucial role in the model dynamics. The
model is used to evaluate the relative effectiveness of a policy
to inject capital into banks versus a policy to relieve house-
holds of mortgage debt. In normal times, when the economy
is near the steady state and policy rates are set according to a
Taylor-type rule, capital injections to banks are more effective
in stimulating the economy in the long run. However, in the
middle of a housing debt crisis, when households are highly
leveraged, the short-run output effects of the debt relief are
more substantial. When the zero lower bound (ZLB) is addi-
tionally considered, the debt relief policy can be much more
powerful in boosting the economy both in the short run and
in the long run. Moreover, the output effects of the debt relief
become increasingly larger, the longer the ZLB is binding.
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1. Introduction

The Great Recession, which was the largest and longest economic
downturn in the postwar era of the United States, was triggered and
intensified by the housing debt crisis known as the subprime mort-
gage crisis.1 House prices adjusted by the GDP deflator reached a
peak in the first quarter of 2006. At the same time, mortgage delin-
quency rates started to rise from a historically low level. House prices
plummeted from the second quarter of 2007 onwards. Losses for
financial institutions materialized and credit spreads began to rise.2
Alongside these financial developments, private consumption slowed
down and became very weak from the fourth quarter of 2007, the
official beginning of the Great Recession. Non-residential investment
started to decline from the next quarter. Finally, after the collapse of
Lehman Brothers in September 2008, real GDP in the fourth quarter
of 2008 fell drastically by 8.2 percent in annual terms.

It may not be surprising that a collapse in house prices can put
the economy into a severe recession through the interaction between
the real and financial sector. Housing finance has played a promi-
nent role in advanced economies. According to recent empirical work
by Jordà, Schularick, and Taylor (2014), bank loans backed by real
estate consisted of roughly 60 percent of total bank lending in 2010,
compared with around 30 percent in the 1950s.3 They find that a
rapid increase of home mortgages has mainly contributed to this sub-
stantial change in the lending business of banking. In addition, most
of the banking crises in advanced economies were associated with
boom-bust cycles in house prices. Reinhart and Rogoff (2009) show
that five major banking crises during the second half of the twentieth
century shared a common pattern:4 a surge of house prices in the

1According to the NBER’s Business Cycle Dating Committee, the Great
Recession started at 2007:Q4 and ended at 2009:Q2. During the period, real
GDP fell by 4.2 percent.

2In 2007:Q2, New Century Financial Corporation, a leading subprime mort-
gage lender in the United States, filed for bankruptcy. Concurrently, the charge-off
rate on home mortgages for all U.S. commercial banks started to rise rapidly.

3Jordà, Schularick, and Taylor (2014) construct a long-run data set on a wide
range of private credit that includes credit to households and credit to firms by
commercial banks as well as by other financial institutions such as saving banks,
credit unions, and building societies.

4Spain (1977), Norway (1987), Finland (1991), Sweden (1991), and Japan
(1992).
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run-up to a crisis is followed by a sharp decline in the crisis year and
in subsequent years together with a prolonged deep recession.

As one of the policy measures to mitigate the severity of the hous-
ing debt crisis and ensuing deep economic downturn, the U.S. gov-
ernment promptly used about $500 billion, 3.4 percent of 2008 GDP,
to support the U.S. financial sector. The government injected capital
worth $245 billion into the U.S. banking sector through the Troubled
Asset Relief Program (TARP).5 It rescued American International
Group (AIG), one of the world’s major insurance companies, with
$67.8 billion of the TARP funds through Treasury purchase of AIG
preferred equity, aside from Federal Reserve loans to AIG of max-
imum $116.8 billion.6 In addition to financial rescues through the
TARP, the housing government-sponsored enterprises, Fannie Mae
and Freddie Mac, were nationalized one week before the Lehman
Brothers’ collapse. The U.S. government committed to putting up
to $200 billion into each company and actually injected $187.5 billion
capital into the two companies to cover their losses.

For households, the U.S. government pledged only $37.5 billion
to refinance home mortgages of those who were in a negative equity
position due to the sharp decline in house prices. This amount was
tiny compared with the funds to support the financial sector. On
top of that, less than one-half of the pledged funds, $18 billion, have
been actually spent. Table 1 reports this stark contrast between the
two types of post-crisis government interventions.

Many prominent economists, such as Geanakoplos (2010),
Stiglitz (2010), Shiller (2012), and Mian and Sufi (2014), criticize
the approach biased toward the rescue of financial institutions and
argue that more grants for household debt reduction would have pro-
vided a significant boost to the economy lacking aggregate demand.
Mian and Sufi (2014) claim that the biggest policy mistake of the
Great Recession was not to push for mortgage write-downs more

5The Emergency Economic Stabilization Act authorized the U.S. Treasury
to purchase “troubled assets” worth $700 billion in October 2008. Part of the
TARP funds, $245 billion, were used to increase banks’ capital. Most banks
received funds through the Capital Purchase Program, while Bank of America and
Citigroup additionally received $20 billion each under the Targeted Investment
Program.

6The Treasury purchased AIG preferred stock twice: the first purchase was
$40 billion in November 2008 and the second was $27.8 billion in January 2009.



216 International Journal of Central Banking September 2017

Table 1. Comparison of Financial-Sector Support
Programs and Household Support Programs

during the Great Recession

Amounts % of
($Billions) 2008 GDP

Financial-Sector Support Programs 500.2 3.4%
TARP: Capital Purchase Program, etc. 244.9 1.66%
TARP: AIG 67.8 0.46%
Fannie Mae and Freddie Mac 187.5 1.28%

TARP: Mortgage Refinance Programs 18.0 0.12%

Source: Monthly TARP Update for October 1, 2015 and the Bailout Scorecard
(projects.propublica.org/bailout).

Note: Mortgage refinance programs include the Making Home Affordable Program
($12.2 billion), the HFA Hardest Hit Fund ($5.7 billion), and the FHA Short Refi-
nance ($0.02 billion).

aggressively. In contrast, leading policymakers at that time, such
as Geithner (2014), Summers (2014), and Bernanke (2015), defend
the decisions to give priority to financial rescues and emphasize the
importance of the credit channel working through financial institu-
tions, though they also admit that more active policies regarding
household debt and foreclosure could have been beneficial.

In this paper, I propose a dynamic stochastic general equilib-
rium (DSGE) model in which the leverage of borrowers as well as
banks and housing finance play a crucial role in model dynamics.
The model is then used to evaluate the relative effectiveness of a
policy to inject capital into the financial sector versus a policy to
relieve households of mortgage debt.

The model combines several macrofinancial linkages identified in
the literature.7 It includes two types of households, entrepreneurs
and banks. Heterogeneity in the household sector is introduced à
la Iacoviello (2005): one household type is more patient than the

7Wieland et al. (2016) classify the recent development of macrofinancial DSGE
models into three categories: financial accelerator models for corporate invest-
ment financing, models with housing finance, and models with an explicit role
of banks. I combine three different modeling approaches emphasizing a role of
housing finance.
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other. In equilibrium, patient households become savers and ulti-
mately supply funds to the economy, while impatient households
are borrowers. The impatient households and entrepreneurs borrow
funds from banks using real estate as collateral. My model deviates
from the standard housing finance models in which borrowing is
restricted to a certain fraction of collateral and there is no default. I
introduce an agency problem between borrowers and banks by using
the costly state verification (CSV) setup of Gale and Hellwig (1985).
It implies that the model allows for default in equilibrium. Unlike
Bernanke, Gertler, and Gilchrist (1999), I assume that the contrac-
tual interest rates are predetermined rather than state contingent.
Accordingly, banks make zero expected profits in the perfectly com-
petitive retail loan market, but ex post profits mostly differ from
zero. In my model, banks face a leverage constraint making the
deviation of the leverage ratio from its target costly as in Gerali
et al. (2010). With this leverage constraint, realized profits or losses
can affect credit supply. The financial frictions described above are
embedded into an otherwise standard New Keynesian model with
price and nominal wages rigidities.

The relationship between interest rate spreads and the related
leverage ratios can describe key macrofinancial linkages in the model.
The risky debt contracts imply that the interest rate spread of
each contractual loan rate over the wholesale loan rate, the rate
that serves as a benchmark in the retail lending business, positively
depends on the leverage of each borrower. Similarly, the bank’s opti-
mal decision shows that the interest rate spread of the wholesale loan
rate over the deposit rate positively varies with the bank’s leverage
position. For example, when the leverage of impatient households
decreases for some reason, the lending rate spread of home mort-
gages also narrows, reflecting a decline in default. Faced with lower
funding costs, borrower households increase consumption. Mean-
while, realized bank profits due to lower default costs help expanding
credit availability. All other things being equal, it further boosts the
expenditure of credit-constrained agents, impatient households, and
entrepreneurs.

Having in mind that most of the funds to support the financial
sector presented in table 1 were injected or committed in one or two
quarters after the announcement, I model each policy as a one-time
transfer from credit-unconstrained (patient) households to either
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banks or credit-constrained (impatient) households in policy exper-
iments. The capital injection to banks increases the current period’s
net worth of banks, while the debt relief to credit-constrained house-
holds reduces the outstanding home mortgages. The main findings
from the policy experiments are the following

When the economy is near the steady state and policy rates are
set according to a Taylor-type rule, the capital injection to banks
is more effective in stimulating the economy over the long run.
Even though the debt relief to credit-constrained households has a
stronger effect on output for the first year, the capital injection policy
dominates from the second year onward. The capital injections lead
investment to increase, which in turn expands production capacity
and results in lower inflation. On the contrary, the debt relief is infla-
tionary and calls for an increase of the policy rate, which reduces
investment and the consumption of credit-unconstrained households.
In the middle of the housing debt crisis, however, a debt relief policy
can be more effective. This is because in such a highly leveraged sit-
uation, this policy can reduce the default risk posed by high leverage
to a greater extent, thereby resulting in a lower lending rate spread
of home mortgages, smaller wasteful foreclosure costs, and a greater
short-run stimulus for consumption.

When in addition the zero lower bound (ZLB) constraint is con-
sidered, both policies give rise to larger effects on output and help
the economy to escape from a liquidity trap earlier than it would
without any policy.8 More interestingly, the effects of the debt relief
policy are magnified. The policy-induced inflation under the ZLB
constraint leads to a lower real interest rate. The decrease in the
real rate boosts investment as well as consumption, or at least signif-
icantly weakens crowding-out effects. Therefore, in this environment
the debt relief can be much more effective in stimulating the economy
both in the short run and in the long run. Moreover, the effects of the
debt relief policy on output become increasingly larger as the number
of periods that the policy rate is constrained at zero increases.

My model builds on a large literature incorporating financial
frictions into a DSGE model, including the prominent groundwork
such as Carlstrom and Fuerst (1997), Kiyotaki and Moore (1997),

8A liquidity trap is usually defined as the situation in which policy rates cannot
fall below zero given that hoarding cash offers an alternative to holding deposit.



Vol. 13 No. 3 Capital Injection to Banks vs. Debt Relief to HHs 219

and Bernanke, Gertler, and Gilchrist (1999). This earlier work and
most of the subsequent research focus on an agency problem between
financial intermediaries and their borrowers. These kinds of finan-
cial frictions imply that the balance sheets of borrowers become
a key factor to explain macrofinancial linkages by affecting credit
demand. Recently, in particular after the recent global financial
crisis, there has been a growing literature focusing on the agency
problem between financial intermediaries and their creditors (e.g.,
Gertler and Karadi 2011, Christiano and Ikeda 2013, and Kiley and
Sim 2014). In those approaches, the balance sheets of financial insti-
tutions play an important role in real economy by shifting credit
supply. This paper contributes to another growing literature that
considers financial frictions in both credit demand and credit sup-
ply at the same time and puts an emphasis on their interactions. It
includes Gerali et al. (2010), Benes and Kumhof (2011), Clerc et al.
(2015), and Iacoviello (2015).

This paper is also related to recent work analyzing the macro-
economic effects of housing prices during the Great Recession. Liu,
Wang, and Zha (2013) and Guerrieri and Iacoviello (2015a) find that
a collapse in housing prices can explain most of the sharp decline
in aggregate demand, while Justiniano, Primiceri, and Tambalotti
(2015) argue that such fall in housing prices was not enough to put
the economy into a deep recession. As for the modeling of home
mortgage default, I follow recent approaches that model default as a
put option and impose no direct foreclosure costs on borrower house-
holds (for instance, Forlati and Lambertini 2011, Jeske, Krueger, and
Mitman 2013, Landvoigt 2014, and Quint and Rabanal 2014).

Regarding policy experiments, a number of papers analyze the
macroeconomic consequences of injecting more capital into banks
using a DSGE model with a leverage constraint for banks (see
Hirakata, Sudo, and Ueda 2013, Kollmann et al. 2013, Kiley and
Sim 2014, van der Kwaak and van Wijnbergen 2014, Guerrieri et
al. 2015, etc.) Most of them find that the capital injection policy
has positive effects on output since it increases credit supply to
the productive but credit-constrained sector. In contrast, only a few
investigate the macroeconomic effects of reducing household debt.
Guerrieri and Iacoviello (2015a) analyze the effects of a lump-sum
transfer from credit-unconstrained households to credit-constrained
households using a DSGE model with the presence of an occasionally
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binding constraint, and find that such a transfer can have sizable
effects on output when the borrowing constraint binds. Mian and
Sufi (2014) estimate the macroeconomic effects of the introduction
of shared-responsibility mortgages, which in essence feature an auto-
matic principal reduction when housing prices decline below the
purchasing level.9 They put into perspective several empirical stud-
ies such as Mian, Rao, and Sufi (2013), Nakamura and Steinsson
(2014), and Mian, Sufi, and Trebbi (2015). They argue that the
output effects of new mortgage contracts would be large enough to
substantially reduce the severity of the recession. Dogra (2014) uses
a simple model in which the economy hits the ZLB by household
deleveraging and analyzes the effects of debt relief modeled as a
targeted transfer. He finds that debt relief stimulates the economy,
but the anticipation of debt relief leads to overborrowing. He shows,
nevertheless, that optimal policy is still involved in the use of debt
relief up to a certain level.

My contributions to the literature are, first, to design a rigorous
policy experiment to reduce households’ debt in a structural macro
model and to compare the relative effectiveness of this policy and
the policy to increase banking capital. Second, as an additional nov-
elty, this paper evaluates those policies considering the zero lower
bound, following a new literature to assess fiscal stimulus with the
assumption of monetary accommodation (see Cogan et al. 2010,
Coenen et al. 2012, and Eggertsson and Krugman 2012). Lastly but
not least, the model proposed in this paper applies the financial
accelerator mechanism to business loan contracts collateralized by
commercial real estate. With this modeling device the model implies
that a decline in housing prices leads to a decrease in non-residential
investment as well as a rise in default on business loans, which is con-
sistent with the empirical evidence. If a standard modeling setup for
housing as in Iacoviello and Neri (2010) is simply combined with a
standard risky debt contract for corporate financing as in Bernanke,
Gertler, and Gilchrist (1999), then the model implies that a fall in
housing prices accompanies a business investment boom.

9Shared-responsibility mortgages have two important features that are dis-
tinct from the existing ones: the bank offers the protection to borrowers when
house prices decline below the purchasing price, while the bank obtains 5 percent
capital gains when house prices increase over the purchasing level.
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The remainder of this paper is organized as follows. Section 2
describes the model economy and defines the competitive equilib-
rium. Section 3 explains the calibration strategy and its results.
Section 4 analyzes the results from a series of simulations, and
section 5 concludes.

2. The Model Economy

Time is discrete and quarterly. The economy is populated by a con-
tinuum of two types of infinitely lived households. Each household
has unit mass. They differ in their discount factors. One type is
more patient than the other. A household obtains utility from con-
sumption and housing services and disutility from labor. Within the
household, perfect risk sharing is provided to its members. The nom-
inal wages are set by each type’s monopolistic labor union. Each of
the patient households has a large number of entrepreneurs, and
owns banks, intermediate goods producing firms, retail firms, and
capital goods producing firms.

Banks channel funds from patient households (and the banks’
own net worth) to impatient households and entrepreneurs. Each
bank consists of a wholesale branch and two retail branches. One
retail branch deals with home mortgages, while the other handles
business loans. The wholesale branch issues wholesale loans to the
two retail branches subject to a leverage constraint such that it pays
a pecuniary cost for the deviation of the bank net-worth-to-asset
ratio from its target. When it comes to the retail lending business,
an agency problem arises because the return to the underlying assets
posted as collateral is subject to idiosyncratic risk and the realiza-
tion of an individual shock can only be observed by the bank after
paying some cost. Consequently, each retail branch makes an ex
ante risky debt contract with its borrowers. Bank profits or losses
are accumulated into its net worth after a fraction of the net worth
is transferred to patient households.

Entrepreneurs combine loans with their net worth to purchase
raw non-residential capital and new residential capital. Then they
provide the composite capital services to intermediate goods pro-
ducing firms that use them with two types of labor to produce inter-
mediate goods. Retail firms operate under monopolistic competition
and are subject to implicit costs to adjust nominal prices following
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Figure 1. Model Structure

Calvo-style contracts. The constant-elasticity-of-substitution (CES)
aggregates of these goods are converted into homogenous final goods.
Capital goods producing firms purchase previously installed depre-
ciated capital from entrepreneurs and investment goods from final
good producing firms, and produce new installed capital subject to
investment adjustment costs.

Aggregate housing supply is assumed to be fixed.10 The central
bank sets the nominal risk-free interest rate according to a Taylor-
type rule. The government can collect lump-sum taxes from patient
households and give them out to other agents. The structure of the
model is depicted in figure 1. In the following, I describe the decision
problems of each agent and define the competitive equilibrium of the
model economy.

10Basically, I exclude residential investment and its spillover effects on the
broad economy from the analysis.
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2.1 Households

The household sector is composed of two types of households. The
discount factor of patient households is higher than that of impa-
tient households (βP > βI). Each household (s ∈ {P, I}) maximizes
the expected discounted sum of per-period utility:

V s
H = E0

∞∑

t=0

(βs)t

{
Γs log(Cs

t − εCs
t−1) + χs

t log Hs
t − ψl

(Ls
t )

1+ϕ

1 + ϕ

}
.

(1)

Cs
t denotes consumption, Hs

t refers to the housing stock owned by
each household, and Ls

t denotes labor supplied. I assume habit for-
mation in consumption. As in Iacoviello (2005), utility from housing
services is proportionate to the housing stock, and utility is separable
in consumption and housing. Γs is used for normalization such that
the marginal utilities of consumption at the non-stochastic steady
state are the inverse of consumption: Γs = 1−ε

1−βsε . I allow for the
possibility that each type of household values one unit of housing
services differently. Housing preferences are subject to shocks. A
decrease in χs

t moves preferences away from housing and towards
consumption and leisure, so that housing demand decreases and, in
the end, housing prices fall.11 The shock process for each type is
given by

log(χs
t ) = (1 − ρχ) log(χs) + ρχ log(χs

t−1) + εχ,t s ∈ {P, I}. (2)

In equilibrium, patient households are savers and impatient house-
holds are borrowers. For simplicity, I describe each type’s decision
problem, taking these equilibrium outcomes into account.

2.1.1 Patient Households

The budget constraint of patient households in real terms is

CP
t + Qh,t(HP

t − HP
t−1) + Dt =

wP
t LP

t

xP
w,t

+ Rt−1Dt−1 + ΥP
t . (3)

11For this reason, the shock on housing preferences is also called a housing
demand shock.
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Qh,t stands for housing prices, Dt is a one-period deposit at period
t, Rt−1 is the real gross interest rate on the last period’s deposit
Dt−1, wP

t is the real wage rate for patient workers, and xP
w,t is the

wage markup between the wage paid by intermediate goods pro-
ducing firms and the wage paid to households, which accrues to
the respective labor union. ΥP

t stands for profits and net trans-
fers. It includes profits from intermediate goods producers and the
labor union, net transfers from banks and entrepreneurs, and lump-
sum taxes to government. Patient households earn labor and non-
labor income and spend it to consume, to purchase housing, and to
save. They maximize their lifetime utility, equation (1), by choosing
{CP

t , HP
t , Dt, L

P
t } given the budget constraint, equation (3).

2.1.2 Impatient Households

The budget constraint of impatient households in real terms is
given by

CI
t + Qh,tH

I
t + aczh,t − ZI

t

=
wI

t LI
t

xI
w,t

+
∫ ∞

0
max{ωtQh,tH

I
t−1 − RL

t−1Z
I
t−1, 0}dF (ωt) + ΥI

t .

(4)

ZI
t denotes a one-period mortgage loan at period t, and RL

t−1 is
the real gross lending interest rate on last period’s loan ZI

t−1. wI
t

is the real wage rate for impatient workers, and xI
w,t is the wage

markup that the labor union of impatient workers charges. ΥI
t is

profits from the labor union and net lump-sum transfer from gov-
ernment. The term aczh,t refers to mortgage adjustment costs, and

its functional form is quadratic: aczh,t = κzh

2
(ZI

t −ZI
t−1)

2

ZI . This reflects
the fact that home mortgages are, in reality, highly long term and
involve many pecuniary and institutional impediments to quick loan
adjustments.

I introduce the default risk in housing markets. The value of
an individual house is subject to a unit-mean idiosyncratic shock
ωt, which is drawn from the log-normal distribution: log(ωt) ∼
N (−σ2

ω

2 , σ2
ω). The bank is assumed to offer non-recourse home mort-

gage loans to the individual members of a household, who use their
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individual housing as collateral. I further assume that there is no
direct cost for households who default. Default, namely, is modeled
as a put option. Each member indexed by j decides whether or not
to default based on the realization of an individual shock, with the
aim to maximize the individual net worth.

max{ωtQh,tH
I
t−1(j) − RL

t−1Z
I
t−1(j)︸ ︷︷ ︸

No default

, 0︸︷︷︸
Default

}

The optimal decision rule puts the default threshold ω̄t at

ω̄t =
RL

t−1Z
I
t−1(j)

Qh,tHI
t−1(j)

=
RL

t−1Z
I
t−1

Qh,tHI
t−1

=
mt−1

Δh,t
. (5)

The individual members will default on mortgages if mortgage repay-
ment obligations are greater than their housing values. As each mem-
ber’s holdings of mortgages are proportional to that of housing, the
index j can be dropped. ω̄t can be expressed in terms of the loan-
to-value ratio of the previous period, mt−1 = RL

t−1ZI
t−1

Qh,t−1HI
t−1

, and the ex

post average return on housing, Δh,t = Qh,t

Qh,t−1
. The default threshold

ω̄t increases in the household’s leverage and decreases in the real-
ized return on housing. Using the default threshold ω̄t, the budget
constraint can be rewritten as

CI
t + Qh,tH

I
t + aczh,t − ZI

t ≤ wI
t LI

t

xI
w,t

+ [1 − Γ(ω̄t)]Qh,tH
I
t−1 + ΥI

t ,

(6)

where Γ(ω̄t) is the share of the housing value going to the bank.12

Due to an agency problem, the bank retail branch of home mort-
gages incurs a cost proportional to the value of foreclosed houses
when it forecloses on mortgages. Accordingly, such a risky debt con-
tract must satisfy the following ex ante participation constraint of
the bank:

Et{(Γ(ω̄t+1) − μBG(ω̄t+1))Qh,t+1H
I
t } ≥ Rr

t Z
I
t . (7)

12F (ω̄t) =
∫ ω̄t

0 dF (ωj
t ; σω) is the foreclosure rate; G(ω̄t) =

∫ ω̄t

0 ωj
t dF (ωj

t ; σω)
denotes a fraction of the foreclosed houses of impatient households; Γ(ω̄t) are
expressed by [1 − F (ω̄t)]ω̄t + G(ω̄t).
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μB is a foreclosure cost parameter, and Rr
t is the wholesale real lend-

ing interest rate that serves as a benchmark rate in retail lending.13

This constraint states that the expected gain of the bank’s contribu-
tion to housing investment net of foreclosure cost is at least as high
as its funding cost. Finally, impatient households maximize their
lifetime utility, equation (1), with respect to {CI

t , HI
t , ZI

t , mt, L
I
t }

subject to the budget constraint, equation (6), and the bank’s par-
ticipation constraint, equation (7).

It is worth noting that the participation constraint of the bank
holds with equality. It means that the retail branch would make
unexpected profits or losses in equilibrium depending on the realiza-
tion of certain aggregate shocks. Such unexpected profits, εhb,t, are a
function of endogenous variables, including the default threshold ω̄t.

εhb,t = (Γ(ω̄t) − μBG(ω̄t))Qh,tH
I
t−1 − Rr

t−1Z
I
t−1 (8)

In addition, the binding participation constraint of the bank implies
that the interest rate spread of the contractual lending rate on
mortgages RL

t over the wholesale lending rate Rr
t is a function of

the default threshold ω̄t+1 in expectation.14 As the right-hand side
of equation (9) is an increasing function of ω̄t+1, the interest rate
spread rises when the leverage of borrowers increases.15

RL
t

Rr
t

= Et

{
ω̄t+1

Γ(ω̄t+1) − μBG(ω̄t+1)

}
(9)

2.1.3 Nominal Wage Decisions

Nominal wage stickiness is introduced in a way analogous to nom-
inal price stickiness as in Smets and Wouters (2007) and Iacoviello
and Neri (2010). Each type of household supplies its homogenous
labor services to the labor union that serves the interest of each

13Alternately, the wholesale lending rate can be thought of as the rate which
banks would charge to notional zero-risk borrowers (see Benes and Kumhof 2011).

14Plugging equation (5) into equation (7) holding with the equality, we obtain
equation (9).

15Suppose that Ω(x) = x
Γ(x)−μBG(x) . Then Ω′(x) = (1−μB)G(x)+x2f(x)

(Γ(x)−μBG(x)6)2 > 0 for
all x > 0. Here, f(x) is a density function of the log-normal distribution.
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type.16 Each union differentiates labor services, sets nominal wages
subject to Calvo-style adjustment frictions, and offers labor services
to the respective labor packer. Each representative and competi-
tive labor packer aggregates the differentiated labor services into
the homogeneous labor services, which are hired by intermediate
goods producing firms. The optimal wage rates set by each labor
union together with the evolution formula for real wages imply the
following wage Phillips curves:

log
(

ΠwP ,t

Π

)
= βP Et log

(
ΠwP ,t+1

Π

)
− κP

w log

(
xP

w,t

xP
w

)
(10)

log
(

ΠwI ,t

Π

)
= βIEt log

(
ΠwI ,t+1

Π

)
− κI

w log

(
xI

w,t

xI
w

)
, (11)

where ΠwP ,t = wP
t Πt/wP

t−1 and ΠwI ,t = wI
t Πt/wI

t−1 refer to
wage inflation for patient and impatient households, respectively.
κP

w = (1−θwP )(1−βP θwP )/θwP and κI
w = (1−θwI )(1−βIθwI )/θwI

define the slope of each wage equation. Π denotes the non-stochastic
steady states of inflation. xP

w and xI
w are the wage markup of the

patient and impatient households, each.

2.2 Entrepreneurs

Entrepreneurs are modeled in the same way as in Bernanke, Gertler,
and Gilchrist (1999) and Christiano, Motto, and Rostagno (2014)
with two exceptions. First, the contractual interest rates are pre-
determined rather than being state contingent. Second, entrepre-
neurs deal with two types of capital—residential capital and non-
residential capital.17 Each patient household has a large number of
entrepreneurs indexed by j, whose state is summarized by their net
worth, NE

t (j). Each entrepreneur j obtains a loan ZE
t (j) from the

bank’s retail branch for business loans and combines it with his net

16The essence of wage staggering is to give workers bargaining power to decide
wages for a certain period. Equivalently, we can assume that each monopolistic
competitive household supplies differentiated labor services to the labor packer
and sets nominal wages in a Calvo-style staggering contract.

17In this paper, residential capital is used interchangeably with commercial real
estate.
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worth NE
t (j) to purchase raw non-residential capital Kt(j) at a price

of Qk,t and new residential capital HE
t (j) − HE

t−1(j) at a price of
Qh,t. The balance sheet of each entrepreneur at the end of time t is
given by

Qk,tKt(j) + Qh,tH
E
t (j) = ZE

t (j) + NE
t (j). (12)

At period t + 1, entrepreneurs provide composite capital ser-
vices, K̃t = HE

t (j)νkKt(j)
1−νk , to intermediate goods produc-

ers. The return to the composite capital, ωe,t+1(Rk
t+1Qk,tKt(j) +

Rh
t+1Qh,tH

E
t (j)), is assumed to be sensitive to both idiosyncratic

and aggregate shocks. An idiosyncratic shock ωe,t is modeled to
follow a log-normal distribution: log ωe,t ∼ N(−σ2

eω

2 , σ2
eω), with

Etωe,t = 1. The rates of return to non-residential and residential
capital are given by

Rk
t+1 =

rk,t+1 + (1 − δk)Qk,t+1

Qk,t
, (13)

Rh
t+1 =

rh,t+1 + Qh,t+1

Qh,t
. (14)

rk,t+1 and rh,t+1 are competitive market rental rates for non-
residential and residential capital, respectively. Non-residential cap-
ital depreciates at a quarterly rate of δk. As can be seen in equations
(13) and (14), an aggregate shock can affect the return to composite
capital via either the rental rates or capital prices or both. Note that
Rk

t+1 and Rk
t+1 are equal across entrepreneurs indexed by j. Similarly

to the default threshold of impatient households, equation (5), the
decision rule for the entrepreneurs’ default threshold is expressed by

ω̄e,t+1 =
RE

t ZE
t (j)

Rk
t+1Qk,tKt(j) + Rh

t+1Qh,tHE
t (j)

. (15)

RE
t denotes the real gross lending rate on the business loan ZE

t .
It is worth noting that ω̄e,t+1 is independent of the entrepreneur’s
net worth and thus her net worth only matters for the size of a
certain project. In what follows, I drop the index, j, for notational
conveniences. If the realized idiosyncratic shock is below the default
threshold, ωe,t+1 < ω̄e,t+1, then entrepreneurs default and hand over
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all remaining resources to the bank. Meanwhile, the business loan
branch has to pay an auditing cost μE proportional to the assets
of the bankrupt entrepreneurs due to asymmetric information. If
ωe,t+1 ≥ ω̄e,t+1, entrepreneurs repay debt RE

t ZE
t while keeping the

surplus return to investment. Therefore, the contractual terms of
such a risky debt must satisfy the following ex ante participation
constraint of the bank:

Et

{
(1 − F (ω̄e,t+1))RE

t ZE
t + (1 − μE)

∫ ω̄e,t+1

0
ωe,t(Rk

t+1Qk,tKt

+ Rh
t+1Qh,tH

E
t )f(ωe,t)dωe,t

}
≥ Rr

t Z
E
t . (16)

Here, F (ω̄e,t+1) is the default rate for business loans.18 Finally, each
entrepreneur maximizes his share of the expected gross return of
capital investment in period t + 1, Et{(1 − Γ(ω̄e,t+1)(Rk

t+1Qk,tKt +
Rh

t+1Qh,tH
E
t )}, subject to equations (12) and (16). I define two vari-

ables for entrepreneurial leverage: φk
t = Qk,tKt

NE
t

, φh
t = Qh,tH

E
t

NE
t

. Both
leverage ratios increase when the entrepreneur’s net worth decreases.
Each leverage variable also increases when the respective asset prices
decline. After some algebra, the entrepreneur’s maximization prob-
lem can be reformulated as

max
φk

t ,φh
t ,ω̄e,t+1

Et{(1 − Γ(ω̄e,t+1))(Rk
t+1φ

k
t + Rh

t+1φ
h
t )}NE

t (17)

subject to

Et{[Γ(ω̄e,t+1) −μEG(ω̄e,t+1)](Rk
t+1φ

k
t +Rh

t+1φ
h
t )} =Rr

t (φ
k
t +φh

t − 1).

The default threshold can be rewritten in terms of leverage vari-
ables: ω̄e,t+1 = RE

t (φk
t +φh

t −1)
Rk

t+1φk
t +Rh

t+1φh
t
. As the first-order conditions imply

that Et
Rk

t+1
Rr

t
= Et

Rh
t+1
Rr

t
, we find that the expectation of ω̄e,t+1

18In addition, Γ(ω̄e,t+1) denotes a fraction of gross return of capital investment
going to the banks, and G(ω̄e,t+1) refers to a fraction of the defaulted value of
composite capital. The mathematical expressions are the same as in footnote 12.
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increases with total leverage of entrepreneurs, φk
t + φh

t .19 The retail
branch for business loans would make unexpected profits in equilib-
rium according to the realization of a certain aggregate shock. Such
profit surprises, εeb,t, are expressed by

εeb,t = (Γ(ω̄e,t) − μEG(ω̄e,t))(Rk
t Qk,t−1Kt−1 + Rh

t Qh,t−1H
E
t−1)

− Rr
t−1Z

E
t−1. (18)

Also, reformulations of the participation constraint of banks using
the default threshold ω̄e,t+1 show that the lending rate spread of
business loans is a function of the default threshold ω̄e,t+1 in expecta-
tion. As the right-hand side of equation (19) is an increasing function
of ω̄e,t+1, the lending rate spread increases when the entrepreneurial
leverage goes up.20

RE
t

Rr
t

= Et

{
ω̄e,t+1

(Γ(ω̄e,t+1) − μEG(ω̄e,t+1))

}
(19)

At the end of the period t + 1, a fraction (1 − γ) of each entre-
preneur’s net worth is transferred to his own household and each
entrepreneur receives a lump-sum transfer W e from the household.
Since the ex post net worth of an individual entrepreneur is linear, we
can simply integrate individual entrepreneurs’ net worth and derive
the evolution of total net worth of entrepreneurs as follows:

NE
t = γ[(1 − Γ(ω̄e,t))(Rk

t φk
t−1 + Rh

t φh
t−1)}NE

t−1] + W e. (20)

19The first-order conditions are given by

Et

{
(1 − Γ(ω̄e,t+1))

Rk
t+1

Rr
t

+
Γ′(ω̄e,t+1)

Γ′(ω̄e,t+1) − μEG′(ω̄e,t+1)

×
[
(Γ(ω̄e,t+1) − μEG(ω̄e,t+1))

Rk
t+1

Rr
t

− 1
]}

= 0,

Et

{
(1 − Γ(ω̄e,t+1))

Rh
t+1

Rr
t

+
Γ′(ω̄e,t+1)

Γ′(ω̄e,t+1) − μEG′(ω̄e,t+1)

×
[
(Γ(ω̄e,t+1) − μEG(ω̄e,t+1))

Rh
t+1

Rr
t

− 1
]}

= 0.

With Et
Rk

t+1
Rr

t
= Et

Rh
t+1
Rr

t
it holds that E{ω̄e,t+1} = RE

t (φk
t +φh

t −1)
Rk

t+1φk
t +Rh

t+1φh
t

= 1 − 1
φk

t +φh
t
.

20Refer to footnote 15.
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2.3 Banks

Following Gerali et al. (2010), I assume that there is a unit mass of
banks and each bank consists of two retail branches and one whole-
sale branch. The first retail branch is responsible for providing home
mortgages ZI

t to impatient households. The second retail branch
gives out business loans ZE

t to entrepreneurs. I also assume that
both retail branches operate in perfect competition. They obtain
wholesale loans at the wholesale rate Rr

t and sell them to final bor-
rowers on the condition that the ex ante participation constraint
of the bank holds. Therefore, each retail branch sets the contrac-
tual lending rate according to equations (9) and (19), respectively.
Then the retail branches pass over resulting profits or losses to the
wholesale branch.

The wholesale branch has a net worth Nt, which is accumulated
out of retained profits, and collects deposits Dt from patient house-
holds at the deposit rate Rt. With these funds the wholesale branch
issues wholesale loans Wt at the wholesale rate Rr

t while paying a
linear operating cost κwWt and a quadratic penalty cost when the
bank net-worth-to-asset ratio Nt/Wt deviates from its target. The
problem of the wholesale branch is to choose loans and deposits
to maximize the discounted sum of expected profits subject to the
balance sheet constraint:

max
{Wt,Dt}

E0

∞∑

t=0

(βP )t+1ΛP
0,t+1Πwb,t+1, (21)

where

Πwb,t+1 = Rr
t Wt + Πhb,t+1 + Πeb,t+1 − RtDt

− Nt − κwWt − φn

2

(
Nt

Wt
− νb

)2

Nt

subject to

Wt = ZI
t + ZE

t = Nt + Dt.

Here, Πhb,t+1 denotes total profits of the home mortgage branch;
Πeb,t+1 refers to those of the business loan branch. Due to the bind-
ing participation constraints of the bank, profits or losses resulting



232 International Journal of Central Banking September 2017

from an ex ante risky debt contract, εhb,t and εeb,t, are an unex-
pected surprise by construction.21 To improve empirical validity, I
assume that εhb,t and εeb,t have persistent effects on the bank’s net
worth with a decaying factor (ρh and ρe, respectively), albeit ad
hoc.22 Then Πhb,t and Πeb,t are expressed by

Πhb,t = εhb,t + ρhεhb,t−1 + ρ2
hεhb,t−2 + ρ3

hεhb,t−3 + · · · ,

Πeb,t = εeb,t + ρeεeb,t−1 + ρ2
eεeb,t−2 + ρ3

eεeb,t−3 + · · · .

The above equations can be reformulated in autoregressive form:

Πhb,t = εhb,t + ρhΠhb,t−1, (22)

Πeb,t = εeb,t + ρeΠeb,t−1. (23)

The first-order condition of the wholesale branch’s problem is
given by

Rr
t − Rt = κw − φn

(
Nt

Wt
− νb

) (
Nt

Wt

)2

. (24)

Since the right-hand side of equation (24) is decreasing in the bank
net-worth-to-asset ratio around the steady state, the interest rate
spread between the wholesale loan rate and the deposit rate increases
(up to the first-order approximation) when the bank’s leverage goes
up. All bank profits are reinvested in banking activity and a frac-
tion (δb) of the pre-profit bank net worth is transferred to its own
household. Aggregate bank capital evolves according to

Nt = (1 − δb)Nt−1 + Πwb,t. (25)

21Et[εhb,t+1] = 0, Et[εeb,t+1] = 0.
22I take an approach similar to Guerrieri et al. (2015) that employs an autore-

gressive process of order 1 for bank losses in their simulations based on an empir-
ically relevant scenario used in the stress tests for the U.S. banking sector. The
introduction of the ad hoc adjustment implies a stronger role of the bank’s net
worth in model dynamics than otherwise. It does not, however, change simulation
results qualitatively.
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2.4 Production Sector and Nominal Rigidities

In order to introduce price rigidities, I differentiate between com-
petitive intermediate goods producing firms and retail firms. Inter-
mediate goods producing firms hire composite capital services from
entrepreneurs and two types of labor from households and solve the
following maximization problem given their production technology.

max
{LP

t ,LI
t ,Kt−1,HE

t−1}

{
Yt

xp,t
− wP

t LP
t − wI

t LI
t − rk,tKt−1 − rh,tH

E
t−1

}
,

(26)

where

Yt = [HE
t−1

νk
Kt−1

1−νk ]α[LP
t

νl
LI

t

(1−νl)](1−α).

xp,t is the price markup of final goods over intermediate goods.
Retail firms operate in a regime of monopolistic competition and
face Calvo-type nominal price frictions. Retailers buy intermedi-
ate goods Yt at the price Pw

t in a competitive market, differenti-
ate the goods, and sell them at price Pt, which includes a markup
xp,t = Pt/Pw

t over the marginal cost Pw
t . The CES aggregates of

these goods are converted into homogenous final goods, which are
purchased by households and capital good producing firms. In every
period, each retail firm sets optimal prices with probability 1 − θπ

or indexes prices to the steady-state inflation Π with probability θπ,
regardless of the history of its price adjustments. These assumptions
deliver the following price Phillips curve:

log
(

Πt

Π

)
= βP Et log

(
Πt+1

Π

)
− κπ log

(
xp,t

xp

)
, (27)

where κπ = (1−θπ)(1−βP θπ)
θπ

determines the sensitivity of inflation to
changes in the price markup xp,t relative to its steady-state value xp.

Capital goods producing firms purchase previously installed
depreciated capital from entrepreneurs and investment goods It from
final goods producing firms, and produce new installed capital sub-
ject to investment adjustment costs. The capital goods producer
solves

max
Iτ

Et

∞∑

τ=t

Λt,τ

{
Qk,τIτ −

[
1 + sk

(
Iτ

Iτ−1

)]
Iτ

}
, (28)
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where sk(x) = κk

2 (x − 1)2. The aggregate non-residential capital
evolves according to

Kt+1 = (1 − δk)Kt + It. (29)

2.5 Central Bank and Government

The central bank sets the risk-free nominal interest rate based on
an interest rate feedback rule that allows for interest rate smoothing
and reacts to annual inflation and output.

Rn
t = max

{
1, (Rn

t−1)
γR

(
ΠA

t

ΠA

)(1−γR)γπ (
Yt

Y

)(1−γR)γy

(Rn)1−γR

}
,

(30)

where ΠA
t is year-on-year inflation, which is expressed in quarterly

terms as ΠA
t = (Pt/Pt−4)1/4. The link between nominal and real

interest rates is given by the Fisher equation: Rn
t = Rt · EtΠt+1.

Government uses fiscal policy only for redistributive purposes:
TrP

t + TrI
t = 0. In the baseline model I ignore the redistributive

role of the government.

2.6 Competitive Equilibrium

The model is closed by market clearing conditions. As aggregate
housing supply is normalized to one, the housing market clears as
below:

HP
t + HI

t + HE
t = 1. (31)

By Walras’s law, the good’s market clears:

Yt = CP
t + CI

t +
[
1 + sk

(
It

It−1

)]
It + Adjt,

where Adjt = μBG(ω̄t; )Qh,tH
I
t−1 + μEG(ω̄e,t)(Rk

t Qk,t−1Kt−1 +
Rh

t Qh,t−1H
E
t−1) + κwWt + φn

2 ( Nt

Wt
− νb)2Nt + aczh,t.

The competitive equilibrium consists of a set of prices {Rt,R
L
t ,RE

t ,
Rr

t , Rk
t , Rh

t , Qh,t, Qk,t, rh,t, rk,t, wP
t , wI

t ,Πt, xp,t, x
P
w,t, x

I
w,t}∞

t=0 and
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a set of real allocations {CP
t , CI

t , LP
t , LI

t ,Λ
P
t ,ΛI

t , H
P
t , HI

t , HE
t , Dt,

ZI
t , ZE

t , Kt, N
E
t , φk

t , φh
t , ω̄t, ω̄e,t, Nt,Πhb,t,Πeb,t, It, Yt}∞

t=0 for a given
government policy {Rn

t , T rP
t , T rI

t }∞
t=0, a realization of exogenous

variables {εχ,t}∞
t=0 and initial conditions {HP

−1, H
I
−1, H

E
−1, D−1, Z

I
−1,

ZE
−1, K−1, N

E
−1, N−1} such that

• households of both types maximize the lifetime utility given
the prices;

• each labor union maximizes its profits given the prices;
• the entrepreneurs’ allocations solve the problem (17) given the

prices;
• the banks’ allocations solve the problem (21) given the prices;
• the intermediate goods firms solve the problem (26) given the

prices;
• the retail firms maximize their profits given the prices;
• the capital goods producing firms solve the problem (28) given

the prices;
• the government budget constraint holds;
• markets clear.

A set of equations describing the equilibrium of the model is
summarized in the appendix of Yoo (2017).

3. Calibration

I divide the model parameters into two sets. For the first set of
parameters I choose values mostly from the relevant literature. The
second set of parameters is endogenously determined in the model
to ensure that the model’s steady state is consistent with the empir-
ical features related to macro aggregates as well as debt and real
estate owned by households and non-financial businesses for the U.S.
economy during 1991–2006.

3.1 Exogenously Chosen Parameters

Exogenously chosen parameters are presented in table 2. The dis-
count factor of patient households βP is set at 0.995, implying that
the steady-state risk-free real interest rate is 2 percent. As for other
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Table 2. Exogenously Chosen Parameters

Description Parameter Value

Households, Production Sector, and Nominal Rigidities

Discount Factor, Patient Households βP 0.995
Habit Formation in Consumption ε 0.65
Inverse of the Frisch Elasticity ϕ 1.0
Disutility Weight on Labor ψl 1.0
Steady-State Price Markup xp 1.2
Steady-State Wage Markup xw 1.2
Probability of Keeping Prices Fixed θ 0.85
Probability of Keeping Wages Fixed θw 0.9
Investment Adjustment Cost κk 2.0
Steady-State Inflation Π 1.005 (2%)
Wage Share of Impatient Households 1 − vl 0.35

Financial Frictions

Foreclosure Cost μB 0.17
Monitoring Cost μE 0.215
Fraction of Entrepreneurial Net Worth 1 − γ 1–0.982

Transferred to Households
Target Capital-to-Asset Ratio vb 0.1
Wholesale Funds Operating Cost κw 0.015/4
Bank Capital Adjustment Cost φn 25
Mortgage Adjustment Cost κzh 4.0
Autocorrelation of Retail Profits, Home Mortgages ρh 0.9
Autocorrelation of Retail Profits, Business Loans ρe 0.9

Others

Policy Smoothing Coefficient ρR 0.7
Policy Reaction Coefficient on Inflation ρπ 2.0
Policy Reaction Coefficient on Output ρy 0.5/4
AR(1) Coefficient on Housing Preference Shock ρχ 0.97

conventional parameters, I choose standard values in the New Key-
nesian literature. These include the consumption habit parameter
ε, the inverse Frisch elasticity of labor supply ϕ, the steady-state
price markup xp, the steady-state wage markup xw, and the invest-
ment adjustment cost parameter κk. The disutility weight on labor
steady ψl is normalized to 1. I set parameters governing the price
and wage rigidities, θ and θw, to 0.85 and 0.9, respectively. I choose
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values from the mid-upper range found in the literature in order to
partially compensate the absence of several real or nominal frictions
such as variable capital utilization and partial indexation of prices
and wages to past inflation. The steady-state annual inflation is set
to 2 percent. I set the steady-state wage share of impatient house-
holds to 0.35, which is in the mid-range of the existing literature.23

The resulting income share of these households in aggregate income
is 24 percent.

In choosing the parameters related to financial frictions, I rely
on a number of previous studies. As in Chatterjee and Eyigungor
(2015), the foreclosure cost parameter μB is set to 0.17, which means
that banks lose 17 percent of the values of houses in case of foreclo-
sure. The parameter for the monitoring cost of business loans μE is
taken from Christiano, Motto, and Rostagno (2014), who estimate it
together with other structural parameters. The parameter governing
the transfer from entrepreneurs to their respective households, 1−γ,
is determined to be 1–0.982. This lies in between the 1–0.973 value
used by Bernanke, Gertler, and Gilchrist (1999) and the 1–0.985
value used by Christiano, Motto, and Rostagno (2014).

Due to the binding participation constraint of the bank, the
model-implied profits and losses are unexpected and serially uncorre-
lated. This implication conflicts with the data that show persistence.
To improve the fit of the model, I introduce AR(1) processes (equa-
tions (22) and (23)). I set the autocorrelation coefficients, ρh and
ρe, at 0.9, following Guerrieri et al. (2015) who conduct compar-
ative exercises with regard to an exogenous shock to bank capital
losses with five structural macrofinancial models.

The parameter for the bank capital adjustment cost φn is set to
25, which is roughly twice the estimated value of 11.5 in Gerali et al.
(2010). It implies that the elasticity of the bank’s interest rate spread
with respect to the bank net worth is approximately twice as big as
that in Gerali et al. (2010).24 The targeted capital-to-asset ratio νb is
set to 10 percent. I consider not only the regulatory minimum capital

23The wage share of credit-constrained households used in other studies is as
follows: 0.36 in Iacoviello (2005), 0.21 in Iacoviello and Neri (2010), 0.42 in Guer-
rieri and Iacoviello (2015a), etc. Using the Survey of Consumer Finances (SCF),
Kaplan and Violante (2014) estimate that between 17.5 percent and 35 percent
of U.S. households are liquidity constrained.

24Refer to equation (32) in footnote 37.
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requirement of 8 percent but also the additional requirement implic-
itly enforced by market discipline, which seems to be consistent with
U.S. data.25 The operating cost parameter at the wholesale branch of
banks, κw, is put to 0.015/4, implying that the steady-state interest
rate spread of the wholesale loan rate over the deposit rate is 1.5 per-
cent in annual terms. The parameter governing mortgage adjustment
costs is set to 4.26

As for the interest rate rule’s specification, I use 0.7 for interest
rate smoothing, 2.0 for the reaction coefficient on inflation, and 0.5/4
for the reaction coefficient on output. Lastly, I employ a fairly persis-
tent AR(1) process for the housing preference shock as in Iacoviello
and Neri (2010) and Liu, Wang, and Zha (2013).

3.2 Endogenously Determined Parameters

Endogenously determined parameters are reported in table 3
together with empirical targets used for calibration. The steady-state
default threshold for home mortgages ω̄ and the standard deviation
of an idiosyncratic shock in households’ housing σω are chosen such
that the loan-to-value ratio of impatient households is 85 percent and
the annual foreclosure rate for home mortgages is 1.5 percent. The
former is in line with the average loan-to-value ratios of first-time
homebuyers for the 1990s and early 2000s estimated by Duca, Muell-
bauer, and Murphy (2011), and the latter is the average foreclosure
rate for 1991–2006 reported by the Mortgage Bankers Association. In
a similar way, the steady-state default threshold for business loans ω̄e

and the standard deviation of an individual shock in entrepreneurs’
capital services σωe

are calibrated to agree with both the average
of debt-to-net-worth ratio of non-financial business for 1991–2006,
0.42, and the annual business default rate estimated by Christiano,
Motto, and Rostagno (2014), 2.25 percent.27

25The average of the equity-to-asset ratios for the U.S. commercial banks during
2004–06 is 9.9 percent.

26I conduct the sensitivity analysis in the appendix of Yoo (2017) since there
is no prior information.

27Debt of non-financial business is the sum of the credit market instruments of
both non-financial corporate business and non-financial non-corporate business.
Net worth is the sum of net worth of non-financial corporate business at market
prices and net worth of non-financial non-corporate business. All the data are
taken from tables B.102 and B.103 in Flow of Funds Accounts.
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Table 3. Endogenously Determined Parameters and
Selected Steady-State Ratios

Description Parameter Value

A. Endogenously Determined Parameters

Discount Factor, Impatient Households βI 0.9598
Steady-State Housing Parameter, Patient Households χP 0.032
Steady-State Housing Parameter, Impatient Households χI 0.190
Capital Share in Production α 0.307
Commercial Real Estate Share in Production 1 − νk 0.050
Depreciation Rate δk 0.0226
Steady-State Default Threshold, Home Mortgages ω̄ 0.850
Standard Deviation, Idiosyncratic Shock on Households’

Housing
σω 0.060

Steady-State Default Threshold, Loans to Entrepreneurs ω̄e 0.316
Standard Deviation, Idiosyncratic Shock on Entrepreneurs’

Capital
σωe 0.419

Bank Net Worth Transferred to Patient Households δb 0.005
Transfer Received by Entrepreneurs W e 0.0093

Description Model Data

B. Steady-State Ratios

Targets:

Ratio of Home Real Estate to Output, Qh(HP +HI )
Y (=C+I) 1.7 × 4 1.7 × 4

Share of Home Mortgages in Total Loans, ZI

ZI+ZE 0.47 0.45

Ratio of Non-residential Fixed Assets to Output, K
Y

6.5 6.5
Ratio of Non-residential Investment to Output, I

Y
0.147 0.146

Share of Business Residential Fixed Assets, HE 0.11 0.11
Loan-to-Value Ratio of Credit-Constrained Households,

RLZI

QhHI

0.85 0.85

Entrepreneurs’ Debt-to-Net-Worth Ratio, ZE

NE 0.46 0.42
Annual Foreclosure Rate, 400F (ω̄) 1.5% 1.5%
Annual Business Default Rate, 400F (ω̄e) 2.24% 2.25%

Model-Implied Steady-State Ratios:

Capital-to-Output Ratio, K+QhHE

Y
7.3 7.1

Charge-Off Rates, Households, 0.27 0.15
400(F (ω̄)ZI − (1 − μB)G(ω̄)QhHI)/ZI

Charge-Off Rates, Entrepreneurs, 0.68 0.74
400(F (ω̄e)ZE − (1 − μE)G(ω̄e)(RkK + RhQhHE))/ZE

Households’ Aggregate Loan-to-Value Ratio, RLZI

Qh(HP +HI )
0.31 0.37

Interest Rate Spread of Home Mortgages in Annual Terms,
RL − R

1.8%p 1.8%p

Interest Rate Spread of Business Loans in Annual Terms,
RE − R

2.2%p 2.1%p

Nominal Risk-Free Rate in Annual Terms, Rn = R · Π 4.0% 4.1%
Banks’ Interest Rate Spread in Annual Terms, Rr − R 1.5%p –
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The capital share in production α, the commercial real estate
share in production 1 − νk, and the depreciation rate δk are jointly
calibrated to match three sample averages for 1991–2006: the ratio of
non-residential fixed assets to output (6.5), the share of business res-
idential fixed assets in total residential fixed assets (11 percent), and
the ratio of non-residential investment to output (14.6 percent).28

The resulting α, 1−νk, and δk are equal to 0.307, 0.050, and 0.0226,
respectively.

The parameters governing the steady-state housing weight in
utility for the patient and impatient households, χP and χI , are
jointly determined such that the ratio of home real estate to annual
output is 1.7 and the share of home mortgages in total loans, home
mortgages plus business loans, is 45 percent.29 The resulting χI is
0.190, which is approximately six times as big as the calibrated χP

of 0.032. These calibration results imply that the impatient house-
holds, as a whole, would exert more influence on housing prices than
the case when χP = χI is assumed. Guerrieri and Iacoviello (2015a)
find that in their housing finance model with the assumption of
χP = χI , housing services are primarily priced by patient house-
holds. Geanakoplos (2010) argues, however, that houses are priced
by the most leveraged households because debt enables them to
increase their bidding power. The resulting calibration thus helps
to capture part of the claim of Geanakoplos (2010).

Lastly, the discount factor of impatient households βI , the
parameter concerning dividends from banks to patient households
δb, and the transfer received by entrepreneurs W e are endogenously

28To arrive at these numerical values, I first construct an output series, which is
consistent with the model definition—the sum of consumption and non-residential
investment—using the chain-aggregation methods outlined in Whelan (2002).
Then I compute the ratio of non-residential fixed assets to output and the ratio
of non-residential investment to output by dividing the respective variables by
the model-consistent output. Business residential fixed assets are defined as the
sum of ones owned by corporate business and non-corporate business, such as
sole proprietorships and partnerships. I compute its share in all residential fixed
assets. I use National Economic Accounts (tables 1.1.3, 1.1.5, and 1.1.6) and
Fixed Assets Accounts (tables 1.1, 1.2, 5.1, and 5.2) of the Bureau of Economic
Analysis.

29The data on home real estate and home mortgages are obtained from table
B.100 in Flow of Funds Accounts. A model-implied share of home mortgages in
total loans ends up with 47 percent at the steady state.
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determined to ensure that the related steady-state equations hold.
The resulting βI is 0.9598.

The bottom panel of table 3 reports some selected model-implied
steady-state ratios and their empirical counterparts, if they exist.
The corresponding data are sample averages computed over the
period of 1991–2006. Overall, the model matches quite well many of
the empirical moments that are not targeted. They include financial
variables such as charge-off rates for home mortgages and business
loans, the interest rate spread of the mortgage lending rate over the
risk-free rate, and the interest rate spread of the business loan rate
over the risk-free rate.30 The resulting aggregate loan-to-value ratio
of households (0.31) is a bit short of the empirical moment (0.37).
It could reflect that part of home mortgages can be also issued to
patient households, in reality.

4. Results

This section presents the findings of a series of simulation exer-
cises. I begin with an impulse response analysis with two finan-
cial shocks: a housing preference shock and a shock to bank losses.
Both shocks were identified as critical during the Great Reces-
sion. The simulations reveal the key mechanism of the baseline
model. The subsequent analysis deals with policy experiments start-
ing from the steady state, that is, policy experiments in non-crisis
times. The government levies lump-sum taxes on patient households
and uses them either to increase banks’ capital or to reduce impa-
tient households’ existing debt. Next, I conduct a crisis experiment

30Regarding charge-off rates, the corresponding empirical counterparts are
charge-off rates on single-family residential mortgages of all commercial banks
and those on business loans of all commercial banks, respectively. Charge-off rates
are defined as loans removed from banks’ balance sheets and charged against loss
reserves, net of recoveries as a percentage of average loans in annual terms. I
define the mortgage rate spread as the yield on the thirty-year fixed-rate mort-
gages minus the average yield on the five-year and ten-year Treasury bonds,
following Walentin (2014). He proposes this definition based on the observation
that the duration of a thirty-year fixed-rate mortgages is, on average, seven to
eight years. The interest rate spread of business loans is defined as the difference
in the yield on Moody’s Baa-rated seasoned corporate bonds and the ten-year
Treasury bonds. All the date are obtained from the Federal Reserve Economic
Data (FRED) database. More detailed data sources are presented in footnote 42.
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to mimic key features of the U.S. housing debt crisis. To be more
specific, I feed a sequence of negative housing preference shocks into
the model so that the model can replicate the observed decline in
housing prices, and take a look at the isolated effects of such a col-
lapse in housing prices on other macro and financial variables. Then,
such an environment is used as a laboratory for comparing the con-
sequences of two policies, the capital injection to banks and the debt
relief to households. The magnitude and timing of each policy are
chosen to be comparable to those of financial-sector support pro-
grams that the U.S. government conducted during the recent crisis
(see table 1). Last but not least, I analyze how the consideration of
the zero lower bound (ZLB) can affect the relative effectiveness of
both policies.

In simulating the model, I first compute the non-stochastic
steady state where all of the endogenous variables remain constant
and the empirical targets are matched. Then I compute the approx-
imated time path of endogenous variables in response to an exoge-
nous shock (or shocks) by log-linearizing the model’s equilibrium
conditions around the non-stochastic steady state.

4.1 Baseline Simulations

4.1.1 A Housing Preference Shock

Figure 2 presents dynamic responses to a negative housing prefer-
ence shock that decreases the real housing price on impact by 1
percent. In order to highlight the role of commercial real estate in
the model dynamics, figure 2 also contains simulation outcomes from
a model without commercial real estate HE

t . Entrepreneurs in this
alternative model economy manage only non-residential capital as in
the standard financial accelerator model in Bernanke, Gertler, and
Gilchrist (1999).31 I first look at simulation results from the baseline
model, the solid lines, and then compare them with those from the
model without HE

t , the dashed lines.
As seen in panel D, housing prices fall immediately by 1 percent

and then very slowly return to the steady state. Given the outstand-
ing debt, the decline in housing prices increases borrowers’ leverage.

31Technically, I set νk at 0.000001, while ignoring a share of business residential
capital as a target.
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Figure 2. Impulse Responses to a Negative Housing
Preference Shock in the Models with and without

Commercial Real Estate

Notes: The horizontal axis represents quarters after the shock. The nominal
interest rate is annualized. The simulations show dynamic responses to a housing
preference shock that decreases housing prices on impact by 1 percent in both
models.

It implies that more members of impatient households and entre-
preneurs default on their loans. The increased number of defaults
in turn causes losses for banks. In order to satisfy their participa-
tion constraint, banks raise the contractual lending rates relative to
the wholesale lending rate. The interest rate spread of home mort-
gages (in panel K) goes up by 12 annual basis points, while that of
business loans (in panel L) increases by 2 annual basis points. Since
commercial real estate is part of entrepreneurial assets, the effects
of housing prices on the entrepreneurial net worth are smaller than
those on the net worth of impatient households. Facing higher bor-
rowing costs, borrowers demand less credit. Meanwhile, a fall in
housing prices also tightens credit supply, as the bank net worth (in
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panel I) declines and the bank leverage rises. As a result, the inter-
est rate spread of banks (in panel L) increases by 2 annual basis
points.

Given higher borrowing costs, the impatient households signif-
icantly cut back on consumption, making aggregate consumption
decrease by roughly 0.2 percent (in panel B).32 The entrepreneurs
also reduce demand for non-residential capital, which leads to a
decline in investment as well as in its price (see panels C and E).
Interestingly, the decrease in housing prices has a persistent effect on
non-residential investment. The trough is reached in the third year
after the shock. As shown in panel A, GDP, defined as the sum of
aggregate consumption and non-residential investment, decreases by
about 0.2 percent. In response to the decrease in output and infla-
tion (not shown in figure 2), the central bank decreases its nominal
interest rate (in panel F).

Now I compare simulation outcomes from the baseline model
with those from a model without residential capital HE

t . Noticeable
differences are found in the dynamic responses of non-residential
investment, its prices, and the entrepreneurial net worth (in panels
C, E, and H). Since entrepreneurs do not deal with residential cap-
ital in the alternative model, housing prices cannot directly affect
the entrepreneurs’ net worth. Rather, the reduction in the equilib-
rium real interest rate, which is induced to compensate the reduced
consumption of impatient households, boosts investment demand,
and thus raises the price of non-residential capital. Non-residential
investment and its prices increase for nearly two years before
they fall below the steady-state mainly due to the halting credit
supply.

The simulation using the baseline model shows that a decline
in housing prices leads to a decrease in non-residential investment,
which is in line with the empirical evidence presented in Liu, Wang,
and Zha (2013). In contrast, the simulation with the alternative
model, where a standard modeling setup for housing services like in
Iacoviello (2005) or Iacoviello and Neri (2010) is simply combined
with a financial accelerator mechanism for new business investment
like in Bernanke, Gertler, and Gilchrist (1999), predicts the opposite

32The consumption of patient households increases due to a decline in the
equilibrium real interest rate.
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with respect to housing prices and non-residential investment.33 Due
to a similar logic, a decline in housing prices leads to a business
investment boom in a model where credit-constrained households
borrow funds against housing collateral and unconstrained house-
holds can only access investment technology.34

4.1.2 A Shock to Bank Losses

I investigate the effects of capital shortfalls in banks on the economy.
Such a disturbance directly exacerbates credit supply conditions. To
evaluate the implications of bank capital losses in the baseline model
in contrast to those in other macrofinancial models, I conduct the
same simulation exercise with a shock to bank losses as in Guerrieri
et al. (2015).

They model a shock to bank losses as a lump-sum transfer from
the banking sector to households, who are the ultimate suppliers of
funds in the economy, and assume that the shock follows an AR(1)
process with an autocorrelation coefficient of 0.9. An exogenous dis-
turbance is then fed into the model, so that the banking sector incurs
cumulated losses worth 7.5 percent of annual steady-state GDP for
nine quarters.35 Guerrieri et al. (2015) carry out the described sim-
ulation with five macroeconomic models, all of which consider an
explicit role of banks and have been developed by staff economists
at the Federal Reserve Board. They include the model of Iacoviello
(2015), the model of Covas and Driscoll (2014), the model of Kiley
and Sim (2015), Queralto’s model, and the model developed by
Guerrieri and Jahan-Parvar. Each model takes a different approach

33Kollmann et al. (2013) and Clerc et al. (2015) simply combine the two macro-
financial modeling devices. Regardless of whether or not they recognize their
model’s implications on housing prices and business investment, they rightly
exclude a housing preference shock from a list of exogenous shocks considered.

34In the models of Iacoviello and Neri (2010) and Justiniano, Primiceri, and
Tambalotti (2015), business investment increases in response to a negative hous-
ing preference shock because of these modeling assumptions.

35This numerical reference is chosen based on the stress tests for the U.S.
banking sector under a severely adverse scenario comparable to the Great Reces-
sion, which were conducted for the Comprehensive Capital Analysis and Review
(CCAR) of 2013. The amount of the cumulated losses, 7.5 percent of annual
GDP, is used to pin down the magnitude of an initial disturbance.
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Figure 3. Impulse Responses to a Transfer Shock from
the Banking Sector to Patient Households

Notes: The horizontal axis represents quarters after the shock. The exogenous
shock to transfer resources from the banking sector to patient households is fed
into the model, so that the banking sector incurs cumulated losses worth 7.5
percent of annual steady-state GDP for nine quarters. This figure is directly
comparable to figure 17 of Guerrieri et al. (2005).

to formulate macrofinancial linkages, but all of them are cali-
brated or estimated on U.S. data. The authors therefore argue that
the model comparison can offer a “model-based confidence inter-
val” with respect to the shock which originated from the banking
sector.

Figure 3 presents the implications for a transfer shock from the
banking sector to patient households in my model.36 As the transfer
shock causes the bank’s net worth to decrease, the bank’s interest

36To make the direct comparison easier, figure 3 includes the same variables as
in figure 17, page 48 of Guerrieri et al. (2015).
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rate spread rises for any given level of credit to borrowers.37 As can
be seen in panel E, the bank net worth initially falls by about 10
percent and then declines further by over 30 percent in six quarters
due to an endogenous decrease in the bank’s retained earnings as
well as the persistence of the shock process. Thereafter it gradually
returns to the steady state. The bank’s interest rate spread shows
symmetric dynamics. It increases to more than 2.0 percentage points
in annual terms and then steadily returns to the long-run level. With
the soaring funding costs, entrepreneurs reduce the demand for cap-
ital and, as a result, non-residential investment decreases rapidly, as
shown in panel C. For the same reason, impatient households reduce
consumption. However, patient households, who receive a persistent
wealth transfer from the banking sector and face a lower interest rate
on deposits, increase consumption enough to offset the decrease in
the consumption of impatient households. The aggregate consump-
tion therefore goes up for the first two years (see panel B). To sum
up, the aggregate demand, or GDP, decreases by nearly 1.4 percent
in the two years after the initial shock occurs and then gradually
returns to the steady-state level.

Compared with the output dynamics of the five macrofinan-
cial models in Guerrieri et al. (2015), GDP in my model lies in
the mid-range. This comparison suggests that my model delivers
quantitatively acceptable implications for the role of banking capital.

4.1.3 Policy Experiments in Normal Times

So far, I have analyzed dynamic responses to two financial shocks
and have found that the leverage of both borrowers and banks plays
an important role in the model dynamics. When the leverage of
impatient households or entrepreneurs increases, the correspond-
ing lending rate spread also goes up, reflecting a rise in default.
Faced with higher funding costs, credit-constrained agents cut
back on spending. Meanwhile, when the bank’s leverage increases,

37The log-linearized first-order condition of the bank around the steady state
shows this relationship:

R̂r
t − R̂t =

φnν3
b

R
Ŵt − φnν3

b

R
N̂t. (32)
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the bank reduces loan supply, thereby increasing the wholesale
loan rate relative to the rate at which the bank borrows. This
adverse credit supply leads credit-dependent agents to refrain from
spending.

Against the backdrop of these adverse disturbances, I carry
out policy simulations to reduce the leverage of credit-constrained
agents. More specifically, I compare the effects of a policy to inject
capital into banks with those of a policy to reduce the outstanding
debt of impatient households. For simplicity, I model each policy as
a one-time transfer worth 1 percent of the steady-state annual GDP
from the patient households either to banks or to the impatient
households.38 The transfer to banks simply increases the banks’ net
worth. The policy to reduce the debt of impatient households needs
more explanation. This policy involves two effects on the recipients.
It increases their net worth like a simple transfer. On top of that, it
scales down their leverage and thus reduces the likelihood of default.
Thanks to the reduced foreclosure costs, banks make profits and will
charge a lower mortgage rate relative to the wholesale lending rate,

38In other words, the government earns funds by levying lump-sum taxes on
patient households and uses them to support the financially constrained agents.
The mathematical expressions are given as follows. Let Trt = 0.04Y GDP . For a
transfer to banks, Trt is simply added to the equation for bank capital accumu-
lations at period t.

Nt = (1 − δb)Nt−1 + Πwb,t + Trt

Regarding debt relief to impatient households, I define an instrument for the debt
relief policy, τr

t , such that Trt = τ r
t RL

t−1Z
I
t−1. The budget constraint of impatient

households is rewritten with τr
t :
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The default threshold, ω̄t is adjusted by the factor of τr
t .

ω̄t =
(1 − τ r

t )RL
t−1Z

I
t−1

Qh,tHI
t−1

(34)

As long as the policy is unexpected, other optimality conditions of impatient
households do not change. A more detailed explanation is provided in the appen-
dix of Yoo (2017).
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Figure 4. Effects of One-Time Transfer Policies Worth
1 Percent Steady-State Annual GDP

Note: The horizontal axis represents quarters after each policy shock.

which relieves households of an interest repayment burden. There-
fore, they have more incentive to increase current consumption. For
comparison, I additionally consider a simple lump-sum transfer to
impatient households.

Figure 4 shows the dynamic responses to three one-time trans-
fer policies worth 1 percent of steady-state annual GDP starting
from the steady state: a transfer to banks (solid line), a debt relief
to impatient households (dotted line), and a transfer to impatient
households (dashed line). The transfer to banks increases credit
availability substantially, so that the interest rate spread of banks
decreases by around 70 annual basis points and total bank loans
increase on impact by almost 2 percent (see panels L and G). Con-
sequently, consumption and non-residential investment increase. The
impact on investment (in panel C) is large. The increased investment
demand causes capital prices to rise, and thus entrepreneurial net
worth also goes up. This further boosts non-residential investment
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in the subsequent periods. In contrast, the impact on aggregate con-
sumption is fairly mild. The consumption of impatient households
gradually increases partly due to mortgage adjustment costs and
is mostly offset in the aggregate by a decrease in the consumption
of patient households. Housing prices decline as patient households
reduce their demand for housing services due to negative wealth
effects. The effects on inflation are negligible and thus the central
bank raises the nominal rate only a little.

Overall, real GDP increases by 0.17 percent before slowly return-
ing to its long-term level. The output effects are quite persistent:
GDP increases by 0.14 percent for each of the first two years and
by 0.08 percent for the third year. The cumulative output increase
after ten years amounts to roughly 0.6 percent relative to the baseline
annual GDP.

I now turn to evaluating a policy to reduce the debt of impatient
households with funds raised from patient households. The marginal
propensity to consume of the impatient households is higher than
that of the patient households due to a lower discounting factor, so
that a simple transfer, by itself, can lead to an increase in aggregate
consumption. The dashed line shows the simulation outcomes with
the lump-sum transfer to impatient households. Yet, the debt relief
has an additional channel to increase consumption. The reduction
in existing debt results in a lower funding cost for new home mort-
gages through the decreased mortgage default risk. The lending rate
spread of home mortgages decreases on impact by 20 annual basis
points, which is 2 basis points larger relative to those under the
policy with a simple transfer. Consequently, aggregate consumption
increases initially by 0.3 percent and then goes up by 0.43 percent
in the next period, which is 0.05 percent higher than with the policy
using a simple transfer.

However, this sharp boost in consumption leads to a rise in infla-
tion. In response to such an inflationary development, the central
bank raises the nominal interest rate, which translates into a rise in
the real interest rate due to price rigidities. A higher real rate causes
patient households to cut back on consumption further, so that ten
quarters after the policy is undertaken, aggregate consumption falls
below its steady state (see panel B). It also leads entrepreneurs to
refrain from investment (in panel C) and thus non-residential capital
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prices decline (in panel E). It is particularly interesting to see that
housing prices (in panel D) decline more under debt relief than under
capital injections to banks, even though debt relief increases the
impatient households’ appetite for housing services. This is because
under this policy, patient households reduce housing demand to a
greater extent due to higher real interest rates in addition to negative
wealth effects.

Overall, real GDP increases sharply by nearly 0.3 percent in the
first year and then slows down to 0.1 percent in the second year.
Then it falls below the steady state and turns negative in the third
year and thereafter returns to the non-policy path. In the case of
the policy with a simple transfer, stimulative output effects are more
short-lived. The cumulative increase in output after ten years reaches
0.45 percent over baseline annual GDP.

To sum up, the output effects of a debt relief to credit-constrained
households are roughly twice as large as those after injecting
resources to banks in the first year. However, the latter dominates
the former from the second year onward, thereby making a trans-
fer to banks more effective over the long run. It is because such
a transfer causes non-residential investment to increase, expand-
ing production capacity and thereby resulting in lower inflation.
On the contrary, household debt relief gives rise to higher infla-
tion and therefore leads to the central bank’s reaction to raise the
interest rate, which significantly dampens investment as well as the
consumption of credit-unconstrained households.

4.2 An Application to the U.S. Housing Debt Crisis

4.2.1 The Effects of the Collapse in Housing Prices

In this subsection I analyze the effects of the sharp decline in house
prices observed in the U.S. subprime mortgage crisis. House prices
started to decline from the first half of 2006, long before the reces-
sion began, and plummeted until the second quarter of 2009. Then
they remained more or less flat until 2011 before they started to
recover. Based on the S&P Case-Shiller U.S. National Home Price
Index adjusted by the implicit GDP deflator, house prices dropped
by around 30 percent from 2006:Q1 to 2009:Q2. If the stochastic
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trend is removed, house prices declined by nearly 37 percent relative
to the long-run trend over the same periods.39

To engineer such a fall in housing prices, I feed a series of negative
housing preference shocks into the model, similarly to the approach
taken by Justiniano, Primiceri, and Tambalotti (2015). This strat-
egy to generate the decline in housing prices is based on several
studies which, using an estimated structural model with housing,
document that shocks on housing preferences are the primary deter-
minant of fluctuations in housing prices. Liu, Wang, and Zha (2013)
show that housing preference shocks explain around 90 percent of
fluctuations in housing prices at all the different forecasting hori-
zons from one quarter to six years.40 Also, Guerrieri and Iacoviello
(2015a) find that the decline in housing prices observed during the
Great Recession is almost exclusively explained by the realizations
of housing preference shocks.41 Therefore, this exercise allows us
to quantify the isolated effects of the observed decline in housing
prices on macroeconomic aggregates as well as the relevant financial
variables.

Figure 5 presents the model-simulated outcomes together with
their analogous data observed from the first quarter of 2006 to the
fourth quarter of 2014. The actual data include GDP, consumption,

39I use a one-sided Hodrick-Prescott (HP) filter with a value of λ = 100,000 to
decompose a time series into a trend component and a cycle component. Guerrieri
and Iacoviello (2015a) argue that choosing high λ produces plausible estimates for
macroeconomic aggregates and financial variables during the Great Recession. In
addition, the one-sided filter prevents the decomposition from being influenced by
the correlation between the current observation and the subsequent observations.

40The finding is based on variance decompositions reported in table 3 of Liu,
Wang, and Zha (2013). Their model includes a representative patient house-
hold and a representative impatient entrepreneur. The entrepreneur’s borrow-
ing is tied to the value of collateral assets consisting of commercial real estate
and non-residential capital. The model employs eight exogenous shock processes:
an intertemporal preference shock, a housing preference shock, a labor supply
shock, permanent and transitory technology shocks, permanent and transitory
investment-specific shocks, and a collateral shock.

41The results are obtained from historical decompositions presented in figure 5
of Guerrieri and Iacoviello (2015a). The model includes patient households and
impatient households. The debt of impatient households is occasionally tied to
their housing value. The model uses six exogenous shock processes: an intertem-
poral preference shock, a housing preference shock, a price markup shock, a wage
markup shock, an investment shock, and a monetary policy shock.
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Figure 5. An Application to the U.S. Housing Debt Crisis
(2006:Q1–2014:Q4)

Notes: For the data series, the horizontal axis ranges from 2006:Q1 to 2014:Q4.
GDP, consumption, non-residential investment, and total real loans are expressed
in real, per capita terms. These quantity variables as well as housing prices are
detrended using a one-sided HP filter (λ = 100,000) and are shifted in the ver-
tical axis such that the estimates for 2006:Q1 are at zero. The rest of the data
series are shown without transformation. The model-simulated series start from
the steady state. Please refer to the text for more details.

non-residential investment, the sum of home mortgages and busi-
ness credit, housing prices, the federal funds rate, charge-off rates
on single-family residential mortgages, charge-off rates on business
loans, and total equity to total assets for all commercial banks.42

42I obtain data series on consumption and non-residential investment from
U.S. National Economic Accounts. Using the chain-aggregation methods, I com-
pute the model-consistent output, defined as the sum of consumption and non-
residential investment. The rest of the data can be downloaded from FRED
(https://research.stlouisfed.org/fred2/): Home Mortgages (HMLBSHNO), Credit
Market Instruments for Nonfinanical Corporate Business (TCMILBSNNCB),
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The aggregate quantity variables are expressed in real, per capita
terms.43 These variables, in addition to housing prices, are detrended
using a one-sided HP filter (with a value of λ = 100,000) in order to
remove the low-frequency components.44 Each data series in figure 5
is normalized such that its estimate for the first quarter of 2006 is at
zero. The rest of the variables are displayed without transformation.
The model-simulated series starts from their steady-state values.
GDP, consumption, non-residential investment, housing prices, and
total real loans are expressed in the percentage deviation from their
own steady state. The remaining variables are measured in the same
way as their data counterpart.45

Innovations in housing preferences are introduced into the model
for thirteen quarters in a row, such that the model can replicate the
historical development of housing prices during the periods from
2006:1Q to 2009:Q2. As can be seen in panel E, the model-implied
housing prices do indeed plummet as much as the actual data over
the same period. Once no more innovations are fed into the model,
the model-implied housing prices gradually recover to the long-run
level, which is broadly in line with the actual data. With such a
collapse in housing prices, defaults on home mortgages soar and,
consequently, so do bank losses. The annualized charge-off rate on
home mortgages rises from 0.1 percent to more than 2.5 percent for
the initial thirteen quarters (in panel G). This surge accounts for
over 90 percent of the peak in the actual charge-off rates. Another
observation is that the model-implied charge-off rates are shifted

Credit Market Instruments for Nonfinanical Noncorporate Business (TCMILB-
SNNB), S&P Case-Shiller U.S. National Home Price Index (CSUSHPISA), Effec-
tive Federal Funds Rate (DFF), Charge-Off Rate on Single Family Residen-
tial Mortgages (CORSFRMACBS), Charge-Off Rate on Business Loans (COR-
BLACBS), and Total Equity to Total Assets for Banks (EQTA). In parentheses
is an ID for each data series in FRED. Total loans consist of home mortgages and
credit market instruments for non-financial corporate business and non-finanical
non-corporate business.

43The credit variable is deflated by the GDP deflator. The variables are con-
verted into per capita terms by dividing each by the working-age population,
which is obtained from the Organisation for Economic Cooperation and Devel-
opment (OECD).

44I use quarterly data covering the period from 1985:Q1 to 2014:Q4.
45For a better comparison, the model simulations for the two charge-off rates

start from the level of 2006:Q1, not from the steady state.
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to the left by around four to six quarters relative to the actual
data. This is mainly because in the model, the foreclosure process
is completed within a period, but in reality it takes one year or
more for financial institutions to foreclose home mortgages. Tak-
ing into account an actual time lag for the foreclosure completion,
the model-implied charge-off rates on home mortgages explain well
the actual outcomes. The differences between the model-implied and
empirical consumption mirror those between the model-implied and
empirical charge-off rates, because a rise in defaults reduces con-
sumption through the resulting higher lending costs. A comparison
of consumption from the model and data suggests that the observed
housing prices explain roughly 60 percent of the actual decline in
consumption.

The collapse in housing prices also increases defaults on entre-
preneurial loans, thereby raising those loans’ charge-off rates. Panel
H suggests that other shocks must have increased charge-off rates on
business loans during the Great Recession. One of them could be a
shock to the second moment of an idiosyncratic shock process influ-
encing the return to entrepreneurial capital as suggested in Chris-
tiano, Motto, and Rostagno (2014). Meanwhile, the observed decline
in housing prices results in a delayed but substantial decrease in non-
residential investment due to the reduction of both credit demand
and credit supply. Overall, the model predicts that lower housing
prices observed during the periods from 2006:Q1 to 2009:Q2 are
associated with a decrease in aggregate output below 5 percent.
This accounts for 60 percent of the decline in output from the actual
data.

In response to the development of GDP and inflation (not shown
in figure 5) induced by the collapse in housing prices, the central
bank reduces the nominal interest rate by 4 percentage points. Start-
ing at a steady-state level of 4 percent, the nominal rate almost
reaches zero (0.1 percent) thirteen quarters after the initial innova-
tion occurs. As losses in banks are accumulated, banks’ net-worth-
to-asset ratio ratios decline to roughly 9.2 percent. The drop in
the model-implied bank net-worth-to-asset ratio is comparable to
that of its empirical counterpart. While the actual bank capital-to-
asset ratio went up to over 11 percent from 2008:Q4 after banks
received the TARP funds from the government and stayed over 11
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percent, the model predicts a fairly gradual returning to the long-run
level. These differences occur mainly due to the model’s inability to
account for the post-crisis government responses and their impact
on the value of banks’ marketable assets. As for total real loans, we
find that the deleveraging implied by the model is much faster than
what had happened during the Great Recession.

4.2.2 Policy Experiments in the Middle of the U.S. Housing
Debt Crisis

As presented in the introduction, the U.S. government used about
$500 billion to recapitalize the U.S. financial system. This amount
of funds corresponds to 4.2 percent of the sum of 2008 annual con-
sumption and non-residential investment. In this subsection, I ana-
lyze the effects of this recapitalization program and compare them
with those of a debt relief program providing the same amount of
funds. With the observation that almost all of the funds to sup-
port the financial sector were disbursed or committed in one or
two quarters after the Troubled Assets Relief Program (TARP)
was set up in September 2008, I model a policy intervention as a
one-time unexpected shock, namely, a one-shot transfer worth 4.2
percent of annual GDP (consumption + non-residential investment)
from patient households to either banks or impatient households.46

To focus on the effects caused by the policies, I abstract from a
distortionary fiscal policy and assume that Ricardian equivalence
holds.47

The results from the preceding policy exercises in normal times
(in section 4.1.3) imply that the bank recapitalization of 4.2 percent
of annual GDP would increase GDP by nearly 1.2 percent for the
first two years, and by 1.3 percent for the next eight years. In the
case of the debt relief to impatient households, GDP would increase

46Ninety-nine percent of the TARP funds used to support the financial sector
was disbursed or pledged from 2008:Q4 to 2009:Q1. The maximum commitment
to rescuing Fannie Mae and Freddie Mac was initially announced in 2008:Q4 and
was revised once in 2009:Q1.

47All lump-sum taxes are assumed to be paid by patient households. As they
behave according to the permanent income hypothesis, the timing of taxes is
irrelevant for their consumption-saving decisions.
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by 1.5 percent for the initial two years, followed by a mild increase
(0.4 percentage points) for the next eight years.48

These policy effects are simulated as a deviation from the model’s
steady state. Obviously, the U.S. economy was in the midst of
severe financial turbulence when government funds were injected
into financial institutions. Since a log-linearized version of the model
is used for the simulation, a simple transfer policy would bring about
identical results regardless of where the simulation starts. However,
the effects of a debt relief can be different even in a linear model due
to the introduction of default risk. The impatient households’ deci-
sion whether to default or not depends on their outstanding debt.
The amount of existing debt at any period during the simulation is
not necessarily the same because it is endogenously determined as
part of the equilibrium. On top of that, the federal fund rates have
remained near zero since 2008:Q4. Taking into account that the fed-
eral fund rates are constrained at the zero lower bound (ZLB) can
create additional non-linear effects on the economy. The subsequent
experiments deal with these two considerations.

I again use the previous crisis experiment for evaluating the
effects of the two policies. To measure policy effects I simulate the
model with and without a policy shock and compute the differences
in simulation outcomes. More precisely, I first compute the model
implications only with a series of negative housing preference shocks,
and then compute the model implications with an additional policy
shock in 2009:Q1 (the twelfth quarter).

Figure 6 depicts the effects of bank recapitalization (solid line)
versus household debt relief (dotted line) in the middle of the U.S.
housing debt crisis. The left column shows the policy effects with-
out the consideration of the ZLB. The vertical line indicates the
period when the policy action is undertaken. The effects of house-
hold debt relief on consumption are striking. The debt relief increases
consumption more than 3 percentage points relative to the consump-
tion level that would prevail without the policy. In the experiment
starting from the steady state, the same policy raises consumption
up to around 1.8 percentage points, which is far below 3 percentage
points. As shown in panel G of figure 5, charge-off rates on home

48Policy effects are computed by just multiplying the simulation outcomes given
in figure 4 with the relative magnitude of the policy (4.2).



258 International Journal of Central Banking September 2017

Figure 6. Effects of Bank Recapitalization versus
Houshold Debt Relief Worth 4.2 Percent of Annual GDP

in the Middle of the U.S. Housing Debt Crisis

Notes: The simulations start from the steady state. The vertical axis represents
the differences in model implications with a policy shock and those without a
policy shock. The vertical line in the twelfth quarter indicates the period when a
policy action is undertaken. Please refer to the text for more details.
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mortgages are much more elevated in 2008:Q4 and thus the lending
rate spread of home mortgages is very high, reflecting high default
risk. Reducing the households’ indebtedness in such an environment,
by forgiving part of household debt, improves the lending conditions
much more than in normal times. The debt relief causes a decrease
in the annualized lending rate spread of home mortgages from 2.0
percentage points to 0.6 percentage points, while the same policy
in normal times results in a decline of only 0.8 percentage points.
It also brings about further reductions in foreclosure costs. As a
result, the aggressively lowered funding costs boost the consump-
tion of credit-constrained households more. A surge in consumption,
however, causes higher inflation. Due to the central bank’s reac-
tion, interest rates rise more, which in turn leads non-residential
investment to decline more than it does in normal times.

Overall, the household debt relief worth 4.2 percent of annual
GDP increases GDP by 2.7 percentage points for the first two years,
and by 0.7 percentage points for the next eight years. Due to a
linear model, the effects of bank recapitalization, a simple trans-
fer to banks, are the same as those in normal times: 1.2 percentage
points for the first two years and 1.3 percent for the next eight years.
Therefore, the debt relief to credit-constrained households can have
much stronger short-run stimulus on output when assuming that the
economy is in the middle of a housing debt crisis.

4.2.3 Policy Experiments with the Consideration of the ZLB

I now examine how the consideration of the zero lower bound (ZLB)
influences the stimulative effects of both policies. In the experiment
with regard to the U.S. housing debt crisis, the simulated nominal
interest rate declines close to zero but never hits the ZLB. To increase
the likelihood of the nominal rate’s hitting the ZLB with few changes
of the model dynamics in a linear model, I lower the steady-state
annual inflation from 2 percent to 1 percent. I use a toolkit provided
by Guerrieri and Iacoviello (2015b) to compute dynamic responses
in the presence of the ZLB. The toolkit defines the regime based
on whether the constraint binds or not, and uses a piecewise linear
perturbation method that basically links the first-order approxima-
tion of the model around the same point under each regime. As the
dynamics in each regime could depend on the expectation of how
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long the economy stays in that regime, the simulation outcomes can
be highly non-linear.

As in the previous policy experiment, I feed in each policy shock
in the twelfth quarter. Without any policy, the nominal interest
rate would stay at zero for five quarters more until the sixteenth
quarter.49 Figure 6 presents the simulation results for GDP, con-
sumption, investment, and the nominal interest rate without the
ZLB on the left and with the ZLB on the right. First of all, the
output effects of both policies are bigger when the nominal interest
rate is constrained at zero than in the other case. The peak out-
put effect of the transfer to banks under the ZLB is approximately
1.0 percentage point, which is around 40 percent higher than that
without the ZLB (0.7 percentage point). The peak output effect of
the debt relief to impatient households under the ZLB is roughly
4.0 percentage points, which is nearly 70 percent higher than that
of normal times (2.4 percentage points). Second, each policy helps
the economy to escape from a liquidity trap one quarter earlier. The
nominal interest rate is constrained at zero for one year until the fif-
teenth quarter and thereafter it is set according to the interest rate
rule. Third, the stimulative effects of the debt relief are magnified
under the ZLB. The debt relief is inflationary, so that the real inter-
est rate falls, when the nominal interest rate cannot go below zero.
The decrease in real interest rates in turn boosts consumption of
both households as well as non-residential investment, and at least
weakens crowding-out effects.

Overall, a debt relief worth 4.2 percent of annual GDP increases
annual GDP by 5.2 percentage points for the first two years. These
output effects are far beyond those of bank recapitalization (1.6
percentage points). For the next eight years, the debt relief would
increase GDP by 2.0 percent, whereas the bank capitalization boosts
GDP by 1.5 percent. These results suggest that the debt relief pol-
icy under the ZLB has far-reaching effects on the economy beyond
the periods during which the nominal interest rate is constrained at

49The nominal interest rate is endogenously kept at zero for two years from
the ninth to the sixteenth quarter. Since the ZLB prevents the nominal interest
rate from falling down to the level at which efficient intertemporal allocations
can be made, aggregate demand consisting of consumption and non-residential
investment decreases further than without the ZLB. The discussion and figures
are presented in Yoo (2017).
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Table 4. Output Effects of Each One-Time Policy
Worth 4.2 Percent of Annual GDP

Short Run Long Run
(∼2 Years) (3–10 Years)

Transfer to Debt Relief to Transfer to Debt Relief to
Banks Households Banks Households

Normal Times 1.2 1.5 1.3 0.4
Housing Debt Crisis 1.2 2.7 1.3 0.7
Housing Debt Crisis 1.6 5.2 1.5 2.0

under the ZLB

Note: Output effects are measured relative to the baseline annual GDP.

Figure 7. Ten-Years Cumulative Output Multipliers and
The Degree of Monetary Accommodation

zero. Table 4 summarizes the comparison of counterfactual output
effects in three circumstances.

I also conduct the same policy simulations with a different
steady-state inflation to show how the degree of monetary accom-
modation affects the stimulative effects of both policies. Figure 7
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presents the cumulative output multipliers of each policy for ten
years—the line with squares for the transfer to banks and the line
with triangles for the debt relief to households—at each steady-state
inflation. Following Uhlig (2010), the cumulative multiplier is defined
as a ratio whose numerator equals the present values of policy-
induced output effects relative to the steady state for ten years,
and whose denominator equals the size of the policy measure, which
in this case is 4.2 percent of annual steady-state GDP. I assume zero
discount rates, namely, making a simple sum of policy-induced out-
put effects.50 The number in the parentheses on the x-axis indicates
how many quarters the nominal interest rates are stuck at zero from
the period of the policy intervention. As can be seen, the longer the
policy rates are constrained at the ZLB, the higher the cumulative
output multipliers are for both policies. The cumulative multiplier
of capital injection policies is 0.6 when the ZLB is disregarded, but
it doubles when the policy rate stays at zero for seven quarters.
More interestingly, in the case of debt relief policies, the cumulative
multiplier accelerates as the number of periods that the economy is
constrained at the ZLB increases. The cumulative multiplier when
the policy rate stays at zero for seven quarters is nearly 4.0, which
is nearly five times as big as that without the ZLB (0.8).

5. Conclusion

In this paper, I build a DSGE model having major macrofinancial
linkages identified in the literature with a particular focus on the
role of housing finance. I use the model to analyze the macroeco-
nomic effects of a collapse in house prices observed in the recent
U.S. housing debt crisis. Then such a crisis environment is used as a
laboratory for assessing the relative effectiveness of a policy to inject
capital into banks versus a policy to relieve households of mortgage
debt. The magnitude and timing of each policy are chosen to be
comparable to those of financial-sector support programs that the
U.S. government conducted during the crisis.

The policy simulation results suggest that policies to support
the financial sector helped to ease the severity of the recession in

50This is equivalent to the assumption that the discount rates are the same as
the trend growth rates.



Vol. 13 No. 3 Capital Injection to Banks vs. Debt Relief to HHs 263

the aftermath of the housing debt crisis. The more important impli-
cation is, however, that debt relief to households of the same amount
of funds would have been much more effective to stimulate the econ-
omy, given that the household sector was highly leveraged and the
nominal interest rates were constrained at the ZLB. Therefore, this
paper supports the view of Mian and Sufi (2014) and others, who
argue for a more aggressive reduction of household debt.51

Despite the detailed model structure, several issues need to be
addressed in order to quantify the effects of household debt relief
more precisely. First, it would take some time for government agen-
cies to undertake the necessary steps to carry out a policy to reduce
household debt, because such a policy involves a lot of parties unlike
the financial-sector support programs. In my policy experiments,
however, the debt relief is modeled as a one-time policy intervention
to facilitate a direct comparison with the capital injection to banks.
As shown in Cogan et al. (2010), the significant implementation lag
of fiscal policy can reduce its stimulative effects. Meanwhile, the
anticipation of the scheduled debt relief policy can ameliorate the
current credit condition by loosening the participation constraint
of banks. In the end, it is a quantitative issue as to which one
dominates the other. Second, while the model partly accounts for
sluggish mortgage dynamics by introducing loan adjustment costs,
the introduction of explicitly defined long-term mortgage contracts
would be more desirable. The recent papers by Elenev, Landvoigt,
and Nieuwerburgh (2015) and Gelain, Lansing, and Natvik (2015)
deal with an interesting modeling setup for long-term mortgage con-
tracts. Third, the default decision could be modeled in more detail.
For example, by introducing a direct penalty or cost on defaulted
agents, an access to credit market would be restricted for a stochas-
tic length of periods once borrowers declare default (see Chatterjee
and Eyigungor 2015).

Besides the evaluation of the post-crisis government policies, the
model can be used or extended for analyzing other interesting macro-
economic policies. Areas for future research include the design of

51Note that throughout the policy simulations, I implicitly assume that the
main driver of the recent housing debt crisis is a shock on house prices. If other
shocks, such as a shock originating from the financial sector are considered to be
dominant, the relative effectiveness of the policies can be different.
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optimal monetary policy rules with financial variables (as in Cúrdia
and Woodford 2010, Gilchrist and Zakrajsek 2012, and Hirakata,
Sudo, and Ueda 2013) and the optimal bank capital regulation (as
in Clerc et al. 2015 and Begenau 2016).
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Discussion of “Capital Injection to Banks
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Jinhyuk Yoo asks an important and interesting question
in this paper: if policymakers have to choose between pro-
viding debt relief to households versus injecting new capital
into banks, how should they evaluate the choice? The paper
addresses this question through the lens of a DSGE model,
and makes the case that household debt relief is more potent
than capital injection for banks as a stimulus measure in the
midst of a recession drive by household debt like the one the
United States experienced in 2008. Amir Sufi and I also came
to a similar conclusion in our 2014 book House of Debt. In
my comments below, I will first describe the intuition behind
the key result in Yoo’s work. I then discuss the empirical rel-
evance of the model’s assumption and implications in light of
the increasing body of work that has come about since the
great recession. Finally, I discuss a conceptual extension of the
model that Yoo presents to highlight some important questions
for further inquiry.

1. Basic Intuition

The paper builds on a standard New Keynesian DSGE model with
the typical ingredients: (i) a Euler equation that connects consump-
tion today to consumption tomorrow through the interest rate and
expected inflation, (ii) a monetary authority that follows the Taylor
principle subject to a zero lower bound (ZLB) constraint, and (iii) a
Phillips curve for the supply side with a positive relationship between
output and inflation. It is well known that the standard DSGE model
with these three ingredients does not have a direct role for financial
policy, either for household debt relief or for bank capital injection.
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Therefore, to make the model relevant for the question at hand, Yoo
adds two additional ingredients.

First, there is heterogeneity across households, with patient
households lending to impatient households. The impatient house-
holds have higher marginal propensity to consume (MPC) but face
a leverage constraint that limits how much they can borrow from
patient households. Second, there is a banking sector that funds both
households and entrepreneurs. However, the banking sector faces a
leverage constraint that makes the net worth of the banking sector
relevant for aggregate credit supply.

With the addition of the above ingredients, the models can
address the key policy question in a non-trivial way. Since impatient
households have higher marginal propensity to consume, tighter con-
straint on their spending can reduce aggregate demand if the econ-
omy is unable to stimulate additional demand due to interest rates
stuck at the zero lower bound. In such a situation, “redistributive
policy” can expand total output by expanding demand. For example,
a transfer from the patient to the impatient households in the form
of “debt relief” raises aggregate demand due to the above-mentioned
higher MPC for impatient households in the presence of zero lower
bound. In fact, the paper points out a second important advantage
of expanding demand, namely its positive impact on inflation. When
the nominal interest rate is stuck at zero, any increase in expected
inflation is helpful, as it lowers the real rate and brings the economy
closer to its natural rate of interest.

The model weighs the positive gains from household debt relief
due to the above forces against the potential gain from injecting
new capital into banks. For example, instead of transferring funds
from patient households to impatient households in the form of debt
relief, we can transfer funds from patient households to banks in the
form of capital injection. An increase in bank capital helps to lower
spread. This raises investment and also enables impatient households
to borrow more at lower rates, thus boosting demand. However, the
expansion in investment credit to entrepreneurs expands supply and
hence is fundamentally deflationary in scope. This is the key effect
that makes bank capital intervention relatively less attractive in a
zero lower bound environment: the economy needs higher inflation
expectations, and a deflationary shock is not helpful in achieving
that goal.
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The model thus operates by translating household debt relief
into an outward expansion of the aggregate demand curve, which
is inflationary in nature. On the other hand, bank capital injection
translates into an expansion of the aggregate supply curve, which is
deflationary in nature. This asymmetric effect is key to understand-
ing the main result of the paper. When the source of the recession
is a fall in aggregate demand due to household debt overhang, the
economy is in a deflationary cycle with interest rate at the zero lower
bound. In such a scenario, policy that is inflationary in nature has
a stronger multiplier—in the paper’s calibration, the effect is three
times as large in the short run. This effect is specific to a ZLB world
and does not exist otherwise due to the Taylor rule counteracting
any effect on inflation.

2. Empirical Relevance

The paper builds a nice intuitive model to make the case for house-
hold debt relief in a demand-constrained economy. However, how
realistic are the model’s assumptions and quantitative predictions—
especially with reference to the 2008 financial and economic crisis? I
discuss two of the model’s assumptions, (i) regarding heterogeneity
in consumer preferences, and (ii) regarding assumed deviation from
steady state. I then discuss the empirical relevance for the key pre-
diction that household debt relief would lead to strong consumption
response from indebted households.

The first key assumption of the model is a persistent and quan-
titatively important difference in marginal propensity to consume
across households in the economy. This, by now, should be an uncon-
troversial assumption. There are a number of careful empirical stud-
ies that document strong differences in marginal propensity to con-
sume and marginal propensity to borrow out of financial shock.
Mian, Rao, and Sufi (2013) estimate large differences in marginal
propensity to consume out of wealth shocks, with poorer households
and households with high leverage having much stronger MPC out
of wealth. Mian and Sufi (2011) show that homeowners with lower
credit scores and homeowners with liquidity constraints borrow sig-
nificantly more for a dollar increase in house price relative to the rest
of the population. Agarwal et al. (2015) document that individuals
with low credit scores respond much more strongly to an increase in
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Figure 1. Consumption-to-Income Ratio over Time

credit limit, for borrowing as well as spending. Parker et al. (2013)
estimate that lower-income households and liquidity-constrained
households respond much more aggressively to fiscal stimulus checks.

A second assumption of the model is that the economy is in a
steady state when the adverse shock hits. This is a natural and rea-
sonable assumption. However, to the extent we want to apply the
model to the 2008 recession, it is important to highlight that the
economy on the eve of the crisis was not in “steady state.” In par-
ticular, credit dynamics leading up to 2007 may themselves reflect
deviation from the norm. This can be seen in figure 1, which plots
the ratio of consumption to disposable income over time. The data
for this figure come from Pistaferri (2016).

The consumption-to-income ratio on the eve of the crisis was
at a post-war high, having risen significantly in the preceding two
decades. At the same time, household leverage was also at an all-time
high, having undergone a rapid acceleration in the decade before.
The two figures are likely related. As has been shown in prior work,
many homeowners borrowed aggressively against the rising value of
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their homes in the 2000s. Such borrowing is likely to provide a short-
term boost to consumption. There is thus a close empirical relation-
ship between the peak in the ratio of consumption to disposable
income in 2006 and the peak in household leverage to GDP around
the same time. If the consumption-to-income ratio tends to revert to
its longer-term mean, then we would naturally expect consumption
growth to slow down relative to income post-2008 crisis.

Thus there may be additional forces in the background that make
it difficult to sustain the level of consumption relative to disposable
income seen in 2006. For example, if the higher consumption-to-
income level was sustained due to the high credit growth during the
2000s, the ratio will naturally need to come down as the economy
settles into a more normal flow of credit creation. Such an adjust-
ment would create an additional headwind for consumption growth
going forward. I suspect that if we take such additional forces into
account, the positive impact of debt relief due to its inflationary
pressure may be even further enhanced. We could benefit from such
an analysis in the paper.

A key prediction of the model’s framework is that debt relief leads
to an increase in consumption for the indebted consumer. This fol-
lows naturally from the assumption of heterogeneity in MPC already
discussed above. However, from an empirical standpoint, heterogene-
ity in MPC with respect to income or other financial shocks does
not necessarily mean that households respond symmetrically to a
write-down in debt balance as well. There is an increasing empirical
literature that helps illuminate this issue.

Di Maggio, Kermani, and Ramcharan (2014) and Keys et al.
(2014) design a natural experiment that exploits predetermined dif-
ferences in the timing of when mortgage interest rates get set to a
lower amount as monetary policy relaxes in the aftermath of the
2007–08 crisis. The authors show that households that receive a
lower mortgage interest rate are less likely to default and also use
that net cash saving to boost spending. However, cash flow con-
straints are important in understanding these results. Ganong and
Noel (2016) use another natural experiment that explores debt write-
down for “underwater” homeowners. The authors show that house-
holds experiencing a write-down on principal payment alone, with-
out a reduction in cash payment due to the lender, does not result
in a spending increase. Thus the combined evidence suggests that
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interest burden relief is essential to benefit in terms of spending gain.
Otherwise, individuals may be too cash flow constrained to benefit
from a pure principal write-down. These details are important when
quantitatively assessing the model’s implications.

3. Model Extension

An important conceptual insight in the paper is that government
intervention in financial markets can affect either the aggregate
demand or the aggregate supply side of the economy depending on
the nature of government intervention. This difference makes the
nature of government intervention important, since a policy that
expands demand is inflationary and hence more helpful in situations
that suffer from liquidity trap. A related insight is also present in
Bahadir and Gumus (2016), who explicitly model the household and
firm sectors separately.

A policy shock in the Bahadir and Gumus (2016) paper is infla-
tionary if it primarily expands the household sector and hence aggre-
gate demand. However, a similar shock affecting the firm sector is
deflationary, as its primary impact is on expanding aggregate sup-
ply. An advantage of the Bahadir and Gumus (2016) approach is
that one can generate further empirical predictions to test whether
a particular policy shock largely worked through the demand side
or the supply side.

Mian, Sufi, and Verner (2017) introduce a tradable and non-
tradable sector in the economy that otherwise looks similar to the
Bahadir and Gumus (2016) approach. We show in that paper that
credit supply shocks that boost household demand will tend to raise
employment in the non-tradable sector relative to the tradable sec-
tor. At the same time, higher demand will push up the prices of local
non-tradable goods. In contrast, credit supply shocks that expand
tradable or non-tradable firms’ labor productivity do not make this
joint prediction.

We can thus use data on exployment and prices at the tradable
and non-tradable sector level to understand whether a given shock
operated through the firm side of households. The empirical results
in Mian, Sufi, and Verner (2017) suggest that credit shocks during
the 1980s primarily worked through the household sector by affecting
aggregate demand.
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The broader comment I want to make here is that the author can
look at tradable and non-tradable sectors separately to tease apart
the true relevance of the mechanisms highlighted in the paper.

4. Conclusion

Overall, this is an excellent paper that makes the important point
that policies focused on debt relief, or lower mortgage payment,
have a more stimulative effect than policies focused on bank cap-
ital injection when the source of crisis is insufficient demand. The
key “multiplier” is driven by the inflationary impact of providing
debt relief to highly indebted households. Future extensions of the
paper can benefit from incorporating more of the empirical insights
in the literature, and can enrich theory further by separating the
tradable and non-tradable sectors. Doing so delivers a new set of
predictions that can then be taken to data in subsequent work.
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I discuss the role of debt in financial crises and macro-
prudential tools to manage debt. A principal conclusion is
that changes in mortgage contract designs, an ex ante measure
aimed at the household sector, can deliver significant welfare
benefits.
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The papers by Griss, Krogstrup, and Schumacher; Yoo; and
Bahaj and Foulis (all in this issue) study macroprudential policy
tools to improve financial stability. The policies include ex post tools
in response to financial crises and ex ante tools to reduce the like-
lihood and severity of a crisis. Griss, Krogstrup, and Schumacher
examine an ex post tool, studying the effective lower bound on mon-
etary policy. Yoo also studies ex post policies, seeking to quantify
the macroeconomic benefits of household debt relief relative to bank
capital injections during a crisis. Bahaj and Foulis examine ex ante
macroprudential policies and the role of uncertainty regarding the
efficacy of macroprudential policy tools in designing optimal policy.

My comments highlight the role of debt in financial crises and
macroprudential tools to manage debt. I discuss ex ante and ex post
tools, uncertainty over policy outcomes, and the distinction between
debt relief to the household sector and the financial sector. A prin-
cipal conclusion is that changes in mortgage contract designs, an ex
ante measure aimed at the household sector, can deliver significant
welfare benefits.
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1. 1998 versus 2008

Figure 1 graphs the evolution of the Gilchrist-Zakrajsek spread (GZ
spread, from Gilchrist and Zakrajsek 2012) and the three-month
commercial paper to three-month Treasury-bill spread over two
financial crises. The top panel spans January 1998 to June 1999,
including the hedge fund crisis of the fall of 1998. The bottom panel
graphs these spreads from January 2007 to July 2008, a period that
covers part of the 2007–09 financial crisis.

In both events, spreads rise sharply, reflecting a flight to liquidity
and safety as well as increased concerns regarding a recession and
default risks. But in October 1998, the spreads begin to fall, coinci-
dent with the Federal Reserve’s interventions (see Scholes 2000). In
the 2007–09 crisis, the spreads continue to rise through this entire
period, peaking in the fall of 2008. What distinguishes these events?
Why in 1998 did the financial disruption as reflected in asset markets
dissipate with no real U.S. macroeconomic consequences?

2. Debt Is the Source of Vulnerability

Debt is the economic channel connecting financial distress with the
real economic outcomes. There is a significant debt buildup prior to
2007 and virtually no debt buildup prior to 1998. Figure 2 graphs the
aggregate quantity of short-term debt liabilities of the financial sec-
tor, normalized by GDP, over the period from 1990 to 2014. The data
is taken from Krishnamurthy and Vissing-Jorgensen (2015), who dis-
cuss the data construction. While the data in figure 2 measure bank
debt, there is also a dramatic rise in household indebtedness ahead
of the 2008 event (Mian and Sufi 2015).

This comparison speaks to a more general pattern. Jordà, Schu-
larick, and Taylor (2013) document from many historical episodes
of crises around the world that sharp increases in the credit-to-GDP
ratio (primarily bank credit outstanding) increase the likelihood and
severity of a financial crisis. Krishnamurthy and Muir (2016) exam-
ine the behavior of output, credit, and credit spreads in an interna-
tional panel of crises episodes, covering fourteen countries and going
back to 1869. In this sample, they trace out the path of GDP declines
following a large increase in spreads. Conditioning only on a large
increase in spreads, they show that expected output declines. This
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Figure 1. Crises and Spreads

Sources: Simon Gilchrist’s webpage and the Federal Reserve.
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Figure 2. Short-Term Bank Debt

Source: Krishnamurthy and Vissing-Jorgensen (2015).

finding confirms results from the literature on the forecasting power
of credit spreads for economic activity (see Gilchrist and Zakrajsek
2012 for U.S. evidence). Conditioning on both a large increase in
spreads and high debt levels, expected output declines are much
more severe, roughly double that with mean debt levels. In short,
the 1998 versus 2008 comparison embodies a general principle that
debt is the vulnerability factor.

While there is a growing literature confirming these findings on
the role of debt, many important questions remain. Is the vulner-
ability due to all maturities of debt, or primarily short-term debt
as suggested by the banking literature? Does the collateral back-
ing the debt (e.g., real estate versus cars) matter? Pertinent to
the analysis of Yoo, the literature has also not quantified the rela-
tive importance of non-financial-sector indebtedness versus financial-
sector indebtedness.

Managing and preventing crises is about managing the buildup
of debt pre-crisis and offsetting the effect of debt overhang in a crisis.
This is the post-crisis consensus as reflected in regulatory changes
around the world. I next describe the toolkit that governments have
used to offset debt overhang and the regulatory reforms designed to
prevent debt buildup.
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3. Ex Post Policies to Offset the Drag
from High Debt Levels

Governments around the world employ similar tools to deal with
high debt levels in a crisis. Central banks provide liquidity to the
financial sector to minimize funding disruptions and forestall rollover
risk. The discount window in all its incarnations was active in the
financial crisis both in the United States and around the world.
Policy interventions to recapitalize the financial sector with equity
sought to reduce the negative effects of debt on the financial sec-
tor’s activity. Such legislative policy faced a higher hurdle than cen-
tral bank liquidity provision. The challenges in passing and then
implementing the Troubled Asset Relief Program (TARP) have been
well chronicled by many of the key actors in the U.S. financial
crisis.

Relative to the institutions and policies to manage financial-
sector debt, policies that targeted household debt have been far
harder to implement. The Federal Reserve’s purchases of mortgage-
backed securities reduced mortgage rates, but only borrowers with
low loan-to-value (LTV) ratios could refinance their mortgages to
gain the payment relief from these policies. The Home Afford-
able Modification Program (HAMP), which was introduced in 2009,
aimed to incentivize lenders to renegotiate residential mortgages.
But it reached only one-third of eligible borrowers. Moreover,
the incidence of renegotiation was driven by intermediary, rather
than borrower-specific, factors. In short, given banks’ own finan-
cial stresses, only some banks rolled out HAMP. The government’s
other main mortgage restructuring program, the Home Affordable
Refinance Program (HARP), also had mixed success. While HARP
was initiated in 2009, takeup was low until about 2012, when the
program was modified to include high-LTV loans. Moreover, as with
HAMP, intermediary-specific factors dampened the impact of the
program. These points are documented in two excellent papers by
Agarwal et al. (2015, 2016).

Ex post policies aimed at the financial-sector debt problem were
much easier to implement than those targeting the household-sector
debt problem. Next, consider ex ante policies.
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4. Ex Ante Policies

Among both regulators and academics, the post-crisis consensus is
that the financial sector should be funded with more equity and
less debt. Central to this new financial system are greater capital
requirements, tighter leverage requirements, and increased liquidity
requirements (see Duffie 2016).

There has been much less done on the household debt front.
The Qualified Mortgage rule in the United States reduces payment-
to-income ratios on household mortgage debt. Around the world,
some financial regulators monitor household LTVs with the goal of
restricting high-LTV loans if such loans carry systemic risk.

Banks can satisfy higher capital requirements by raising exter-
nal equity capital from investors. However, since households do not
raise equity, macroprudential policies for household debt tend to
constrain credit access. For instance, LTV restrictions constrain
the total funding available to households, decreasing household
expenditures.

Innovative mortgage designs that are more equity-like are an
alternative solution to reduce the negative effects of household debt,
with smaller effects on credit access. But the U.S. mortgage market
is still dominated by a standard fixed-rate mortgage.

Surprisingly—because they are likely not needed—innovative
security designs have been used by the financial sector to avoid rais-
ing common equity. Since the crisis, banks have issued contingent
convertible securities as well as subordinated debt. In principle, such
securities will convert from debt to equity in the event of distress of
a financial firm, and thus increase the total loss-absorbing capacity
of a bank. However, there are questions about the welfare bene-
fits from these novel contract designs. Admati and Hellwig (2013)
have argued, persuasively in my view, that regulators would bet-
ter achieve their financial stability objectives by focusing purely on
common equity rather than chasing new contract designs.

Innovative mortgage contracts, in contrast, can deliver signifi-
cant macroeconomic benefits. To illustrate, consider the experiences
of households with adjustable-rate mortgages (ARMs) during the
financial crisis. Fuster and Willen (2013) track a set of borrowers
with ARMs over the period from 2009 onwards. Since interest rates
tend to fall during recessions, mortgage payments of borrowers fall
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considerably when their ARMs reset. Fuster and Willen compare
different cohorts of ARM borrowers whose rates reset at slightly dif-
ferent calendar times. They show that default and delinquency falls
dramatically at the time of the reset for the borrowers receiving
the reset compared with the control group of borrowers who receive
the reset later. Di Maggio, Kermani, and Ramcharan (2016) docu-
ment beneficial effects on consumption and debt payments for ARM
borrowers with rate resets. These studies reveal the scope for mort-
gage design, and how alternative designs can beneficially reduce the
negative effects of high mortgage debt.

The ARM example is a case of a mortgage design that involves
state contingency in payments relative to the standard non-state-
contingent fixed-rate mortgage. Mortgage payments were lower in
the crisis, since interest rates were positively correlated with house-
hold income. There are other forms of state contingency that may
also be beneficial. Eberly and Krishnamurthy (2014) propose a mort-
gage with features of both ARMs and fixed-rate mortgages. Their
mortgage is a fixed-rate mortgage with the option to convert to an
ARM, or prepay. This small variant on the standard design retains
state contingency in payments through the option to convert to an
ARM. Guren, Krishnamurthy, and McQuade (2016) study this and
other mortgage designs in a general equilibrium model that quanti-
fies the utility to benefits to households of more state contingency in
mortgage contracts. Finally, Mian and Sufi (2015) have advocated
for indexation of mortgage principal to a local house price index.
Such a design can also reduce the negative effects of housing debt.

5. Summary

Macroprudential policies aimed at crisis prevention and crisis man-
agement are primarily about managing the financial-sector and
household debt cycles. I posit that minimal innovations to mort-
gage contracts that create state contingency can deliver considerable
social benefits. I reach this conclusion because ex post tools to deal
with household mortgage debt are few and face practical implemen-
tation challenges. That is, improved mortgage designs are practically
the only macroprudential approach to deal with the real economic
costs of high levels of household-sector debt. In contrast, the insti-
tutional design of central banks as well as the significant impetus
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underlying post-crisis regulatory reforms provide macroprudential
tools to manage financial-sector debt.
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This paper analyzes the cost-benefit trade-off of leaning
against the wind (LAW) in monetary policy. Our starting point
is a New Keynesian regime-switching model where the econ-
omy can be in a normal state or in a crisis state. The setup
enables us to weigh benefits against costs for different system-
atic LAW policies. We find that the benefits of LAW in terms
of a lower frequency of severe financial recessions exceed costs
in terms of higher volatility in normal times when the severity
of a crisis is endogenous (when “credit bites back”). Our qual-
itative results are robust to alternative specifications for the
probability of a crisis. Our results hinge on the endogeneity of
crisis severity. When the severity of a crisis is exogenous, we
find that, if anything, it is optimal to lean with the wind.

JEL Codes: E12, E52, G01.

1. Introduction

Since the global financial crisis, attention has been devoted to poli-
cies that promote financial stability. Empirical literature has found
that periods of high credit growth can lead to deeper and more
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protracted recessions, i.e., “credit bites back” (Jordà, Schularick,
and Taylor 2013). Macroprudential policy measures have been intro-
duced in many countries to prevent and mitigate systemic risks
related to high growth in credit and asset prices, and can be con-
sidered the first line of defense against financial instability since
such tools can be both more granular and targeted to the source
of risk. However, there is great uncertainty regarding the effective-
ness of macroprudential policy tools and the appropriateness of legal
frameworks. Monetary policy can still play a powerful role by “lean-
ing against the wind” (LAW), as it is transmitted more broadly to
all sectors in the economy and also to shadow banks1; see Smets
(2014) for a broader discussion.

Financial crises are rare events and have historically occurred
every fifteen to twenty years on average; see Taylor (2015). LAW
policies can potentially lead to a loss of central bank credibility since
such events are hard to predict. Justifying tight monetary policy can
be difficult since we cannot observe the possible gains in terms of
a lower frequency and severity of crises. If interest rates are sys-
tematically kept higher than those implied by price stability, infla-
tion expectations can fall and the inflation-targeting regime could
lose credibility. Many authors have furthermore shown that with
long-term debt contracts, raising monetary policy rates to reduce
the credit-to-GDP level can have perverse effects since GDP growth
falls faster and stronger than credit; see Svensson (2014) and Gelain,
Lansing, and Natvik (2015). However, gains can be high if leaning
against excessive financial stability risks can reduce the probabil-
ity and severity of crises longer down the road. The recent finan-
cial crisis showed that monetary policy, or economic policy in gen-
eral, has limitations when it comes to cleaning up after a crisis has
occurred.

This paper will investigate to what extent monetary policy
should react to financial stability risks and deviate from the pol-
icy it would have chosen in the absence of such risks. The ques-
tion of LAW is only relevant insofar as financial stability risk and

1Or “it gets in all of the cracks,” as Jeremy Stein put it in a speech at the
“Restoring Household Financial Stability after the Great Recession: Why House-
hold Balance Sheets Matter,” a research symposium sponsored by the Federal
Reserve Bank of St. Louis, February 7, 2013.
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inflation are not perfectly correlated. Negative shocks to inflation
may give rise to a trade-off in monetary policy because bringing
inflation back to target may have to be achieved at the expense of
a buildup of financial imbalances. Small open economies are faced
with such trade-offs when international interest rates fall, and the
central bank has to reduce domestic interest rates to reduce the
degree of currency appreciation and lower imported inflation. The
open-economy dimension also gives rise to a trade-off between sta-
bilizing inflation and output when the economy is hit by a shock to
aggregate demand (no divine coincidence between stabilizing infla-
tion and output). This means that a central bank cannot clean up
after a crisis has erupted by reducing interest rates without paying
attention to inflation. For the setup to be relevant for small open
economies, we use the estimated model of Justiniano and Preston
(2010a) as the core model.

In our framework, LAW is motivated by agents underestimat-
ing financial stability risks. When aggregate credit is accumulated
in the economy, agents do not incorporate the risk this poses to
economic developments. We introduce regime switching into an oth-
erwise standard open-economy New Keynesian model. This proce-
dure enables us to analyze economic developments for an economy
that occasionally experiences financial headwinds using a relatively
parsimonious model. While the financial system and its interaction
with economic developments is extremely complex, we simplify the
mechanisms to highlight some important policy trade-offs. We model
credit developments as a separate block “outside” the core model.
Credit, which will serve as a proxy for financial imbalances in the
model, only affects the probability of a crisis and the severity of a
crisis and does not affect economic developments in normal times.
Parameters controlling the probability of crises and the severity
of financial recessions are calibrated based on a sample of OECD
countries.

When the economy makes the transition from a normal regime
to a crisis regime, aggregate demand is reduced abruptly. The mech-
anisms behind this aggregate demand shock can be numerous. In
Cúrdia and Woodford (2009, 2010) and Woodford (2012) a similar
term can be interpreted as credit spreads, the difference in equilib-
rium yield between long-term bonds issued by risky private borrow-
ers and those issued by the government. Higher credit spreads make
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financial conditions worse for borrowers, reducing overall welfare.
Aggregate demand can also fall as a result of strained balance sheets.
When leverage is high, households, non-financial companies, and
financial institutions are at higher risk of defaulting. When agents
try to de-lever, assets may be sold at fire-sale prices, creating debt-
deflation type spirals; see, e.g., Lorenzoni (2008), Bianchi (2011),
and Bianchi and Mendoza (2013). Consumers reduce consumption
in order to strengthen their balance sheets; see Mian and Sufi (2011)
and Dynan (2012). The underlying idea is the same as in Woodford
(2012):

The idea of the positive dependence on leverage is that the
more highly levered financial institutions are, the smaller the
unexpected decline in asset values required to tip institutions
into insolvency—or into a situation where there may be doubts
about their solvency—and hence the smaller the exogenous
shock required to trigger a crisis. Given some distribution func-
tion for the exogenous shocks, the lower the threshold for a
shock to trigger a crisis, the larger the probability that a crisis
will occur over a given time interval.

This paper is close in spirit to Ajello et al. (2015). They study the
intertemporal trade-off between stabilizing current real activity and
inflation in normal times and mitigating the possibility of a future
financial crisis within a simple New Keynesian model with two states
and an endogenously time-varying crisis probability. While they use
a two-period setup, we use an infinite time horizon. Using a longer
horizon can reduce the benefits of leaning, since credit growth even-
tually picks up after a monetary policy tightening aimed at miti-
gating financial stability risk. This point has been highlighted by
Svensson (2016) and reflects that real credit, which determines the
probability of a crisis, is assumed to return to a specific steady-state
level in his application. We calibrate the effect of an interest rate
increase on credit growth to reflect SVAR evidence for Norway. Like
Ajello et al. (2015), we assume that the crisis probability is a func-
tion of credit growth over a five-year period. We follow Alpanda
and Ueberfeldt (2016), Pescatori and Laséen (2016), and Svensson
(2016) in assuming that a crisis can occur at any point in time.
Unlike Ajello et al. (2015) and Alpanda and Ueberfeldt (2016), we
assume that the crisis severity is endogenous. This will increase the
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benefit of leaning in monetary policy. Similar to Ajello et al. (2015),
we will assume that private agents underestimate the probability of
a crisis. This is in contrast to Alpanda and Ueberfeldt (2016), where
agents are rational and perceive aggregate risks correctly, but not
their own contribution to that risk.

We contribute to the literature by investigating systematic LAW
policies. We find that the benefits of LAW in terms of a lower fre-
quency of severe financial recessions exceed costs in terms of higher
volatility in normal times when the severity of crisis is endogenous
(when “credit bites back”). The LAW policy can be implemented
by responding relatively more to fluctuations in output and/or by
responding directly to household credit growth. Compared with a
policy that does not take into account that a crisis can happen, a
“benign neglect” policy, the LAW policy contributes to a lower loss
and reduced tail risk in the economy. The costs are paid in terms
of higher inflation volatility. Our qualitative results are robust to
alternative calibrations of the probability of crisis. If, however, the
severity of crisis is exogenous, or the effect of credit on crisis severity
is very small, the optimal response is to lean with the wind. This
nests the results found in the literature, e.g., Ajello et al. (2015),
Alpanda and Ueberfeldt (2016), Pescatori and Laséen (2016), and
Svensson (2016), who find no (or very small) net benefits of LAW
policies, and typically assume either no or a very small effect from
credit to crisis severity.

The rest of the paper is organized as follows. We begin by estab-
lishing empirical evidence to inform us about the link between credit
and crisis probability and severity in section 2. This is used when
we set up a model for analyzing LAW (section 3) and calibrating
it (section 4). In section 5 we present some properties of the cali-
brated model, while the results of our LAW analysis are in section
6. We end with a section on sensitivity (section 7) and conclusions
(section 8).

2. Can LAW Policies Make Sense?

We interpret LAW as monetary policy adjustments where the cen-
tral bank reacts to financial stability risks and deviates from the
policy it would have chosen in the absence of such risks. Two central
assumptions must be fulfilled for LAW to be able to bring benefits.



292 International Journal of Central Banking September 2017

Table 1. Estimated Effects of a Monetary Policy Shock on
Real Credit in VAR Studies

Peak Effect of
Paper Country MP Shock (%)

Goodhart and Hofmann (2008)a Panel Approx. −1.25
Assenmacher-Wesche and Gerlach (2008)b Panel Approx. −0.8
Musso, Neri, and Stracca (2011)c US Approx. −3
Musso, Neri, and Stracca (2011)c EA Approx. −2
Laséen and Strid (2013)c SWE Approx. −0.8
Robstad (2014)c NOR Approx. −0.8
Pescatori and Laséen (2016)c CAN Approx. −0.8

aBased on bank loans to the private sector.
bBased on total loans to private non-bank residents.
cBased on credit to households.

First, monetary policy must be able to affect the relevant financial
variables. Second, financial crises cannot be purely exogenous events.
The probability of a crisis and/or the severity of a crisis must be
linked to financial imbalances. In this section, we evaluate to what
extent these necessary conditions are fulfilled, both based on the
existing empirical literature and estimates based on a sample of
twenty OECD countries. In our setup, we use the five-year growth
rate in real household credit as a measure of financial imbalances
(similar to, e.g., Ajello et al. 2015).

2.1 The Effect of Monetary Policy on Credit

The empirical literature has established a clear link from monetary
policy to credit. Table 1 provides an overview of VAR estimates of
the peak effect on the level of real credit following a 1 percentage
point increase in the nominal interest rate.

The peak effect of monetary policy on real credit is similar in
magnitude across the different studies. This indicates that mone-
tary policy may play a role in affecting credit developments. Papers
focusing on (small) open economies (e.g., Laséen and Strid 2013,
Robstad 2014, and Pescatori and Laséen 2016) suggest that the peak
effect on real household credit following a monetary policy shock that
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raises the nominal interest rate by 1 percentage point is around 0.8
percent. The effect is estimated to be larger when considering the
United States or the euro area as a whole (Musso, Neri, and Stracca
2011). In our paper, we will make use of the estimates in Robstad
(2014), which are in the lower end of the estimates.

2.2 The Effect of Credit on the Probability of a Crisis

There is a general consensus in the literature that excessive credit
accumulation is one of the main drivers of financial crisis (see, e.g.,
Reinhart and Rogoff 2008, Schularick and Taylor 2012, Anundsen et
al. 2016, and Jordà, Schularick, and Taylor 2016). We estimate the
probability of a crisis based on a panel of twenty OECD countries
over the period 1975:Q1–2014:Q2.2 These are the same data used in
Anundsen et al. (2016). In contrast to Anundsen et al. (2016), who
estimate the probability of being in a pre-crisis period, we reformu-
late the model and estimate the probability of a crisis start directly
(similar to, e.g., Schularick and Taylor 2012). Our dependent vari-
able takes the value of 1 if there was a crisis start in country i at
quarter t and zero otherwise.3 The probability of a crisis start is
assumed to depend on the five-year growth in real household credit
(L). Using the logit specification, the probability of a crisis start in
country i in quarter t is given by

pi,t =
exp(μi + μLLi,t)

1 + exp(μi + μLLi,t)
, (1)

where μi are country fixed effects and μL is the coefficient on the
cumulative credit growth. The estimates we get are shown in table 2.

The estimates suggest that the steady-state (annual) probability
of a crisis is approximately 3.3 percent. Further, there is a posi-
tive effect of credit growth on the probability of a crisis. A plot of
the estimated logit function as a function of cumulative real credit
growth can be found in figure 8.

2Countries included are Australia, Austria, Belgium, Canada, Denmark, Fin-
land, France, Germany, Greece, Italy, Japan, Korea, Netherlands, Norway, Por-
tugal, Spain, Sweden, Switzerland, the United Kingdom, and the United States.

3To avoid post-crisis biases, as discussed in, e.g., Bussiere and Fratzscher
(2006), we omit observations for when a given country was in a crisis.
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Table 2. Estimated Parameters in the Logit Model

(1)

Five-Year Real Credit Growth 2.232∗∗

(1.099)
Constant −4.792∗∗∗

(1.026)
Country Fixed Effects Yes

Pseudo R-Squared 0.0424
AUROC 0.725
Observations 1,832

Note: Clustered standard errors are reported in parentheses below the point esti-
mates, and the asterisks denote significance levels: ∗ = 10 percent, ∗∗ = 5 percent,
and ∗∗∗ = 1 percent.

2.3 The Effect of Credit on the Severity of a Crisis

The empirical literature has found that credit accumulation in a
boom is important for economic activity during the bust (see, e.g.,
Jordà, Schularick, and Taylor 2013, 2016 and Hansen and Torstensen
2016). In our framework we are interested in how credit accumula-
tion in the boom affects the path for the output gap during busts.
To this end, we use local projection methods (Jordà 2005) to esti-
mate how the five-year growth in real household credit affects the
path for the unemployment rate during a financial crisis. We add the
unemployment rate to the data used in Anundsen et al. (2016).4 To
keep things simple, we estimate paths only for the unemployment
rate during financial recessions (defined as recessions that coincide
with a financial crisis within a two-year window).5 The correspond-
ing effects on the output gap are then calculated based on Okun’s
law.

4Data on unemployment rates were gathered from FRED (Federal Reserve
Economic Data). To get as long quarterly series on unemployment rates as possi-
ble, the definition of the unemployment rate differs somewhat between countries.
For some countries, registered unemployment was used; for others, we have used
harmonized rates. Some include the entire population, while some include only
the working-age population.

5Recession dates are based on Hansen and Torstensen (2016).
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Figure 1. Change in Unemployment Rate from the Start
of the Crisis (percentage points)
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Notes: The solid line is the path for the unemployment rate conditional on the
five-year growth in household real credit at the peak of financial recessions. The
dashed line illustrates the path when the five-year growth in real household credit
is one standard deviation higher at the peak.

Figure 1 and table 3 show the local projection results for the
unemployment rate during a financial crisis conditional on pre-crisis
cumulative credit growth. In figure 1, the solid black line shows the
increase in unemployment during a financial crisis conditional on the
average five-year growth in real credit at the peak of the cycle. The
dashed line shows the corresponding path for the unemployment rate
when the five-year growth in household real credit is one standard
deviation higher at the peak.6 The increase in the unemployment
rate during a crisis is both higher and more protracted in this case.
The difference between the two paths is also significant; see table
3. Our results are in line with the results in Jordà, Schularick, and
Taylor (2013) and suggest that “credit bites back.”7

6The average cumulative growth in real household credit at the peak is 11
percent in the data. The standard deviation is about 17 percent.

7The magnitude of this effect is, naturally, uncertain. Estimates may differ
depending on the number of countries analyzed, the sample period, and the empir-
ical approach used. For example, Jordà, Schularick, and Taylor (2016) document
that the buildup of mortgage credit in the boom has become more important for
real economic activity during recessions post–World War II.
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3. Model for Analyzing LAW

The previous section shows that LAW may bring benefits: monetary
policy can affect credit, and credit has an impact on both the prob-
ability and the severity of a financial crisis. We therefore introduce
a parsimonious framework in order to analyze to what extent mone-
tary policy should conduct LAW policies within a flexible inflation-
targeting regime. To achieve this, we add the possibility of large
shocks (interpreted as financial stress) to household consumption
demand controlled by a Markov process in an otherwise standard
New Keynesian open-economy model. In line with the empirical evi-
dence in the previous section, we will make both the probability and
the severity of crises endogenous.

3.1 Core Model

As our core model, we will use the small open-economy model in
Justiniano and Preston (2010a). The model builds on Gaĺı and
Monacelli (2005), Monacelli (2005), and Justiniano and Preston
(2010b) and allows for habit formation, indexation of prices,
labor market imperfections, and incomplete markets. The reader is
referred to Justiniano and Preston (2010a, 2010b) for a detailed
description of the model.

3.2 Financial Imbalances

Credit developments play no role in the model of Justiniano and
Preston (2010a). Credit is, however, a key variable in our framework,
so we add it alongside the core model.

Credit is meant to proxy for financial imbalances, and it will
serve two purposes: it will determine endogenously (i) the probability
and (ii) the severity of a financial crisis. We will assume that credit
is “frictionless” in normal times, which means that there are no
direct feedback effects from developments in credit to real economic
activity in normal times.

Following Ajello et al. (2015), we let the five-year growth rate in
real household credit represent the level of financial imbalances in
the model. We denote it Lt, and it is given by
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Lt =
19∑

s=0

(Δcrt−s − πt−s), (2)

where Δcrt is household credit growth and πt is the inflation rate.
We assume that the growth rate in household credit depends on

a vector of endogenous variables (Xt):

Δcrt = ωXXt + εΔcr,t, (3)

where ωX is a vector of parameters. εΔcr,t captures shocks to credit.

3.3 Financial Crises

We introduce the possibility of financial crises in the model through
Markov switching. A financial crisis is here interpreted as a large,
but low-probability, shock to domestic consumption demand. More
formally, let ε̂g,t be a shock in the consumption Euler equation (see
Justiniano and Preston 2010a for derivations):

ct − hct−1 = Et(ct+1 − hct) − σ−1(1 − h)(it − Etπt+1)

+ σ−1(ε̂g,t − Etε̂g,t+1), (4)

where ct is consumption and it is the nominal interest rate. The
parameter σ > 0 is the intertemporal elasticity of substitution and
h ≥ 0 measures the degree of habit in consumption. We will assume
that the demand shock consists of two elements: ε̂g,t = εg,t − zt.
εg,t is a standard autoregressive demand shock, while zt represents
a financial shock:

zt = ρzzt−1 + Ωκt. (5)

The parameter Ω is controlled by a Markov process. In normal times,
Ω = 0 and zt = 0. In crisis times, Ω = 1 and the crisis impulse κt

matters for aggregate demand. The crisis impulse is modeled as a
function of financial imbalances (Lt):

κt = (1 − Ω)(γ + γLLt) + ρκΩκt−1. (6)
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The parameter γ controls a constant effect on output during a cri-
sis, while the parameter γL controls the effect of the initial level of
financial imbalances on the severity of a crisis. When the economy
is in normal times (Ω = 0), the first term on the right-hand side in
equation (6) measures the potential size of the crisis shock, which
depends endogenously on developments in financial imbalances (Lt).
The probability of switching from normal times to the crisis regime
is endogenous and given by pC,t, defined as

pC,t =
exp[μ + μLLt]

1 + exp[μ + μLLt]
. (7)

The probability of returning to normal times is exogenous and equal
to pN .

3.4 Monetary Policy

The monetary authority has the following loss function:

W0 = E0

∞∑

t=0

βt(π2
t + λyy2

t + λi(it − it−1)2), (8)

where 0 < β < 1 is the household’s discount factor. λy and λi are the
weights on the output gap and the change in the nominal interest
rate (annualized), respectively.8 We set λy = 2/3 and λi = 1/4.9

We restrict the central bank’s interest rate policy to follow opti-
mal simple Taylor-type rules. The exact form of the rules will be
spelled out at the relevant stages.

4. Calibration

For calibration, we use the estimates of the parameter values in
Justiniano and Preston (2010a).10 Table 4 shows the calibrated

8Interest rate changes in the loss function are mainly included to make the
dynamics of the interest rate under the optimized policy rules more in line with
the interest dynamics under estimated Taylor rules. This term was not included
in Gerdrup et al. (2016).

9These weights have been used by Norges Bank (see, e.g., Norges Bank 2012).
10We have used the median of the posterior in table 2 in their paper.
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Table 4. Calibrated Parameters

Parameter Value Description

ωx 0.31 Effect of Output on Credit Growth
ωr −0.45 Effect of Real Interest Rate on Credit Growth
σΔcr 0.014 Standard Deviation of Credit Shock
ρΔcr 0.2 Persistence of Credit Shock
ρz 0.5 Persistence of Crisis Shock (zt)
ρk 0.8 Persistence in Crisis Impulse(κt)
γ 0.55 Exogenous Component in Crisis Severity
γL 1.75 Endogenous Component in Crisis Severity
μ −4.79 Constant Term in the Equation for pC,t

μL 2.23 Effect of Credit on pC,t

pN 0.125 Probability of Going from Crisis Regime to
Normal Times Regime

values for the remaining parameters in the model. This section
explains how these parameter values were chosen.

4.1 A “Benign Neglect” Policy Rule

In the baseline calibration, we consider an optimal simple rule based
on the assumption that crises never happen. That is, using the loss
function specified in equation (8), we search for the optimal sim-
ple rule in the original Justiniano and Preston (2010a) model.11 We
label this the “benign neglect” policy rule. It is restricted to take
the following form:

it = ρiit−1 + (1 − ρi)[θππt + θyyt] + εi,t, (9)

where εi,t is a monetary policy shock, 0 < ρi < 1 is the degree of
interest rate smoothing, and θπ and θy are the response coefficients
for inflation and output, respectively.

The optimal parameters in the benign neglect policy rule are
ρ = 0.89, θπ = 6.51, and θy = 1.35. The policy rule features a
high degree of interest rate smoothing, and the optimal response to

11To simplify, we consider the limiting case when β goes to unity, which trans-
forms the problem to a case where the policymaker minimizes the weighted sum
of variances in inflation, output, and interest rate changes.
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inflation is relatively higher than the response to output. This rule
will serve as a benchmark when we later evaluate policy rules that
take the risk of financial crises into account.12

4.2 Credit Dynamics

The quarterly rate of household credit growth is assumed to depend
on the output gap and the real interest rate. The effect of output
and the real interest rate on credit are calibrated in two steps. We
first calibrate the effect of output on credit by estimating a sim-
ple reduced-form equation for household credit growth.13 The point
estimate of the effect of the output gap on credit growth is reported
in table 4. Next, the effect of the real interest rate on credit growth
is calibrated to match the response of a monetary policy shock from
the structural VAR model in Robstad (2014),14 given the calibrated
effect of output on credit. This ensures that real credit declines about
0.7–0.8 percent in response to a monetary policy shock that raises
the nominal interest rate by 1 percentage point at impact.

The credit shock εΔcr,t in equation (3) is assumed to follow an
AR(1) process with standard deviation σΔcr and persistence ρΔcr.
We calibrate σΔcr and ρΔcr to match (i) the standard deviation in
household credit growth and (ii) the correlation between household
credit growth and output in Norway.15

4.3 The Probability of a Crisis

The probability of a transition from normal times to crisis times
(pC,t) is assumed to depend on the five-year real growth in household
credit (Lt) and is given by (7). We use the estimates documented in
section 2.2 to calibrate the parameters μ and μL. The probability

12The benign neglect rule can be thought of as how policymakers saw the world
prior to the global financial crisis from 2007/08.

13We regress household credit growth (C2 households) on the output gap (HP-
filtered real GDP for mainland Norway using λ = 3, 000). We estimate the model
with 2SLS using two lags of the output gap as instruments for the current output
gap.

14Figure 7 in this paper.
15The standard deviation of household credit growth and the correlation with

the output gap is empirically (in the model) 1.54 (1.54) and 0.33 (0.38), respec-
tively.
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of going from a crisis regime to normal times, pN , is assumed to be
exogenous and calibrated to give an average duration of crisis of two
years, requiring pN = 0.125.

4.4 The Severity of a Crisis

In order to calibrate the effect on the output gap in a crisis and how
it varies with the pre-crisis credit accumulation, we use the results
established in section 2.3. These results indicate that the unemploy-
ment rate on average increases by about 5 percentage points during
a crisis, while a one standard deviation higher credit accumulation
before the crisis increases the unemployment rate by 0.75 percentage
points the first two years of the crisis.

We use Okun’s law with a parameter of −2 to map the unem-
ployment rate to the output gap. Our results then suggest that the
average fall in the output gap during a crisis should be approxi-
mately 10 percentage points, while one standard deviation higher
credit accumulation before the crisis should make output fall by
about 1.5 percentage points more over the first two years of a crisis.
With a standard deviation in the five-year growth in real credit of
17 percent, this implies that output falls by 1.5/17 = 0.09 percent-
age points more on average during a crisis if the five-year growth
in real credit is 1 percentage point higher before the crisis, all else
equal. This is in line with the effects of Jordà, Schularick, and Taylor
(2013); see the discussion in Svensson (2016, appendix D).

To make the model match the empirical results, we perform local
projections on simulated data from the model. The parameters γ and
γL in equation (6) are then selected to match the results from the
empirical projections.16 The results are shown in figure 2.

16Since the output dynamics during a crisis in the model may differ from
the implied dynamics illustrated in figure 1, we match the average difference
between the output paths over horizon h = 1, . . . , H in order to capture that
the severity of a crisis is both deeper and more protracted when credit growth
is high in the boom preceding a crisis. Formally, we let yh and yL

h be the
implied output paths based on the local projection in figure 1 when credit
growth at the peak is on average and one standard deviation higher, respec-
tively, and we let ŷh and ŷL

h be the counterparts based on simulations of the
model. We choose γ and γL to minimize the following loss function: L(γ, γL) =
(minh yh −minh ŷh)2 + 1

H
(
∑H

h=1 (yL
h − yh)−

∑H
h=1 (ŷL

h − ŷh))2. We use H = 8 to
be consistent with the assumption of an average duration of crisis of two years.
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Figure 2. Output Dynamics during Crises in the Model
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Figure 2 shows that, in the model, the output gap falls by approx-
imately 10 percentage points during a crisis if the five-year real credit
growth prior to the crisis is at its average level. Compared with the
empirical results in figure 1, the model generates an output path
that returns relatively quickly to the pre-crisis level. The average
difference between the two paths illustrated in figure 2 is approxi-
mately 1.3 percent, somewhat lower than the calibration target of
1.5 percent.

5. Properties of the Calibrated Model

Before we turn to the analysis of policy rules that take the risk of a
financial crisis into account, it is useful to consider some properties
of the model under the benign neglect policy rule. We ask two ques-
tions. First, are there any potential benefits from LAW policies in
this economy? Second, how strong is the impact of monetary policy
on key variables?

To help answer the first question, table 5 shows statistics from
simulations of two versions of the model. First we simulate the
benchmark calibrated version, and then a version where crises never
happen. The latter simulation can be interpreted as the case where
macro stabilization policies have managed to remove crisis risk com-
pletely with no side effects to the rest of the economy.
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Table 5. Simulations under the Benign Neglect Policy
with and without the Possibility of Crises

If Crises
Benchmark Never Happen

Std. Annual Inflation 1.66 1.59
Std. Output Gap 2.16 1.67
Std. Interest Rate (Ann. %) 3.96 3.17
Std. Real Exchange Rate 8.43 8.19
Std. Credit Growth 1.64 1.58

Loss 100 79.10
Frequency of Crisis (Ann. %) 3.23 0.00

Note: Model standard deviations and the frequency of financial crises are computed
by generating 1,000 replications of length 1,000 quarters.

In the benchmark case, the average frequency of crises is about
3.2 percent. The volatility (measured by the standard deviation) of
the output gap is reduced by almost one-quarter when crises are
removed. The central bank loss is reduced by one-fifth. This implies
that crisis risk is an important source of losses for the central bank,
and worthy of further analysis. The next section analyzes whether
LAW policies can reap any of the benefits from lower crisis risk.

In order to shed light on the second question, we start by plotting
the impulse response function (IRF) for key variables to a monetary
policy shock; see figure 3.

A monetary policy tightening makes the output gap decline by
almost 0.4 percent. Inflation also falls, but it increases in later
periods due to the depreciation of the real exchange rate. The five-
year real credit growth declines gradually, and the response is much
more persistent than for the other variables. The peak impact is
at almost –0.8, which was reported as the calibration target in
section 4.2.

We also include the IRF for the probability of a crisis. Since this
is a non-linear function of credit, the IRF depends on the initial
situation of the economy when the monetary policy shock hits.17

17Here we have simulated the IRF from 50,000 model-generated initial states.
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Figure 3. Impulse Response Functions under a Benign
Neglect Policy Rule
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Naturally, the shape of the IRF for the crisis probability resembles
the shape of the IRF for the five-year real credit growth. An increase
in the policy rate by 1 percentage point leads to a decline in the prob-
ability of a crisis of about 0.05 percentage points. This amounts to
a decline in pC from, e.g., 3.2 to 3.15 percent. A larger response can
be expected when credit is initially at a higher level. The lower area
of the 95th percentile gives a decline of more than 0.08 percentage
points.

It is also relevant to check how monetary policy shocks can affect
crisis outcomes. Figure 4 shows how a positive monetary shock is
expected to affect the output gap if a crisis was to happen sometime
in the two-year period after the shock. This also depends on the ini-
tial situation of the economy, so it has a distribution across different
initial states. The median response tells us that a contractionary
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Figure 4. The Effect of a Positive Interest Rate Shock on
the Output Gap during a Crisis (percentage points)
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Note: Distribution of crisis outcomes from simulations are based on 50,000
different initial states.

monetary policy shock, through reducing credit, will increase the
level of the output gap during crises, i.e., reduce the severity. The
largest effect comes in the third period of the crisis, where output is
increased by almost 0.1 percentage point. Hence, if the typical fall
in output in the third period of the crisis is 10 percentage points,
the monetary policy shock lowers it to 9.9 percentage points.

Sometimes the sign shifts, implying that monetary policy makes
the output gap even more negative during crises, explaining why
the 95th percentile covers area below zero. That happens if a crisis
occurs shortly after the monetary policy shock. In such cases the
economy is initially weaker due to the monetary policy shock, while
the effect of the shock on credit is still quite small.

In summary, monetary policy has the potential to reduce the
expected cost of crises, both through a reduction in the probability
of a crisis and the potential severity. There will, however, also be
a cost associated with such a policy through increased volatility in
normal times, especially when there is a trade-off between stabilizing
traditional target variables and financial stability.
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6. Systematic LAW with Simple Interest Rate Rules

We will now use the model extended with credit and crisis risk to
evaluate whether it can be beneficial for the central bank to con-
duct systematic LAW policies. In particular, we will compare the
outcomes under the benign neglect rule and a LAW specification of
the following form:

it = ρiit−1 + (1 − ρi)[θππt + θyyt + (1 − Ω)1Δcrt>0θL(Δcrt − πt)]

+ εi,t. (10)

θL is the response coefficient on real credit growth. We assume an
asymmetric response to credit, where 1 = 1 if real credit growth is
positive and zero otherwise. Furthermore, we assume that the cen-
tral bank does not respond directly to credit growth during crises.
The other coefficients have the same interpretation as those in (9).

The motivation for analyzing an asymmetric policy rule is that,
in practice, it is natural to think about LAW policies in the context
of high credit growth.18 This means that the interest rate will be
kept higher than what is justified by the (medium-term) outlook for
inflation and output when credit growth is higher than some thresh-
old. To be pragmatic, we set this threshold to zero (i.e., when real
credit growth is above trend).

Table 6 compares the benign neglect policy rule established in
section 4 with three different (optimized) policy rules that take the
risk of a financial crisis into account.

The first policy rule we consider is labeled LAW. In this case,
we optimize with respect to all the coefficients in the Taylor rule
(10). Introducing endogenous financial crises changes the optimized
parameters in several ways. First, the response to output rela-
tive to inflation increases and the degree of interest rate smooth-
ing is reduced. Second, the coefficient on credit growth is positive,
meaning that monetary policy should react systematically to credit
growth.

18For example, Norges Bank (2016) states the following: Conditions that imply
an increased risk of particularly adverse economic outcomes should be taken into
account when setting the key policy rate. This suggests, among other things,
that monetary policy should therefore seek to mitigate the buildup of financial
imbalances.
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Table 6. Optimal Parameters in Simple
Monetary Policy Rules

Benign
Parameter Neglect LAW C-LAW I C-LAW II

ρi 0.89 0.88 0.89 0.86
θπ 6.51 5.80 6.51 4.60
θy 1.35 1.45 1.35 1.24
θL — 0.51 0.64 —

Notes: The optimal coefficients are obtained by minimizing the weighted sum of
variances in (annualized) inflation, output, and the change in the nominal interest
rate (annualized). The weight on the output gap and the change in the nominal
interest rate is λy = 2/3 and λi = 1/4, respectively.

The two remaining policy rules we consider are constrained ver-
sions of the LAW policy rule. In the first version, we fix the param-
eters on the lagged interest rate, inflation, and output in the benign
neglect policy rule and reoptimize with respect to credit growth only.
We label this policy rule C-LAW I. In the second version, we set
the coefficient on credit growth to zero and reoptimize with respect
inflation, output, and the lagged interest rate (C-LAW II ). These
constrained versions of the LAW policy are meant to illustrate the
relative importance of introducing credit growth as an additional
element in the Taylor rule and changing the relative response to tra-
ditional target variables. While the first constrained version of the
LAW policy responds relatively more to credit growth, the second
version compensates for the inability to respond directly to credit
by increasing the relative response to output. It also features a lower
degree of interest rate smoothing.

Table 7 evaluates the different policy rules with regard to the
variation in some key variables, the total central bank loss, and the
frequency of crises (the unconditional crisis probability). First, com-
paring the benign neglect policy rule with the different LAW rules,
the latter lead to reduced volatility in output but increased costs
in terms of higher inflation volatility. The unconstrained LAW pol-
icy reduces the total loss by approximately 3.8 percent, and the
unconditional probability of a crisis is reduced by 6 basis points.
Comparing the two constrained versions of the LAW policy, the
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Table 7. Standard Deviations of Endogenous Variables,
Loss, and the Frequency of Crisis under

Different Policy Rules

Benign
Neglect LAW C-LAW I C-LAW II

Std. Annual Inflation 1.66 1.74 1.69 1.75
Std. Output 2.16 1.83 2.01 1.84
Std. Interest Rate (Ann. %) 3.96 3.94 3.90 3.97
Std. Real Exchange Rate 8.43 8.44 8.41 8.45
Std. Credit Growth 1.64 1.56 1.58 1.58

Loss Relative to Benign Neglect 100.00 96.23 97.62 96.88
Frequency of Crises (Ann. %) 3.23 3.17 3.16 3.21

Note: Model standard deviations and the frequency of financial crisis are computed by
generating 1,000 replications of length 1,000 quarters.

results may suggest that taking financial stability considerations
into account by changing the relative response to traditional target
variables generates a relatively large share of the benefits.

Figure 5 shows the distribution of losses under the different pol-
icy rules. While the difference in losses between the alternative LAW
policies is small, it is clear that taking crisis risk into account when
setting the policy rate reduces the magnitude and frequency of tail-
risk events.

In order to illustrate the magnitude of the “degree of leaning”
under the alternative LAW policies, we simulate the model under
the benign neglect rule, while including the different LAW rules as
“cross-checks.” Table 8 shows the difference in the nominal interest
rate implied by the respective LAW policies and the actual policy
rule (benign neglect) for different states of the economy. Considering
all states of the economy, the LAW policy implies an interest rate
that is approximately 18 basis points higher on average. In periods
with elevated financial stability risks (i.e., when L > 0), the LAW
policy implies a 26 basis points higher interest rate on average. The
interest rate is even higher (around 50 basis points) when the real
economy is strong at the outset (i.e., y > 0). In periods when finan-
cial stability risks are elevated but the real economy is weak, the
LAW policy implies a somewhat more expansionary policy than the
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Figure 5. Distribution of Losses under Different
Policy Rules
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Table 8. Difference between the Interest Rate under
Alternative LAW Policies and the Benign Neglect Policy

Rule for Different States of the Economy
(percentage points)

State Frequency* LAW C-LAW I C-LAW II

All States 1.00 0.18 0.20 0.00
L > 0 0.49 0.26 0.25 0.05
L, y > 0 0.28 0.48 0.35 0.27
L > 0, y < 0 0.21 −0.05 0.12 −0.23
L < 0 0.51 0.10 0.16 −0.05
L, y < 0 0.29 −0.11 0.08 −0.26
L < 0, y > 0 0.21 0.38 0.26 0.23

∗The share of time spent in each state.

benign neglect policy. When financial stability risks are relatively
low (L < 0), the LAW policy implies a 10 basis points higher inter-
est rate. When both financial stability risks are low and the real
economy is weak, the interest rate should be 11 basis points lower
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in the LAW case. The LAW policy rule calls for a higher interest
rate (38 basis points) when the real economy is strong (y > 0), even
though financial stability risks are low.

6.1 A Persistent Decline in Foreign Interest Rates and
Financial Stability

The persistent decline in foreign interest rates in recent years has
caused a trade-off for many small open economies. In this section we
illustrate the dynamics of the economy in normal times and in crisis
times when the central bank reacts to the decline in foreign inter-
est rates using the benign neglect rule or the LAW rule. To counter
the effects of lower foreign interest rates on the real exchange rate,
inflation, and output, a central bank will respond by reducing the
domestic policy rate. Lower interest rates might in turn fuel the
housing market and increase the accumulation of household credit.
This may increase the risk of a financial crisis. In such a scenario, a
LAW rule that reduces the interest rate less than what is justified
only by the medium-term outlook for inflation and output might
deliver better outcomes over time.

Figure 6 shows IRFs of a large and persistent negative shock to
the foreign interest rate under the benign neglect rule and the LAW
rule. Both policy rules imply a big reduction in the nominal interest
rate, but the LAW rule keeps the rate slightly higher. The apprecia-
tion of the real exchange rate is greater under the LAW rule and the
drop in the inflation rate is larger. On the other hand, the LAW rule
stabilizes output more than the benign neglect rule. Together with
the higher interest rate, this dampens growth in household credit and
reduces both the probability and the potential severity of a financial
crisis. Following the negative shock to the foreign interest rate, we
impose a crisis after eight quarters (illustrated by the shaded area in
figure 6). The LAW policy reduces the severity of a crisis in terms of
output. First, it contributes by restraining credit growth prior to the
crisis. Second, it responds relatively more to the decline in output
and features a lower degree of interest rate smoothing.

The IRFs show what happens when the crisis occurs on a pre-
specified date. Figure 7 shows the entire distribution for GDP under
the two policy rules following the negative shock to the foreign
interest rate. The width of the distribution is caused by both (i)
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Figure 6. Impulse Responses of a Large and Persistent
Negative Shock to Foreign Interest Rates
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uncertainty about when the crisis hits and (ii) uncertainty about the
severity of the crisis. By following the LAW policy, one reduces the
negative tail risk in output by dampening the effect of lower inter-
national interest rates on the probability and the potential severity
of a crisis.

7. Sensitivity

The parameters governing the probability and the effect of credit
accumulation on the severity of a crisis estimated in section 2 are
highly uncertain. In this section, we examine how sensitive the
optimized response to credit growth in the Taylor rule is to these
key parameters.
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Figure 7. Distribution of the Output Gap Following a
Large, Persistent Negative Shock to Foreign Interest

Rate, when Crisis Risk Is the Only Source of Uncertainty
after the Interest Rate Shock
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7.1 LAW Policies and the Effect of Credit
on the Probability of a Crisis

Figure 8 compares the logit function used in this paper with Ajello
et al. (2015) and estimates of the effect of mortgage credit on the
probability of a crisis for different sample periods reported in Jordà,
Schularick, and Taylor (2016).19 While the steady-state probabil-
ity used in this paper and the one in Ajello et al. (2015) are sim-
ilar, the effect of credit on the probability of a crisis is higher in

19When plotting the probability functions reported in Jordà, Schularick, and
Taylor (2016) (table 4, column 2) we have set the constant term equal to the
one used in Ajello et al. (2015). The regressions in Jordà, Schularick, and Taylor
(2016) are based on the five-year moving average growth rate in mortgage credit,
and not the cumulative growth. This has also been corrected for when plotting
the probability functions.
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Figure 8. Relationship between Five-Year Real Credit
Growth (L) and the Probability of a Crisis Start
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our paper. However, Jordà, Schularick, and Taylor (2016) document
that the effect of mortgage credit on the probability of a crisis has
increased substantially over time. Estimates used in other papers
analyzing LAW policies have typically been based on the long-run
historical data in Schularick and Taylor (2012) (e.g., Ajello et al.
2015 and Svensson 2016), which starts in 1870, while we use data
from the 1970s. As seen in figure 8, the effect of mortgage credit
on the probability used in our paper is close to the effect estimated
on the post–World War II sample in Jordà, Schularick, and Taylor
(2016).

To illustrate how sensitive the optimized response to credit
growth in the Taylor rule is to the underlying assumption about
the probability of crisis, table 9 shows optimized parameters for dif-
ferent specifications of the crisis probability. We use the specification
reported in Ajello et al. (2015) which features a lower effect of credit
on the probability of a crisis. We also examine two cases when the
probability of crisis is exogenous: one where the steady-state proba-
bility is relatively high (approximately 3.2 percent annually20) and
one where the probability is relatively low (1 percent).

20We have used the steady-state probability reported in Ajello et al. (2015) to
facilitate comparison.
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Table 9. Optimal Simple Rules for Different
Crisis Probabilities

Ajello et al. Exogenous Exogenous
LAW (2015) (3.2% Ann.) (1% Ann.)

ρi 0.88 0.87 0.88 0.91
θπ 5.80 5.17 5.31 6.48
θy 1.45 1.30 1.30 1.46
θL 0.51 0.28 0.21 −0.03

Loss* 96.23 96.92 98.13 99.77

∗Relative to the loss simulated under the benign neglect policy rule (using the same
parameters in the logit function for the probability of a crisis).

It is clear that the optimal response to credit growth (and the
potential benefit of LAW) depends on the assumed process for the
probability of a crisis. First, it depends on the crisis probability level.
The coefficient on credit growth is low when the crisis probability is
low, both in the case of an endogenous and exogenous crisis probabil-
ity. In the case of a 1 percent annual exogenous probability of a crisis,
the coefficient on credit growth is slightly negative. However, even in
this case the relative coefficient on output is somewhat higher than
in the benign neglect rule. Second, the steepness of the logit func-
tion matters. In Ajello et al. (2015), the crisis probability increases
less with accumulated credit growth than in our paper. This is
reflected in the coefficient on credit being higher in our benchmark
calibration (LAW rule) than that implied by Ajello et al. (2015);
see table 9.

While the logit function in our benchmark calibration and the
alternative functions shown in this section are linear, or close to
linear, introducing more non-linearities may increase the benefits
of leaning against the wind to the extent that monetary policy can
influence these imbalances. For example, Anundsen et al. (2016) doc-
ument that the effect of household credit on the likelihood of a crisis
increases substantially when it coincides with extreme imbalances
(or bubble-like behavior) in the housing market. While such non-
linearities (or threshold effects) might be very important, they are
difficult to incorporate in the model in a simple way.
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Figure 9. The Relationship between the Marginal Effect
on GDP during Crisis of a One Standard Deviation Higher

Five-Year Growth in Household Real Credit and the
Optimal Response to Credit Growth in the Taylor Rule
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7.2 LAW Policies and the Effect of Credit
on the Severity of Crisis

The effect of credit accumulation on the decline in GDP during
a crisis was calibrated to match the empirical results established in
section 2.3. More precisely, our calibration implies that GDP declines
by approximately 1.5 percentage points more on average during a
crisis if the five-year growth in real household credit before the crisis
is one standard deviation higher. In order to illustrate the sensitivity
of our results regarding this calibration, figure 9 plots the relation-
ship between the effect of a one standard deviation higher cumulative
real credit growth on GDP during crisis (horizontal axis) and the
optimal response to credit growth in the Taylor rule.21 The optimal
response to credit is an increasing function of the effect of credit
on GDP during a crisis. If we assume that the severity of a crisis is

21The other coefficients in the Taylor rule are also reoptimized in this exercise.
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exogenous (this implies that the effect of pre-crisis credit growth on
GDP during a crisis equals zero), the optimal coefficient on credit
growth is negative instead of positive, implying that monetary pol-
icy should, if anything, lean with the wind. Thus, in a case where the
severity of a crisis is exogenous or the effect of credit on GDP during
a crisis is sufficiently small, we find no role for monetary policy to
respond countercyclically to credit growth.

8. Conclusion

Whether to use monetary policy to curb high growth in credit and
asset prices to contain the risk of financial instability, i.e., to “lean
against the wind” (LAW), has been the subject of a contentious
debate. In this paper we have investigated to what extent monetary
policy should actively aim at mitigating the buildup of financial
imbalances. LAW is motivated by agents underestimating financial
stability risks. We introduce regime switching into an otherwise stan-
dard open-economy New Keynesian model to highlight some impor-
tant policy trade-offs. Credit affects the probability of switching to a
crisis and the severity of a crisis, but does not affect economic activ-
ity in normal times. Credit is in this sense frictionless in normal
times. A transition from a normal regime to a crisis regime involves
an abrupt reduction in aggregate demand.

We find that the benefits of LAW in terms of a lower frequency
of severe financial recessions exceed costs in terms of higher volatil-
ity in normal times when the severity of crisis is endogenous (i.e.,
“when credit bites back”). The LAW policy can be implemented by
responding relatively more to fluctuations in output and by respond-
ing directly to household credit growth. Compared with a benign
neglect policy, the LAW policy rules contribute to a lower loss and
reduced tail risk in the economy. The costs are paid in terms of
somewhat higher inflation volatility and interest rate volatility. Our
qualitative results are robust to alternative specifications for the
probability of a crisis. We also show that the optimal interest rate
response to credit growth is higher when the severity of a crisis is
sensitive to changes in accumulated credit growth. When the sever-
ity of a crisis is exogenous, then it is, if anything, optimal to lean
with the wind. This nests the results found in the literature, e.g.,
Ajello et al. (2015), Alpanda and Ueberfeldt (2016), Pescatori and
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Laséen (2016), and Svensson (2016), who find no (or very small) net
benefits of LAW policies, and typically assume either no or a very
small effect from credit to crisis severity. This difference underlines
the importance of the assumptions concerning the process which
determines the severity of a crisis.
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Discussion of “Leaning Against the Wind
When Credit Bites Back”∗

Carl E. Walsh
University of California, Santa Cruz

1. Introduction

The 2008–09 global financial crisis and the ensuing Great Recession
forced monetary policymakers to rethink the role of financial mar-
ket imbalances and asset price developments in the design of mone-
tary policy. It has led economists to ask whether, in the buildup to
the crisis, the Federal Reserve and other central banks should have
responded to the rapid increase in housing prices and in debt by
raising interest rates more than would normally be justified based
on the behavior of inflation and real economic activity. That ex post
reexamination of past policy decisions has been accompanied by a
debate over whether, in the post-crisis era, policy should actively
respond to credit growth by “leaning against the wind.”

Gerdrup et al. (this issue) directly address the desirability of
leaning against the wind, or LAW, policies. Following Svensson
(2016), such policies mean “conducting, for financial stability pur-
poses, a tighter monetary policy (a higher interest rate) than justi-
fied by standard flexible inflation targeting when the possibility of
a financial crisis is disregarded.” Defining LAW policies carefully is
important, as a flexible inflation-targeting central bank will react to
financial market developments to the extent they are useful for fore-
casting future developments in inflation or real economic activity.1

The relevance of financial conditions for monetary policy was actu-
ally recognized in the Federal Reserve Reform Act of 1977, which
states that “the Board of Governors of the Federal Reserve System
and the Federal Open Market Committee shall maintain long run

∗Prepared for the November 2016 International Journal of Central Banking
Conference held at the Federal Reserve Bank of San Francisco. Author contact:
walshc@ucsc.edu.

1See the discussion in Walsh (2009).

321



322 International Journal of Central Banking September 2017

growth of the monetary and credit aggregates commensurate with the
economy’s long run potential to increase production, so as to pro-
mote effectively the goals of maximum employment, stable prices
and moderate long-term interest rates.” (emphasis added)

LAW policies are controversial. Several authors (e.g., see
Gambacorta and Signoretti 2014, Filardo and Rungcharoenkitkul
2016) have argued that the benefits of LAW policies outweigh any
costs.2 This view has influenced policy in Norway, for example, where
Norges Bank Governor Øystein Olsen (2015) has stated that “a
robust monetary policy should therefore take into account the risk
of a build-up in financial imbalances.” Others (for example, Ajello
et al. 2016) find that accounting for financial crisis concerns causes
optimal policy to deviate very little from the case in which such
concerns are ignored, and that optimal policy may, in some cases,
actually lean with the wind.3 The most prominent opponent of LAW
policies has been Lars Svensson, who has argued that the costs of
such policies far outweigh any potential benefit; see Svensson (2016,
2017).4

The broad outlines of the cost-benefit analysis of leaning against
the wind are straightforward. Raising the policy rate in response to
rapid credit growth may reduce such growth, reduce the probability
of a crisis, and lessen the consequences of a crisis should one actu-
ally occur. These are the benefits. The costs take the form of the
reduced economic activity and shortfall of inflation relative to tar-
get that are a result of the tighter policy. Given that there are both
costs and benefits, the issues at debate are primarily empirical, and
the challenge is to quantify accurately these costs and benefits.

Gerdrup et al. (this issue) offer a new contribution to this debate
over costs and benefits. Specifically, they extend the two-period
model of Ajello et al. (2016) to the infinite-horizon, small open-
economy case. Importantly, they endogenize both the probability of

2According to Filardo and Rungcharoenkitkul (2016), “the shortcomings of
macroprudential tools have left open an important role for monetary policy to
lean against the wind.”

3Ajello et al. (2016) find that the optimal extent of leaning against the wind
is somewhat larger in the face of uncertainty and if the policymaker desires
robustness.

4Other contributors to the debate include Agur and Demertzis (2013) and
Gelain, Lansing, and Natvik (2015).
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a financial crisis and the severity of the crisis. These aspects of the
model are critical for any evaluation of LAW policies, as I discuss
below. With their model in hand, they investigate the optimal coeffi-
cient on credit growth in a Taylor-type instrument rule for monetary
policy. They also study the distribution of real output and inflation
under the optimal LAW instrument rule.

In my comments on their paper, I begin by reviewing the costs
and benefits of LAW policies. Doing so will highlight the likely
importance of some channels over others. It will also identify the
channels the authors incorporate into their analysis and a cou-
ple that they, like the rest of this literature, do not. I discuss the
approach they take to evaluating the consequences of LAW policies
and summarize their primary conclusions. I then offer some com-
ments on their calibration approach, the specification of policy, and
potential limitations of the general approach.

2. Costs and Benefits

To organize a discussion of the costs and benefits of LAW policies,
suppose the economy can be in one of two states. The first, denoted
by subscript NC, is the non-crisis state; the second, denoted by
subscript C, is the crisis state. Let Li denote the present discounted
value of losses if the economy is in state i = NC, C, and let li be
the current-period loss in state i. To complete the notation, let β be
the discount rate, pC the probability of moving from a non-crisis to
a crisis state, and pN the probability of moving from the crisis to a
non-crisis state.

Then LNC and LC are defined by

LNC = lNC + β [pCLC + (1 − pC) LNC ] (1)

and

LC = lC + β [pNLNC + (1 − pN ) LC ] . (2)

Before proceeding, it is important to recognize that this simple spec-
ification ignores much. For example, it ignores the fact that LNC

(LC) may depend on the previous state. Even so, (1) and (2) can
help organize a discussion of the costs and benefits of LAW policies.
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Consider the effects of an increase in the nominal interest rate
iNC in the non-crisis state and its effects on current and future losses.
By solving (1) and (2) jointly, the effect on LNC of a change in iNC

is given by

dLNC

diNC
= α1

dlNC

diNC
+ α2

dlC
diNC

+ (LC − LNC)
(

α3
dpC

diNC
− α4

dpN

diNC

)
, (3)

where the constants αj are positive and functions of β, pC , and
pN . The terms on the right of (3) summarize the channels through
which an interest rate increase motivated by financial stability con-
cerns causes the present value of losses to fall or rise, i.e., whether
dLNC/diNC is negative or positive. If it is negative, the benefits
outweigh the costs and leaning against the wind is desirable; it if is
positive, costs outweigh benefits.

The first term, α1dlNC/diNC , is the change in the loss in the
non-crisis state. This is generally assumed to be positive—by rais-
ing the policy rate in the non-crisis state, economy activity will slow
and inflation will decline, worsening outcomes in the non-crisis state.
The second term, α2dlC/diNC , measures the effect on losses condi-
tional on being in a crisis. This effect could be positive (a cost) or
negative (a benefit). Svensson (2016) has emphasized that the costs
of a crisis are larger if the economy enters it in a weaker condition
such as would be the case if the policy rate had been increased prior
to a crisis. In contrast, if leaning against the wind before the crisis
helps limit the growth of financial imbalances, it might also limit the
severity of a crisis, should a crisis occur. This endogenous severity
channel is one of the potential benefits of LAW policies that Gerdrup
et al. stress.

The final two terms capture the effects of policy on the transition
probabilities. If leaning against the wind reduces the probability of
a crisis, dpc/diNC < 0, and, because LC > LNC , this reduces the
present value of losses (a benefit). Similarly, if leaning against the
wind increases the probability of exiting from a crisis and leads on
average to shorter crises, than dpN/diNC > 0, which adds to the
benefits of LAW policies.
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Suppose β = 0.96 (annual frequency), pC = 0.032, and pN =
0.5.5 The values of the αi parameters can be evaluated and (3)
becomes

dLNC

diNC
≈ 23.61

dlNC

diNC
+ 1.39

dlC
diNC

+ (LC − LNC)
(

22.66
dpC

diNC
− 1.34

dpN

diNC

)
. (4)

While representing the outcome of a simple exercise, (4) offers some
suggestive implications. First, the coefficient dlNC/diNC

, which is the
impact of leaning against the wind on non-crisis welfare, is large.
With crises infrequent, the loss in the non-crisis period of tighter
monetary policy is likely to loom large in the cost-benefit calcula-
tion. Second, and again because crises are infrequent, the poten-
tial gain in a reduced crisis loss from LAW policies, measured by
dlC/diNC , receives a much smaller weight than does dlNC/diNC .
Third, the impact of LAW policies on the probability of a crisis is
more important than its impact on the probability of exiting a crisis.
However, with pC much smaller than pN , dpC/diNC and dpN/diNC

are unlikely to be of similar magnitude. Letting ej denote the elastic-
ity of pj with respect to iNC , for j = C, N , and using the calibrated
values pC = 0.032 and pN = 0.5,

(
22.66

dpC

diNC
− 1.34

dpN

diNC

)
=

(
1

iNC

)
(22.66eCpC − 1.34eNpN )

=
(

1
iNC

)
(0.72eC − 0.67eN ) . (5)

Thus, a policy that reduces the probability of a crisis by 10 percent
(from 3.2 percent per year to 2.9 percent) would have similar benefit
to a policy of leaning against the wind that, by leading to a more
shallow crisis, increased the exit probability by 10 percent (from 50
percent per year to 55 percent). Finally, the potential gains from
a LAW policy are increasing in the size of the loss during a crisis
event. If crises are very costly—i.e., if LC − LNC is large—then a

5These values are consistent with the calibration of Gerdrup et al. (this issue)
and the evidence in Jordà, Schularick, and Taylor (2013, 2017).
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large effect on pC might dominate the non-crisis loss represented by
dlNC/diNC .

The model employed by Gerdrup et al. (this issue) incorporates
three of the four channels included in (3); the only one they do
not endogenize is the crisis exit probability. By ignoring the exit
probability channel, they follow the standard in this literature. How-
ever, the simple calculation leading to (5) suggests that policies that
increase the probability of exiting from the crisis state may be as
valuable as policies that decrease the probability of entering a cri-
sis by the same percent. Jordà, Schularick, and Taylor (2013) note
that “financial crisis recessions are costlier, and more credit-intensive
expansions tend to be followed by deeper recessions . . . and slower
recoveries.” (emphasis added). Thus, a benefit of LAW policies may
be the impact they have on shortening the recession associated with
a crisis.

Setting aside any effects on pN , (3) becomes

dLNC

diNC
= α1

dlNC

diNC
+ α2

dlC
diNC

+ (LC − LNC) α3
dpC

diNC
.

The first term on the right is considered the cost of LAW policies
and the third term is a benefit; the second term, dlC/diNC , is more
controversial, as it may be positive (a cost) or negative (a benefit).
Svensson has emphasized that if the economy enters a crisis in a
weaker state, losses during the crisis will be larger. Gerdrup et al.
(this issue) allow for this channel in their model, as the loss dur-
ing the crisis depends on the economy’s state when a crisis occurs.
However, they also allow for LAW policies to contribute to a milder
crisis by endogenizing the severity of the crisis. In fact, this is one
of the major differences in their analysis from that of Ajello et al.
(2016). The authors find that this endogenous severity channel is
critically important for generating a role for LAW. In fact, consis-
tent with Ajello et al. (2016) and Svensson (2016), the authors find
that if crisis severity is exogenous, the optimal policy rule actually
leans with the wind.

One further point is relevant before getting to the specifics of
the authors’ contributions. In addition to ignoring effects on exit
probabilities, the analysis of Ajello et al. (2016) and Gerdrup et al.
(this issue) assumes that LAW policies increase loss in the non-crisis
state; that is, they assume dlNC/diNC is positive. This accords with
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the evidence in Jordà, Schularick, and Taylor (2013), who find, dur-
ing the post–World War II era, that “excess credit growth appears
to be associated with longer periods of economic growth . . . and
expansions last almost 5 years longer in periods of high excess credit
growth.” Any LAW policy that slows credit growth must shorten
the pre-crisis period of economic expansion. However, if the credit
boom reflects distortionary growth, a longer expansion may simply
magnify the distortions associated with the boom. Such an expan-
sion need not translate into an increase in welfare. For example,
the rapid growth in housing investment in the United States in the
period leading up to the global financial crisis left a legacy of aban-
doned, zombie housing developments in its wake. If this reflects a
misallocation of capital, then the resulting efficiency losses might
imply that the extended boom was not consistent with the Fed-
eral Reserve Act’s call for credit growth “commensurate with the
economy’s long run potential to increase production.”

3. The Model

Now let me turn to the specifics of the authors’ model. As already
mentioned, it extends the two-period framework of Ajello et al.
(2016) to an infinite-horizon model of a small open economy. To
highlight the basic structure, though, I will ignore the open-economy
aspects.6 In this case, a stripped-down version of their model consists
of an expectational Euler equation given by

xt = Etxt+1 − σ−1 (it − Etπt+1 − εt) , (6)

where7

εt ≡ (εg,t − Etεg,t+1) − (zt − Etzt+1) ,

and a New Keynesian Phillips curve given by

πt = βEtπt+1 + κxt. (7)

6Their model also includes habit persistence and partial indexation of prices,
and distinguishes between domestic and CPI inflation, output and domestic con-
sumption, imperfect pass-through, and deviations from uncovered interest parity
condition. These additions lead to a model better able to match data but are not
central to the issues I want to raise.

7My notation differs slightly from that of the authors.
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A crisis is represented by a positive realization of zt, which consti-
tutes a negative aggregate demand shock. Specifically, the financial
shock zt is governed by

zt = ρz,tzt−1 + Ωκt

κt = (1 − Ω) (γ + γLLt) + ρκΩκt−1,

where Ω = 0 in the non-crisis regime, Ω = 1 in the crisis regime, and
Lt is the cumulative five-year growth of real, household credit.

Consider what happens if the economy begins in a steady-state,
non-crisis state with Ω = 0 and zt = 0. If a crisis occurs, the size
of the negative shock to zt equals γ + γLLt and is increasing in
the extent to which credit has grown during the previous five years.
Cumulative real credit growth is, in turn, assumed to depend on the
output gap, inflation, and the real rate of interest (and therefore on
monetary policy). The dependence of the severity of the crisis, as
measured by κt, on pre-crisis credit growth and monetary policy is
one channel through which a LAW policy can affect outcomes during
a crisis. The second channel Gerdrup et al. (this issue) incorporate is
to allow credit growth to affect the probability that a crisis occurs.
In normal times, there is no feedback from credit growth to either
the real economy or inflation unless monetary policy reacts to credit
growth. What credit growth does affect is the probability that a
crisis occurs and the severity of a crisis when it does occur.

3.1 Policy

The central bank is assumed to employ an asymmetric version of a
Taylor rule:

it = ρiit−1 + (1 − ρi)
[
θππt + θxxt + (1 − Ω) θL (Δcrt − πt)Δcrt≥0

]
,

(8)

where Δcrt is nominal credit growth. In this formulation, the cen-
tral bank only responds to growth in real credit in non-crisis periods
and then only when credit growth is positive.8 In the context of

8Gerdrup et al. (this issue) also introduce a monetary shock into (8), but that
is not relevant for discussing LAW policies and so I ignore it.
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(8), a policy of leaning against the wind is interpreted to mean that
θL > 0.

To determine whether a LAW policy is desirable, the authors pos-
tulate that loss depends on volatility in inflation, the output gap,
and the change in the nominal rate of interest. Thus, the coefficients
in (8) are chosen to minimize

W0 = E0

∞∑

t=0

βt
[
π2

t + λxx2
t + λi (Δit)

2
]
, (9)

with λx = 2/3, λi = 1/4 when inflation is expressed at an annual
rate. Importantly, credit does not appear in the loss function. If it
is optimal to respond to credit growth (i.e., if θL > 0), this will
not be due to any inherent desire to stabilize credit growth but will
instead mean that responding to credit growth helps better achieve
objectives defined in terms of inflation, the output gap, and interest
rate changes.

The results on the optimized coefficients in (8) will depend on
the relative weights put on the terms in the loss function. By way
of comparison, therefore, it is worth noting that in their similar
exercise, Ajello et al. (2016) assume λx = 1/16, λi = 0. Thus, rel-
ative to Ajello et al., Gerdrup et al. put more weight on output
gap stabilization and on reducing volatility in nominal interest rate
changes.

4. Calibration and Results

The authors draw on the existing literature and their own estimation
to calibrate model parameters. Some parameters are standard, but
the critical aspects of the exercise are these related to the sensitiv-
ity of credit growth to monetary policy, crisis probability to credit
growth, and crisis severity to credit growth. The first of these (mon-
etary policy effects on credit growth) is estimated using data from
Norway; the second and third are based on data from twenty-two
OECD countries. I will come back to this issue below.

The basic policy experiment assumes myopic private agents in
the sense that the central bank knows the true crisis process, but
private agents perceive the probability of a crisis to be zero. In this
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environment, the optimal instrument rule is found under three alter-
native specifications: (1) the central bank is also myopic in ignoring
the possibility of a crisis and does not respond to credit growth
(labeled the benign neglect case); (2) the central bank takes into
account the possibility of a crisis but does not directly respond to
credit growth (i.e., it maintains θL = 0); and (3) the LAW case in
which θL in (8) can differ from zero. The optimal policy coefficients
for these three cases are reported in table 3 of the paper. Taking into
account the possibility of a crisis but without responding directly to
credit (moving from case 1 to case 2) has two effects on the optimized
instrument rule. First, the responses to both inflation and output
are muted. For example, the coefficient on inflation falls from 6.51
to 4.42 while that on output falls slightly from 1.35 to 1.11. Second,
the response to output relative to inflation increases. Table 4 of the
paper shows that the benign neglect policy produces more stable
inflation and interest rates but more volatile output relative to the
constrained LAW policy.

The key results are those for case 3. The optimal responses to
inflation (5.63) and output (1.25) fall between the benign neglect and
constrained LAW cases, but, more importantly, the optimal value of
θL is positive (0.61). Policy leans against the wind. Comparing out-
comes in table 4 under the LAW policy and the constrained LAW
policy, credit crises are marginally less likely to occur (the annual
probability of a crisis falls from 3.28 percent to 3.17 percent), and
as shown in figure 5 of the paper, the distribution of losses given by
(9) is shifted to the left and the likelihood of large losses is reduced
under the LAW policy. When credit growth is positive, the nominal
interest averages 28 basis points higher under the LAW policy.

5. Comments

The authors’ results provide a very useful contribution to the LAW
debate. My comments will be directed to three issues: the parame-
ter values employed for the calibration exercises, the specification of
policy, and the potential limitations of the general approach.

5.1 Consistency of Parameters

Using an empirically grounded model to investigate the desirability
of LAW policies is commendable, and it is an important contribution.
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Employing a small open-economy framework is also a nice contri-
bution. To assign values of the model’s parameters, however, the
authors draw on a number of sources. The basic parameters of the
open-economy model are drawn from Justiniano and Preston (2010),
who estimate a DSGE model using data from Australia, Canada,
and New Zealand. The equation describing the evolution of credit
and the impact of monetary policy on credit growth is estimated
using data from Norway. The relationship between credit growth
and both the probability of a financial crisis and its severity is esti-
mated by extending the work of Anundsen et al. (2016) to include
data from twenty-two OECD countries over the period 1975:Q1–
2014:Q2. None of these choices is unreasonable, but it does open
up the question of exactly how realistic the resulting mix is as a
representation of a generic open economy. Australia, Canada, New
Zealand, and Norway are all exporters of non-manufactured goods,
primarily commodities and agricultural products; for other small
open economies, the calibration based on Justiniano and Preston
(2010) may be less realistic.

The empirical model of credit growth for Norway is significantly
different from that employed by Ajello et al. (2016) based on U.S.
data, and the differences are likely to be important. For example,
Ajello et al. link nominal credit growth in the United States to the
output gap, inflation, and the nominal interest rate and obtain

Δcrt = 0.18xt − 0.26it + 1.43πt. (10)

Based on Norwegian data, Gerdrup et al. obtain

Δcrt = 0.31xt − 0.79 (it − Etπt+1) . (11)

Conditional on the other variables, a rise in the nominal interest rate
has a much larger contractionary effect on credit growth in a model
based on (11) then if the Ajello equation were used. This matters for
the analysis; all else equal, the marginal benefit of a LAW policy will
be larger in the calibrated model based on (11) than if it were based
on (10), as a smaller rise in the policy rate is needed to achieve a
given reduction in credit growth.

For a small open-economy model, the estimates based on Norway
are perhaps more relevant then those based on the United States.
But the critical linkages between credit growth, the probability of a
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crisis, and the severity of a crisis come from a larger sample of OECD
countries that includes, for example, the United States. In this case,
there is the question of whether the estimated relationships are the
right ones to employ for the small open-economy setting the authors
have in mind.

Fortunately, the authors do conduct some robustness checks, and
the general qualitative conclusions appear robust. But it would be
nice—and this is along the lines of a suggestion for future research—
to have a model calibrated consistently to represent a specific coun-
try (such as Norway). This could be done for most of the parameters
using existing models that have been estimated for various small
open economies. The hardest parameters to pin down for an indi-
vidual country would be those related to the impact of credit growth
on the probability and severity of a crisis.

A second issue also related to the calibration is the question of
the economic significance of the results. The authors find clear sup-
port for LAW policies, and their findings emphasize the importance
of incorporating feedback from policy to credit growth to the proba-
bility and severity of a crisis. But the quantitative magnitude of the
effects they find seems small. For example, the policy rate averages
28 basis points higher under the optimal LAW policy. A natural
question is whether this magnitude is statistically significant once
parameter estimation error is factored in. How confident can we be
that the hypothesis that central banks should not lean against the
wind can be rejected?

5.2 The Policy Framework

The core of the authors’ contribution is their investigation of the
optimal value of the policy parameter θL in the instrument rule (8).
The authors assume policy is implemented via a rule whose spe-
cific form is given by (8). To determine how policy should respond
to credit growth, they need a metric by which to rank outcomes
for different values of the response coefficients in (8). This ranking
is done by using the objective function given in (9). But given the
objective function (9), one could dispense with (8) and examine opti-
mal policy, i.e., the policy that minimizes (9) without the additional
constraint that the resulting description of policy coincide with (8).
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Of course, there is a huge literature examining optimized instru-
ment rules. But given that the Norges Bank has been at the fore-
front in deriving policy from a specification of the objective func-
tion rather then by assuming a rule, it is perhaps surprising that
the authors took the approach they did. However, there are some
advantages to focusing on simple rules. The LAW debate is about
whether central banks should respond to credit growth, and focusing
on the response coefficients in (8) allows one to have a direct answer
to the question simply by determining whether outcomes (valued in
terms of (9)) are improved for positive values θL.

However, one would like to understand better the extent to which
a policy recommendation is inherent to the economic environment
in which the probability and severity of a financial crisis are endoge-
nous. A danger with simple rules is that credit growth may appear in
an optimized instrument rule because the chosen rule is suboptimal
and the presence of credit growth allows the rule to approximate
more closely an optimal policy.

To illustrate this issue, consider a simplified version of the model
in which the interest rate smoothing objective in (9) is ignored. In
this case, the policy problem is

min E0

∞∑

t=0

βt
(
π2

t + λxx2
t

)

subject to

xt = Etxt+1 − σ−1 (it − Etπt+1 − εt) ,

πt = βEtπt+1 + κxt,

and the specification of the error term εt. Under either optimal
discretion or commitment, xt = πt = 0 in equilibrium, and

it = εt = (εg,t − Etεg,t+1) − (zt − Etzt+1) . (12)

This equilibrium cannot be achieved with the policy rule (8). Thus,
it may be that a LAW policy (i.e., θL > 0) appears optimal only
because the exercise forces one to find the best rule among a class
of suboptimal rules. In this example, a cost-benefit trade-off arise
only because policy is (suboptimally) restricted to follow a simple
instrument rule.
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Because an interest rate smoothing objective appears in the loss
function (9), a zero output gap and zero inflation will not be the
equilibrium, as it was in my simple example. But there is a general
point to make. I would like to see optimal policy as the reference
case so that one can assess the extent to which responding to credit
in a simple rule is able to approximate a possibly more complex
but optimal policy response to the possibility of credit crises. As it
stands, any effects of the credit shock and a crisis on output and
inflation arise only because (i) Δi2t is in loss function and (ii) policy
is suboptimal in following a simple rule.

5.3 Limitations of the Approach

The authors adopt a simple model that helps to organize and guide
their analysis. But, as a simple model, it naturally has limitations.
Let me mention three.

First, as in Ajello et al. (2016), there is no real role for credit
in the model. Absent a crisis, the model displays a type of “credit
dichotomy”: the evolution of real activity and inflation is indepen-
dent of credit growth (unless of course policy responds to credit
growth). In models displaying the classic “monetary dichotomy,” the
real side was independent of money demand and supply, and only
nominal values were affected by shifts in either the demand or supply
of money. Here, the separation is more extreme. The specification of
the equation for credit growth affects nothing except credit growth
and the probability of a crisis. Rapid, possibly distortionary, credit
growth does not affect investment, consumption, aggregate demand,
marginal costs, inflation, or any other variable. This may be useful
as a simplifying assumption, allowing the analysis to focus on the
crisis implications of credit, but it does represent a limitation. For
example, if financial markets are not frictionless in non-crisis times,
excessive credit growth may reflect a misallocation of resources, and
there may be a benefit of LAW policies that this analysis (and
others) are missing. And the model cannot provide any guidance
on whether excess credit growth creates distortions that would jus-
tify it appearing in the policy objective function along with inflation
and a measure of real activity.

Second, the authors, following Ajello et al. (2016), assume that
private agents do not see a crisis coming. As a description of the
period leading up to the global financial crisis, that is a plausible
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assumption, though the crisis also caught policymakers by surprise.
The assumption of myopic private agents is more problematic as the
benchmark in an analysis of post-crisis monetary policy and may
not be the best benchmark for analyzing LAW policies. It is not just
central bankers who are more aware of the potential for financial
crises; so are private agents. When private agents react to expecta-
tions of a future crisis, (12) shows that the optimal policy response
is to raise the nominal interest rate, that is, to lean with the wind
rather than against it.

Third, any effective lower bound on the policy interest rate
is ignored. Taking this additional constraint into account might
increase the value of LAW policies that reduce the probability of
and the severity of a crisis.

6. Conclusions

Gerdrup et al. make a real contribution in providing an evaluation
of LAW policies in the context of a dynamic, quantitative, open-
economy model, using historical data on credit and crises to endo-
genize the probability of crises and their severity. Within the class
of policy instrument rules they investigate, they find a clear role
for LAW policies when private agents, but not the central bank,
ignore the possibility of a crisis. The benefits in reducing the chance
that a crisis occurs and the severity of one if it does occur outweigh
the costs arising from a policy that keeps interest rates higher than
would be justified by a focus solely on inflation and output.

Interesting extensions of their analysis would be to adopt a model
that does not display a credit dichotomy but instead incorporates
real linkages between credit growth and economic activity, to allow
pre-crisis policies that dampen the severity of a crisis to also affect
the probability of exiting a crisis, and to consider whether there are
long-term effects such as scarring or growth effects of a financial cri-
sis. Such costs may significantly affect the cost-benefit calculation of
LAW policies.
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1. Introduction

In the wake of the recent financial crisis, policymakers have disagreed
about whether central banks should extend their inflation-targeting
mandates to promote financial stability. The supporters of “lean-
ing against the wind” policies argue that low-for-long policy rates
may help contribute to the buildup of debt that ultimately poses
a risk to financial stability. This is particularly true in the hous-
ing market, where low rates may encourage households to take on
larger mortgages and spur house price overvaluation (Taylor 2007,
2010). Because of these concerns, some have argued that monetary
authorities should raise interest rates more than is warranted by
contemporaneous price and output stability objectives alone (Borio
2014).

As monetary policy has a wide impact on both the economy and
financial markets, setting interest rates higher than suggested by
the central bank monetary policy rule might be costly in terms of
lower inflation and lower output. For this reason, other policymakers
believe that financial stability should be achieved separately through
targeted financial regulation and supervision (e.g., Svensson 2014).
Monetary policy should then be used at most to “clean”; i.e., policy
should stabilize output and inflation after the bust in asset prices
has occurred (Greenspan 2002, Mishkin 2011).

There is a middle ground: even if monetary policy is viewed as
the last line of defense, there might be a case for monetary policy
intervention to address financial stability concerns when large finan-
cial imbalances affect the short-term outlook for output and infla-
tion. Moreover, when a low interest rate environment has encour-
aged the buildup of broadly based—as opposed to sector-specific—
imbalances, monetary policy might complement macroprudential
policy and directly contribute to financial stability.1 However, this
view relies on the efficacy of leaning when imbalances are higher
than normal.

1See Smets (2014) for a detailed summary of the views on the role of monetary
policy and macroprudential policies in promoting the soundness of the financial
system.
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In all of these cases, the rationale for central bank intervention
rests on the assumptions that monetary policy is able to reverse the
buildup of excess leverage and that “leaning against the wind” poli-
cies can be beneficial. However, the effect of monetary policy inter-
ventions on key risk indicators—such as the debt-to-GDP ratio—is
a priori ambiguous: on the one hand, contractionary policies might
lower both debt and the probability of a future crisis over the
medium run, while on the other hand, they might have a negative
impact on inflation and real activity in the short run. Thus, there
are a number of outstanding questions facing policymakers. How
effective is monetary policy in lowering the leverage of the private
sector along with the subsequent likelihood of a financial crisis? Does
this happen over the short or long run? Is leaning better undertaken
when financial imbalances are low, or should it occur only when the
likelihood of a crisis has become more apparent?

In this paper we contribute to the debate on the leaning versus
cleaning roles of monetary policy by investigating whether monetary
policy can achieve less leveraged and ultimately less risky economies.
We structure our analysis in two steps. In the first step, we assess
whether monetary policy can successfully decrease the leverage of
the private sector, measured via the private debt-to-GDP ratio. As
individual countries have experienced only a small number of finan-
cial cycles and financial crises during the last forty years, it would
be difficult to determine the impact of a monetary policy shock
on financial stability using data from a single country alone. For
this reason we consider a broad cross-section of countries that have
experienced financial cycles and crises of varying amplitude, size,
and timing. In particular, we construct a comprehensive data set for
eighteen advanced economies from 1975:Q1 to 2014:Q4. The data
include measures of real economic activity, prices, credit, and finan-
cial variables. We obtain an aggregate impulse response function of
the private debt-to-GDP ratio to a monetary policy shock by aver-
aging impulse responses estimated from individual country VARs.
In contrast to most of the existing studies, we use sign restrictions
to identify a contractionary structural monetary policy shock while
remaining agnostic about the response of the private debt-to-GDP
ratio.

In the second step, we relate the private-sector leverage to the
likelihood of a financial crisis occurring in the future by using a
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cross-country panel logit regression. Conditional on the response of
the variables to the monetary policy shock and on the panel logit
estimates, we can then evaluate the effects of the unanticipated tight-
ening on the subsequent likelihood of a crisis. Some recent studies
have analyzed the effect of monetary policy shocks on private debt,
while others have focused on the determinants of financial crises.
To the best of our knowledge, this is the first empirical paper that
studies the effects of monetary policy on private debt and its reper-
cussions for the likelihood of financial crises in a unified framework.

Our results provide new evidence on the questions posed above.
A sizable, contractionary monetary policy shock causes real private
debt (in deviation from trend) to rise on impact, as nominal debt
barely responds and inflation falls. As output shrinks, the debt-to-
GDP ratio increases in the short run. In the medium to long run,
output recovers and debt decreases, ultimately resulting in a decline
in the debt-to-GDP ratio. However, as the probability of a financial
crisis increases with the debt-to-GDP ratio, we find that initially a
crisis becomes more likely. A contractionary policy is thus risky in
the short run. Eventually, as the cumulative response of the debt-
to-GDP ratio turns negative, the probability of a crisis drops to a
lower value than it was before the shock. Our analysis thus suggests
the existence of an intertemporal trade-off that is new to the litera-
ture: while an unexpected monetary policy tightening might reduce
leverage and promote financial stability in the long run, it might
actually generate financial fragility in the short run. This inverse J -
curve pattern indicates that additional macroprudential tools may
be required or the economy may have to experience short-term pain
to achieve long-term gain.

A further novel result is that the effectiveness of monetary policy
in mitigating the probability of a financial crisis depends on the cur-
rent leverage of the economy. In general, an unexpected tightening
will ultimately be more effective the higher is the initial debt-to-
GDP ratio with respect to trend, but in the short term, it will be
more destabilizing. Waiting until financial imbalances are quite high
before increasing policy rates can be risky. This result helps policy-
makers evaluate the trade-off between starting to lean sooner rather
than later.

Our paper is related to two growing strands of the literature
that discuss the role of monetary policy and financial stability. The
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first strand examines the role of monetary policy and private debt.
From a theoretical perspective, Gelain, Lansing, and Natvik (2015)
and Alpanda and Zubairy (2017) use a dynamic stochastic general
equilibrium (DSGE) model to find that an unexpected tightening of
policy rates affects real private debt through the housing sector by
increasing mortgage rates and discouraging new lending. However,
it also directly affects the non-housing sectors of the economy. In
these models, only new loans respond to a monetary policy shock.
As these loans represent a small fraction of total debt, the response
of real debt is negative but moderate, implying an increase in the
debt-to-GDP ratio in the short run. Svensson (2013) reaches the
same conclusion using a partial equilibrium model of household debt
dynamics calibrated to the Swedish economy. We include a national
house price index in our model to help account for the importance
of housing market dynamics. Our findings confirm empirically the
results in these structural studies using a broad cross-section of
country experience.

The existing empirical evidence on the effect of monetary policy
on private debt is limited and focuses mostly on single-country esti-
mates (e.g., Angeloni, Faia, and Lo Duca 2015 for the United States,
Laséen and Strid 2013 for Sweden, and Robstad 2017 for Norway).
Goodhart and Hofmann (2008) argue that estimates from individ-
ual countries might be imprecise, and they conduct a panel VAR
analysis of house prices, money, and credit for a sample of indus-
trialized economies. In all of these studies, real debt decreases after
a contractionary monetary policy shock, but there is no consensus
about the response of the debt-to-GDP ratio. Most of these studies
use short-run zero restrictions to identify a monetary policy shock
and constrain debt so as not to respond to a monetary policy shock
on impact.

There is a growing interest in evaluating the role of private-sector
leverage as a potential source of financial instability. Babecký et
al. (2012), Gourinchas and Obstfeld (2012), Schularick and Taylor
(2012), and Aikman et al. (2015) show that private domestic credit
expansion is a significant predictor of financial crises. However, these
papers do not investigate how monetary policy can affect credit. To
the best of our knowledge, we provide the first empirical assessment
of how monetary policy shocks translate into changes in leverage
that affect the likelihood of a financial crisis.
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Finally, a small number of recent papers use structural models to
weigh the benefits and costs of “leaning against the wind” policies.
Ajello et al. (2016) and Alpanda and Ueberfeldt (2016) introduce
DSGE models for the United States and Canada, respectively, where
the economy faces an endogenous probability of a financial crisis that
is a function of private credit conditions. Svensson (2016) constructs
an analytic model—calibrated to the Schularick and Taylor (2012)
likelihood of a crisis—to show that leaning can be expensive, as it
implies that when a crisis commences, the economy is already bear-
ing a higher level of unemployment. Gerdrup et al. (this issue) con-
struct a New Keynesian model in which the likelihood of the econ-
omy entering a financial crisis follows a Markov-switching process
that depends on credit growth. Leaning is also found to be expen-
sive, as it generates more volatile output and inflation in non-crisis
periods. These calibrated studies have highlighted an intertemporal
trade-off faced by monetary authorities: stabilization of output and
inflation in normal times versus decreasing the probability and costs
of a future financial crisis. We show new dynamics for the risk of
contractionary policies and detail whether these policies should be
implemented earlier or later in the cycle.

In interpreting our results, we stress that we are not conduct-
ing a welfare analysis to weigh the benefits and costs of mone-
tary policy tightening. In addition, we do not provide a metric
to weigh short-term losses against long-term gains. Furthermore,
our identified monetary policy shock is not directly interpretable
as a systematic “leaning against the wind” policy. These considera-
tions can be addressed in the context of general equilibrium models
such as in Ajello et al. (2015) and Alpanda and Ueberfeldt (2016).
Therefore, we provide an answer to the question of whether mone-
tary policy could, rather than should, be used to promote financial
stability.

The paper is organized as follows: Section 2 provides some styl-
ized facts regarding the evolution of private debt and the occur-
rence of financial crises. Section 3 describes the panel VAR model
and shows the impulse responses to a monetary policy shock.
Section 4 reports the effects of leverage dynamics on the prob-
ability of a crisis and evaluates the impact of an unanticipated
monetary policy tightening on the likelihood of a crisis. Section 5
concludes.
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2. Private Debt and Financial Crises: Stylized Facts
from Cross-Country Evidence

In this paper, we consider private-sector leverage as an indicator of
financial stability and show that it acts as an important channel
through which monetary policy can affect the probability of a finan-
cial crisis. We start by detailing the data on debt and then turn to
our definitions of financial crises.

2.1 Private Debt

We focus on leverage, as excessively leveraged economies might be
less resilient to shocks and have lower loss-absorption capacities.
Private-sector leverage is measured as the ratio of nominal private
debt to nominal output. Private debt is defined as total credit pro-
vided by domestic banks to the domestic, private, non-financial sec-
tor.2 We base our analysis on private credit provided by banks,
as Jordà, Schularick, and Taylor (2016) stress that bank credit
is the predominant form of private-sector borrowing in advanced
economies. The data for all countries in our analysis are collected by
the Bank for International Settlements (BIS) and cover the sample
1975:Q1 to 2014:Q4.3

Figure 1 shows the weighted average of the debt-to-income ratio
across countries where weights are given by countries’ shares of out-
put.4 In each quarter, the light grey area spans the range of values

2The private non-financial sector includes non-financial corporations, house-
holds, and non-profit institutions serving households. The series capture the out-
standing amount of credit at the end of the reference quarter. Credit covers loans
as well as debt securities.

3The countries included in our sample are Australia, Belgium, Canada,
Denmark, Finland, France, Germany, Ireland, Italy, Japan, Netherlands, New
Zealand, Norway, Spain, Sweden, Switzerland, the United Kingdom, and the
United States. We consider the longest sample for which credit is available for all
countries.

4We compare our data on credit with the aggregate private bank credit to the
private non-financial sector as percentage of GDP shown in Jordà, Schularick, and
Taylor (2016), available at the annual frequency from 1870. The series provided
by Jordà, Schularick, and Taylor shows the same dynamics as the (unweighted)
average of our series. The levels of both series are about 55 percent in 1975, and
rise throughout the sample. They dip slightly to 80 percent in 1995, reach a peak
of almost 120 percent in 2008–09, and plummet in 2010.
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Figure 1. Private Debt-to-GDP Ratio, 1975:Q1–2014:Q4

Notes: Private debt-to-GDP ratio for eighteen advanced economies over the sam-
ple 1975:Q1–2014:Q4. The black line shows the weighted average across countries,
where countries are weighted by their share of output. The light grey shaded area
delimits the range of values of the individual country ratio; the dark shaded area,
the 20 percent and 80 percent percentiles.

(minimum and maximum) across countries, while the dark shaded
area delimits the 20th and 80th percentiles.

Private debt as a fraction of GDP has risen rapidly and sub-
stantially across countries, increasing from an average of about 55
percent in 1975:Q1 to 90 percent in 2014:Q4. The strong rise in lever-
age can be attributed primarily to a substantial increase in mortgage
credit, which represented one-third of bank assets at the beginning
of the twentieth century and constitutes about two-thirds today
(Jordà, Schularick, and Taylor 2015). At the same time, household
borrowing was facilitated by higher levels of financial development
(Chen et al. 2015). The level of the debt-to-GDP ratio shows a high
degree of heterogeneity across countries which increased substan-
tially during the financial crisis. The cross-sectional distribution of
the debt-to-GDP ratio can be explained by different legal and eco-
nomic institutions, including legal enforcement of contracts (e.g., the
time needed to repossess a house (Bover et al. 2016)).

The upward trend in the debt-to-GDP ratio poses some chal-
lenges for empirical analysis. Moreover, the literature that studies
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the determinants of financial crises finds that the short-term dynam-
ics of credit or the deviations of debt-to-GDP from trend, rather
than the level, are significant predictors of crises (e.g., Babecký
et al. 2012, Gourinchas and Obstfeld 2012, Schularick and Taylor
2012, and Drehmann 2013). We therefore use the debt-to-GDP gap,
measured as deviation from a one-sided Hodrick-Prescott (HP) filter
trend, in the analysis that follows. To account for the fact that credit
cycles are characterized by longer duration and larger amplitude
than those of traditional business cycles (Aikman et al. 2015, 2016),
we use a much larger smoothing parameter (λ = 400,000) than the
one commonly used for quarterly data. The resulting trend is thus
very slow moving. This definition of the debt-to-GDP gap is also
adopted under Basel III for the implementation of countercyclical
capital buffers (Drehmann 2013).

While the trend is often ascribed to financial deepening, as
financial innovations granted access to credit markets to previously
unserved households and businesses, gaps in debt-to-GDP ratio may
reflect several causes. For example, credit expansions may be driven
by active risk-taking of financial intermediaries due to incentives that
may not be fully aligned with those of shareholders (e.g., Allen and
Gale 2000 and Bebchuk, Cohen, and Spamann 2010). Alternatively,
shareholder risk appetite may be elevated (Danielsson, Shin, and
Zigrand 2012; Adrian, Moench, and Shin 2013). Widespread opti-
mism may be shared by financial intermediaries and other agents
in the economy (Reinhart and Rogoff 2009; Gennaioli, Shleifer, and
Vishny 2012, 2013; Barberis 2012). In these environments, banks
might have an incentive to underwrite poor-quality loans and seek
risk, posing threats to financial stability. In the analysis that fol-
lows, we implicitly interpret large positive deviations from trend
as reflecting expansions in “bad” credit due to the incentives just
described.

While there seems to be an upward trend in the ratio for all
of the economies considered, the short-term dynamics of individual
countries are quite heterogeneous.5 Figure 2 shows the number of

5For example, while some countries—such as Ireland, Spain, and the United
States—have gone through a large leveraging-deleveraging episode during the
recent financial crisis, others—such as Canada, Switzerland, and Sweden—are
still experiencing an increase in borrowing relative to income.
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Figure 2. Financial Cycles, 1975:Q1–2014:Q4

Notes: Number of countries with debt-to-GDP ratio on average at least 2 per-
cent above (below) trend in grey (black) in a given year. The trend is constructed
using a one-sided HP filter with smoothing parameter of 400,000.

countries in which the debt-to-GDP gap is higher or lower than 2
percent in a given year. The figure suggests that while cyclical fluc-
tuations might be correlated, they are not perfectly synchronized.6

For example, even during the recent financial crisis, when most coun-
tries experienced an increase in debt-to-GDP ratio well above trend,
some countries were deleveraging.

Moreover, looking at individual cross-country correlations, in
some cases debt-to-GDP gaps are strongly positively correlated—
e.g., Finland and Sweden (0.83), Australia and New Zealand (0.86),
or Ireland and Spain (0.88)—while in others, the gaps are negatively
correlated, as in Japan and the Netherlands (–0.70) or Germany and
Sweden (–0.79).

In our data, private-sector credit is strongly procyclical, as the
average contemporaneous correlation between the growth rates of
real output and real private debt is 50 percent. This confirms a
similar result in Jordà, Schularick, and Taylor (2016).

6This finding is consistent with other studies; e.g., Baron and Xiong (2016).
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The evolution of the housing market might be an important
factor that can explain leveraging and deleveraging episodes. In
fact, overvaluations in house prices might reflect high investor risk
appetite and over-optimism, possible sources of large and rapid
credit expansions. Indeed, in our sample, the contemporaneous cor-
relation between debt-to-GDP ratio and real house prices ranges
from 18 percent in Germany to 65 percent in the United States.
Moreover, mortgage loans represent the majority of bank assets.
Therefore, in the analysis that follows, we model the evolution of
house prices and credit dynamics jointly.

2.2 Financial Crises

In our analysis, we construct two alternative measures of financial
crises. In the first, we consider systemic banking crises that involve
a large number of banks and therefore pose a threat to the entire
economy. To identify the crises, we use the classification provided by
Caprio and Klingebiel (2003) and Laeven and Valencia (2012). In
data extending to 2003, Caprio and Klingebiel (2003) identify finan-
cial crises as periods of significant and systemwide financial distress
in the banking system. In a longer data set, Laeven and Valencia
(2012) impose an additional requirement that the distress must be
followed by widespread insolvencies or significant banking policy
interventions.7 In our application, we combine the two data sets.
However, even after the two classifications have been combined, this
definition of financial crises delivers only a small number of episodes
in our sample. Moreover, the crises are difficult to date accurately,
and most episodes coincide with the latest financial crisis of 2008–11.

For these reasons, we consider a second measure of financial sta-
bility risk: large bank equity corrections. Following Baron and Xiong
(2016), we define a large bank equity correction as a decrease in
the realized excess return on the national bank equity index of at
least 25 percent over one quarter, or of at least 35 percent over two
quarters. This definition identifies episodes of distress in the bank-
ing sector that might not lead to a fully fledged systemic banking

7Significant banking policy interventions include, for example, extensive
liquidity support, bank nationalization, asset purchase, deposit freezes, or bank
holidays.
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Table 1. Comparisons: Systemic Banking Crises and
Large Equity Corrections

Equity
Systemic Banking Corrections

LV LV + CK BX

Frequency and Duration
Proportion of Quarters in a Crisis 0.11 0.18 0.14
Number of Crisis Episodes 18 26 88
Average Number of Quarters in a Crisis 16 19 4

Losses
Cumulative Output Change (%) −2.9 −1.2 0.5
Excess Return on Bank Equity (%) −92.8 −66.3 −36.1

Non-Crisis Average
Cumulative Output Change (%) 2.6 2.7 2.6
Excess Return on Bank Equity (%) 7.9 8.9 11.6

Notes: LV refers to the Laeven and Valencia (2012) classification, LV + CK refers to an
integrated data set from Laeven and Valencia (2012) and Caprio and Klingebiel (2003),
and BX refers to the episodes identified as in Baron and Xiong (2016). Losses are computed
on the first four quarters following the start of the crisis.

crisis. However, they clearly show an impaired financial sector and
likely translate into a reduction of the supply of financial services to
the private sector. A monetary policy shock that reduces debt and
leverage might decrease the likelihood of these tail episodes.

Table 1 shows the frequency, duration, and losses associated with
the two definitions of crises. We count twenty-six episodes of sys-
temic banking crises occurring over the sample 1975:Q1–2011:Q4,
of which ten occur during 2007:Q3–2011:Q4. The stricter Laeven
and Valencia (2012) classification identifies eighteen crisis events;
using this definition, most countries have experienced only one cri-
sis, two have experienced two crises (Sweden and the United States),
and three have never experienced any (Australia, Canada, and New
Zealand). Systemic banking crises are accompanied by large output
losses with a cumulative decline in GDP in the first year of the cri-
sis of 2.9 percent on average for the Laeven and Valencia (2012)
data and a decline of 1.2 percent for the integrated data set. This
compares with GDP growth rates of 2.6 (2.7) percent per annum on
average in non-crisis periods. Using the two combined data sets, the
average duration of the crises is nineteen quarters.



Vol. 13 No. 3 Monetary Policy, Private Debt 349

Figure 3. Frequency of Systemic Banking Crises and
Bank Equity Corrections, 1975–2011

Notes: Number of countries in a systemic banking crisis or large bank equity
correction in a given year. A country is counted as having experienced a crisis
episode in a given year if it has experienced a crisis episode in at least one quarter
of that year. The classification of systemic banking crisis is based on Caprio and
Klingebiel (2003) and Laeven and Valencia (2012). We follow Baron and Xiong
(2016) for large bank equity corrections.

Large bank equity corrections are more frequent than systemic
banking crises, with eighty-eight occurrences of the former. How-
ever, they are shorter lived, lasting an average of only four quarters.
They are also less severe disruptions to the financial system: while
the excess rate of return on bank equity is –36.1 percent during the
first year of a correction, this is smaller than the 92.8 percent and
66.3 percent declines recorded during the two types of systematic
crises. GDP grows by a scant 0.5 percent during the first year of
a bank equity correction compared with 2.6 percent growth during
all non-crisis periods. Thus, bank equity corrections are far more
numerous but less costly.

Figure 3 shows the frequency of systemic banking crises and large
bank equity corrections for each year in our sample. Large bank
equity corrections are more evenly distributed than systemic banking
crises. In general, systemic banking crises are accompanied by large
equity crashes, at least in the first year. We also observe episodes of
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large bank equity drops that were not followed by systemic banking
crises, such as the crashes in the early 2000s, contemporaneous to
the stock market downturn of 2002.

To provide additional insight, we conduct an event-study analysis
in which we show the dynamics of bank equity returns, debt-to-GDP
gaps, output gaps, and house price gaps during an event window
that runs from eight quarters before to eight quarters after a crisis
episode. Figure 4 shows the average of variables around a systemic
banking crisis (panel A), and a bank equity correction (panel B). The
qualitative patterns of the variables are very similar across the two
types of crisis episodes. Bank equity returns fall with the beginning
of the crisis, but the largest drop occurs after five quarters in the case
of systemic banking crises. Returns are both lower and more volatile
following the crisis. In the run up to a crisis, debt-to-GDP gaps are
positive and large, especially for systemic banking crises. While we
observe some deleveraging right before the onset of the crisis, the
speed of the adjustment in the debt-to-GDP ratio increases in the
aftermath of the crisis. Both types of crises are associated with a
significant decline in the output gap, which fails to close within the
first two years. However, the recovery is more sluggish for systemic
banking crises. As in the case of debt-to-GDP gaps, house prices are
higher than trend before the crisis, but they start to decline two to
three quarters before the onset of both types of crises and continue
to correct after that. While the dynamics are qualitatively similar
across crises, the magnitude of the drops in output gaps, bank equity
returns, and house prices suggests that systemic banking crises are
more costly than large bank equity corrections.

3. Monetary Policy and Financial Cycles

3.1 VAR Model

We conduct a cross-country analysis that yields an estimated aver-
age response of the debt-to-GDP ratio to a typical monetary pol-
icy shock across countries and across time. Rather than estimating
a panel VAR which assumes that countries are “similar enough”
to pool their credit cycles, we estimate individual country VARs
and pool the individual impulse responses. We thus do not impose
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Figure 4. Event Study

Note: Average of selected variables around crisis episodes: systemic banking
crises (panel A); large bank equity corrections (panel B).

dynamic homogeneity, which can deliver biased estimates of the
autoregressive coefficients in dynamic panel models even when T
is large (Pesaran and Smith 1995). Dynamic heterogeneity might be
induced by cross-country variation in the degree of financialization



352 International Journal of Central Banking September 2017

and other idiosyncratic characteristics that affect the transmission
mechanism of monetary policy.

The eighteen country-i VARs each take the form

Yi,t = Ai +
p∑

l=1

Bi,lYi,t−l + εi,t i = 1, . . . , 18,

where Yi,t is a K × 1 vector of endogenous variables, Ai is a K × 1
vector of country-specific intercepts, Bi,l is a K × K matrix of
autoregressive coefficients, and εi,t is a K × 1 vector of errors with
εi,t ∼ N (0,Σi). The vector of endogenous variables includes real
output, inflation, a short-term interest rate, the real national house
price index, and the private debt-to-GDP ratio. Real variables are
obtained by deflating nominal variables by the CPI (all items). Out-
put, house prices, and the debt-to-GDP ratio are expressed in per-
centage deviation from the trend calculated using a one-sided HP
filter. Inflation is the quarter-over-quarter log-difference in CPI (all
items). The short-term interest rate is the three-month Treasury-bill
(T-bill) rate.

We estimate the model by least squares with a lag length of two
over the sample period 1975:Q1–2014:Q4. A monetary policy shock
is identified via sign restrictions as in Uhlig (2005). We impose the
restriction that after a contractionary monetary policy shock (an
increase in the short-term interest rate, normalized to a 100 basis
point response on impact), both the output gap and inflation do
not increase. In order to capture the effects in the housing market,
the response of property prices is also restricted to be non-positive.
The restriction imposed on real house prices is consistent with DSGE
models that incorporate a housing sector such as Iacoviello (2005) or
Iacoviello and Neri (2010) and the semi-structural model of Svensson
(2013). Responses of all variables are constrained only on impact.

We remain agnostic about the behavior of the debt-to-GDP ratio
by not restricting its response. For the numerator, an increase in the
interest rate will likely discourage lending by increasing borrowing
costs. However, a higher policy rate will also lower the inflation rate,
further increasing the real cost of borrowing on the one hand, but
increasing the real value of the existing debt stock on the other.
Therefore, the total effect of a monetary policy shock on real debt
will depend on how monetary policy interventions transmit to both
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mortgage rates and inflation. For the denominator, the shock will
cause output to decline. Thus, the response of the debt-to-GDP ratio
is a priori unclear and depends on the relative size of the responses
of debt and output.

In the case of sign restrictions, inference is complicated by the
fact that the impulse responses are not point identified, but only
set identified; i.e., impulse responses are bounded up to an interval
(Moon and Schorfheide 2012). While most of the existing literature
uses Bayesian methods to derive the highest posterior density inter-
vals in these models, we conduct inference using the novel frequen-
tist procedure outlined in Moon, Schorfheide, and Granziera (2013),
which is based on a Bonferroni approach. We prefer the frequen-
tist approach, as the Bayesian approach for set-identified models is
sensitive to the choice of priors even in large samples (Moon and
Schorfheide 2012, Giacomini and Kitagawa 2015). Average impulse
responses across countries are obtained by pooling individual coun-
try responses with weights corresponding to the country share of
output.

3.2 Impulse Responses

Figure 5 shows the impulse response functions of each variable after
an unanticipated 100 basis point increase in the short-term rate. We
show the 68 percent confidence interval for the impulse responses as
well as the average of the confidence set.

After a sizable, contractionary monetary policy shock, output
falls below potential for about ten quarters. Inflation also falls, but
by less than output, and the response becomes insignificant after one
year. The private debt-to-GDP ratio increases on impact, although
the response is only slightly significantly different from zero. The
ratio falls below trend in the medium and long run.

To help with the interpretation of this latter result, we also
compute the impulse responses of the real private debt and nom-
inal private debt in deviation from a one-sided HP-filter trend. The
responses are obtained from analogous structural VAR models where
the real or nominal debt is used in place of the private debt-to-
GDP ratio. These additional exercises, shown in figure 6, reveal
that the monetary policy shock causes only a moderate reduction
in nominal debt on impact. Similar to the results in Svensson (2013)
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Figure 5. Responses to a Monetary Policy Shock

Notes: Impulse response functions after a 100 basis point contractionary mon-
etary policy shock. Dashed lines indicate the average response; shaded areas
indicate 68 percent confidence set obtained with the frequentist procedure in
Moon, Schorfheide, and Granziera (2013).

and Gelain, Lansing, and Natvik (2015), the stock of nominal debt
exhibits considerable inertia, as agents find it difficult to change
existing contracts. Given that the fall in inflation is larger than the
reduction in nominal debt, after a monetary policy shock real debt
rises on impact. As nominal debt further decreases and inflation
quickly rebounds, real debt falls below trend from the first quarter
after the shock.

As output shrinks on impact, the debt-to-GDP ratio rises by
about 0.85 percent (figure 5). However, starting from the first
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Figure 6. Responses to a Monetary Policy Shock:
Nominal Debt and Real Debt

Notes: Impulse response functions of nominal debt (panel A) and real debt
(panel B) after a 100 basis point contractionary monetary policy shock. Dashed
lines indicate the average response; shaded areas indicate 68 percent confidence
sets.

quarter after the shock, debt decreases and the output gap becomes
smaller (in absolute terms). As the decline in the debt is larger than
the fall in output, a tightening of monetary policy will decrease the
debt-to-GDP ratio in the medium run and long run, starting after
approximately six quarters. After five years from the initial tighten-
ing, the debt-to-GDP ratio is about 14 percent lower in percentage
deviation from trend than before the tightening.

The effect of the monetary policy shock is more pronounced on
house prices than it is on either real output or real debt. While
house prices and output respond by roughly the same magnitude on
impact, after two quarters the response of house prices is more than
twice as strong as that of output. This result is consistent with other
structural panel VAR studies such as Assenmacher-Wesche and
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Gerlach (2008). House prices dip by about 3 percent one year after
the shock and recover only in the long run.

Our results can be compared with a number of others from the
literature. Using Norwegian data that runs from the mid-1990s to
2013, Robstad (2017) finds that the debt-to-GDP ratio rises fol-
lowing a contractionary monetary policy shock. However, Laséen
and Strid (2013) conduct a similar analysis using Swedish data and
report a decline in the debt-to-GDP ratio after a tightening. Using
a pre-financial crisis sample of U.S. data, Angeloni, Faia, and Lo
Duca (2015) find that both industrial production and household debt
decline over all horizons considered. Although they do not provide
the response of the debt-to-GDP ratio, the relative changes in the
household debt and industrial production suggest that the debt-to-
GDP ratio increases slightly in the short run but falls, although only
moderately, in the long run. All of these studies are based on single-
country evidence and restrict real debt not to change on impact in
response to a contractionary monetary policy shock.

Our results are more comparable with those of Goodhart and
Hofmann (2008), who estimate a panel VAR on seventeen countries
over the 1970–2006 period. They do not restrict the contempora-
neous response of debt. As in our analysis, after a 100 basis point
increase in the interest rate, real debt and the debt-to-GDP increase
on impact. However, while both debt and output decline from the
second quarter after the shock, the response of debt is much stronger
than the response of output. This leads to a substantial decline in
the debt-to-GDP ratio in the medium and long run. The response
of the debt-to-GDP ratio in our paper is qualitatively consistent
with the structural studies of Svensson (2013), Gelain, Lansing, and
Natvik (2015), Chen and Columba (2016), and Alpanda and Zubairy
(2017).

3.3 Robustness Analysis

In this subsection we present a series of robustness checks on the
VAR model. The characteristics of residential mortgage markets may
affect the transmission of monetary policy (Assenmacher-Wesche
and Gerlach 2008; Garriga, Kydland, and Sustek 2013). In particu-
lar, the proportion of fixed versus variable mortgage rates matters
for the response of house prices, residential investment, and output
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to a monetary policy shock. We therefore investigate whether the
responses of debt gaps and debt-to-GDP gaps differ according to
the mortgage scheme by estimating the panel VAR on two subsam-
ples of countries which are grouped according to their prevailing
mortgage structure (Tsatsaronis and Zhu 2004). Panel A of figure 7
shows that the effect of a monetary policy tightening on the debt-
to-GDP ratio is qualitatively and quantitatively very similar across
the two samples.

We have examined a number of alternative specifications of the
model. In the benchmark specification we prefer using the three-
month rate rather than the target rate to mitigate the issues asso-
ciated with the zero-lower-bound constraint, binding at the end of
our sample. In a second experiment, we repeated our estimation
with the policy rate in place of the three-month rate. Long-term
interest rates are relevant for debt dynamics, as they will affect mort-
gage subscriptions. Hence, in a third exercise we add long rates to
the variables in our baseline VAR specification. As the transmis-
sion of monetary policy might have been distorted during the finan-
cial crisis, in a fourth experiment we limit our estimation sample to
2006:Q4.

The results of these additional exercises are shown in panel B of
figure 7. The impulse response functions are generally well within
the confidence bounds of the baseline model throughout all horizons
considered.

Despite its long-standing tradition in macroeconomics, the HP
filter presents some drawbacks. Specifically, it generates spurious
dynamic relations and is subject to the end-of-sample problem, i.e.,
the filter produces a trend component that is close to the observed
data at the beginning and at the end of the sample. For these rea-
sons, we have tried using data detrended by taking log-differences
for output, house prices, and the debt-to-GDP ratio. We find that
on impact the debt-to-GDP ratio in log-differences rises by more
than the debt-to-GDP gap. However, the response for log-differences
quickly converges to zero, as it is less persistent than the response
of the gap. Log-differenced data would imply a permanent effect of
monetary policy shocks on the level of the variables. Therefore we
prefer working with HP-filtered series.

As further checks on the robustness of our results, we tried dif-
ferent identification strategies of the monetary policy shock. First,
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Figure 7. Impulse Response Functions:
Robustness Analysis

Notes: Impulse response functions of debt-to-GDP in deviation from trend after
a 100 basis point contractionary monetary policy shock. Dashed lines indicate
the average responses from different robustness experiments; shaded areas indi-
cate the 68 percent confidence set for the impulse responses obtained from the
baseline VAR.

we added a zero restriction on impact for output to the sign restric-
tions imposed on the other variables. While the qualitative response
did not change, imposing a zero response on output dampens the
impact of the monetary policy shock on the debt-to-GDP gap, as
shown in panel C of figure 7.
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Finally, we try to identify the monetary policy shock, resorting
to short-run restrictions. In a first experiment where house prices
and debt-to-GDP are ordered after the interest rate, we find qual-
itatively similar results to the ones obtained using sign restrictions
for house prices, and the debt-to-GDP ratio, although the response
is muted (panel C of figure 7). In a further experiment where the
interest rate is ordered last and therefore debt cannot respond to
monetary policy shocks on impact, we find that, differently from the
sign-restriction identification strategy, in the short run debt-to-GDP
ratio does not increase, while the medium- and long-run response is
analogous to the one generated via sign restrictions.

We conclude that our specification is robust to a number of
alternative scenarios.

4. Leverage Dynamics and Financial Stability Risks

We have shown that a monetary policy tightening decreases the
debt-to-GDP gap, at least in the medium to long run. Although the
magnitude of the decrease seems moderate, to evaluate its impor-
tance we should understand how the dynamics of the ratio affect the
soundness of the financial system. The recent literature finds that
a rapid expansion in credit is associated with a higher likelihood
of experiencing a systemic banking crisis or a financial crisis reces-
sion (Gourinchas and Obstfeld 2012; Jordà, Schularick, and Taylor
2015). Baron and Xiong (2016) show that rapid credit growth may
also lead to a large correction in bank equity prices.

The mechanism at work is the following: a large and rapid expan-
sion of bank credit might drive funds to private-sector borrowers
with poor credit quality, exposing banks to a higher number of
defaults in case of adverse shocks. Such shocks may lead to a sharp
drop in banks’ equity prices. Because of the leading role played by
banks in providing credit to the private sector, a sizable correction
in the bank equity index might cause a decline in the supply of
credit as leverage constraints become binding. Large drops in equity
prices and the consequent depletion of bank capital might then
trigger a systemic banking crisis which might require government
interventions.

In this section we evaluate how reductions in leverage will trans-
late into a less risky financial system by quantitatively assessing
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the linkages between deviations of debt-to-GDP from trend and the
likelihood of a banking crisis.

4.1 Assessing the Likelihood of a Crisis

In order to understand the role of excessive credit as a source of
financial instability, we estimate its impact on the probability of a
systemic banking crisis or a large bank equity correction occurring
in the near future using a panel logit regression framework. We fol-
low Schularick and Taylor (2012) in using a cross-country panel, as
the number of episodes for each country is limited and inference
conducted on a single country may be misleading.

Following Gourinchas and Obstfeld (2012) and others, we con-
struct a forward-looking dummy variable for crisis events as follows.
Define fk

i,t to be the dummy variable that takes the value of 1 if a
financial stability risk episode of type k starts within the next eight
quarters in country i. The variable k = {sb, ec} indicates the two
types of crises that were detailed in section 2.2, where “sb” denotes a
systemic banking crisis and “ec” an equity correction. We consider
a horizon of eight quarters, which is of interest to monetary pol-
icy authorities. To reflect the uncertainty in the dating of the crisis
episodes, we let fsb

i,t take the value of 1 in the first year of the crisis
also.

Thus, our panel logit regression takes the form

Pr
(
fk

i,t = 1 | δk
i , xi,t

)
=

exp
(
δk
i + βkxi,t

)

1 + exp
(
δk
i + βkxi,t

) ,

where xi,t is the set of explanatory variables. All specifications
include country-specific fixed effects (δk

i ) to allow for cross-country,
time-invariant heterogeneity. Note that we run two separate regres-
sions: in the first one the endogenous variable is a dummy indi-
cating an upcoming systemic banking crisis (k = sb), while in
the second it is a dummy indicating a future bank equity index
correction (k = ec). Further, for both of these crisis-type events,
we consider two regression models: one that includes only the
debt-to-GDP ratio in deviation from trend, and a second one that
includes all of the variables used in the VAR. By including only the
debt-to-GDP ratio in the first regression, we impose that the other
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Table 2. Panel Logit Regressions

Systemic Bank Equity
Banking Crises Corrections

(1) (2) (3) (4)

debt/gdpt−1 0.128∗∗∗ 0.128∗∗∗ 0.027∗∗ 0.031∗∗

(0.0359) (0.0410) (0.0136) (0.0144)
gdpt−1 0.0136 0.145∗

(0.127) (0.076)
inf t−1 0.0575 −0.324∗∗

(0.241) (0.127)
it−1 0.0493 −0.034

(0.0725) (0.0344)
rhpt−1 0.0287 0.003

(0.0207) (0.009)
Observations 2,324 2,284 2,455 2,415
R2 0.167 0.223 0.014 0.064
χ2 12.626 18.312 4.089 19.313
p-value 0.000 0.003 0.043 0.002
Hit Rate 0.650 0.658 0.589 0.593
Standard Error 0.007 0.007 0.009 0.016
Quadratic Probability Score 0.163 0.153 0.357 0.344
Standard Error 0.015 0.016 0.002 0.017
AUROC 0.715 0.757 0.624 0.678
Standard Error 0.018 0.017 0.012 0.012

Notes: Estimates of a panel logit with country fixed effects. The dependent variable is the
occurrence of a systemic banking crisis (columns 1–2) or large equity corrections (columns
3–4) between horizon t + 1 and horizon t + 8 quarters. “Systemic banking crises” refers
to the integrated LV + CK data set, while “bank equity corrections” is defined similarly
to Baron and Xiong (2016). Debt-to-GDP ratio is expressed in percentage deviation from
an HP-filtered trend. Significance levels at 10, 5, and 1 percent are denoted as *, **, and
***, respectively. R2 refers to the pseudo R-squared. Robust standard errors are obtained
using the multiway clustering (country and time) of Cameron, Gelbach, and Miller (2011).

variables affect the probability of a crisis only through their effects on
leverage.

Table 2 shows the results of the panel logit model for the two
types of crises and the two sets of regressors. We focus on system-
atic banking crises first. The debt-to-GDP ratio is a positive, highly
significant predictor of systemic banking crises (table 2, column 1).
As the other variables from the VAR are not statistically significant
predictors (column 2), we will use the debt-to-GDP ratio as the sole
predictor in the subsequent analysis (section 4.2).
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Figure 8. Financial Crisis Predicted Probabilities

Notes: Probabilities are obtained from a panel logit regression in which the
dependent variable is a dummy taking the value of 1 if a systemic banking crisis
(panel A) or a large bank equity correction (panel B) occurs within the next
eight quarters. The logit models, described in detail in section 4, include only the
country fixed effect and the lagged debt-to-GDP ratio.

It is important to assess the fitted value of the model to under-
stand the adjustments to the likelihoods that result from monetary
policy innovations. Panel A of figure 8 shows the fitted values of the
model for systemic banking crises across the countries in the sam-
ple, over the range of debt-to-GDP ratios experienced in sample.
The graph shows that when the debt-to-GDP ratio is at its trend
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level, the estimated probability of a crisis starting sometime in the
next two years ranges from approximately 1 to 12 percent. When
the ratio is below this value, the probabilities compress to low lev-
els. What is more interesting is the sharp increase in the likelihood
of the onset of a financial crisis when the debt-to-GDP ratio moves
above trend. For example, when the debt-to-GDP ratio is 20 percent
above trend, the likelihood of a financial crisis for some countries can
be quite high, at 30 percent or higher. At larger deviations of the
ratio, the likelihoods can increase to 60 percent.

A similar exercise for the model to predict large bank equity
corrections can be undertaken. The coefficient on the debt-to-GDP
ratio is again positive and statistically significant (table 2, column 3).
When the other variables from the VAR are added, we obtain signifi-
cant coefficients on the inflation and output gap measures. However,
the fitted values from the two specifications are similar, so we focus
on the model containing only the debt-to-GDP ratio. It is interest-
ing to note that the fitted values of this model display a more linear
relationship between the debt-to-GDP ratio and the likelihood of an
equity correction (figure 7, panel B). However, we note that the esti-
mated levels may be quite high for this model as well. For example,
when the ratio is at its trend value, the likelihood of a correction
ranges from approximately 5 percent up to 35 percent. When the
ratio is 20 percent above trend level, the likelihood may increase to
15 to 45 percent.

The ability of the debt-to-GDP ratio to forecast both systemic
financial crises and bank equity corrections can be assessed using the
area under the receiver operating characteristic curve (AUROC).
This statistic estimates the likelihood of making correct decisions
(Schularick and Taylor 2012, Jordà 2014). The area varies between
50 and 100 percent. In the results here the values of the AUROC
statistic for models that contain only the debt-to-GDP ratio are 62.4
and 71.5 percent, suggesting that the ratio is more successful in pre-
dicting financial crises and corrections than is a random coin toss.
We note that the values of these statistics are in line with those in
Schularick and Taylor (2012), where the model to predict financial
crises using the growth of private credit has an AUROC statistic of
67 percent.
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4.2 Monetary Policy and Financial Stability Risks

In the previous sections, we completed two separate exercises. In
the first, we derived the response of the leverage of the private
sector (i.e., the debt-to-GDP ratio) to an unexpected monetary pol-
icy tightening. Then, we showed that the ratio, in deviation from
trend, is a significant predictor of systemic banking crises and large
bank equity corrections.

We are now in a position to answer the question as to how mon-
etary policy can ultimately impact financial stability. We assess how
an unanticipated monetary policy tightening affects the probability
of a financial crisis through its effect on the debt-to-GDP ratio. The
estimated impulse response of the debt-to-GDP ratio to a tightening
can be calculated from the VAR model. The panel logit regression
tells us how this affects the probability of a crisis. Given these two
estimates, we compute the changes in the probability of a financial
crisis that can be attributed to the unanticipated monetary policy
shock.

The experiment is conducted as follows. We first compute the
probability of a financial crisis occurring within the next two years
for an initial, given deviation of the debt-to-GDP ratio from trend.
This probability is obtained from the estimated panel logit model in
table 2 that includes only the country fixed effects and the debt-to-
GDP gap as predictors.8 Next, given the cumulative responses of the
debt-to-GDP ratio (in deviation from trend),9 we can compute the
value of the debt-to-GDP gap after the shock and the corresponding
probability of a financial crisis. Finally, by comparing the probability
of a financial crisis before and after the shock, we can assess whether
the tightening has resulted in an increase or a decrease in financial
stability risks.

For example, if we assume that the debt-to-GDP ratio is
at trend before the shock hits, the results of the panel logit

8In this exercise, for all the initial debt-to-GDP gap values considered, we set
the country fixed-effect parameters to their cross-country mean value. We are
thus analyzing the effect of the tightening on the financial stability of a “typical”
country.

9In the case of sign-restricted SVARs, the impulse response can be bounded
up to an interval, rather than a point (Moon and Schorfheide 2012). We base our
analysis on the mean of the identified interval.
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regression imply that the probability of a systemic banking crisis
(for an average country) is about 6 percent. The impulse response
functions in figure 5 indicate that after a monetary policy shock the
debt-to-GDP ratio increases by 0.85 percent, which results in an
increase in the likelihood of a financial crisis to about 6.6 percent.

This exercise can be repeated for all of the horizons considered
from the panel VAR. In addition, as the panel logit model is non-
linear, the effect on the probability of a crisis will depend on the ini-
tial level of the debt-to-GDP ratio. To illustrate the non-linearities of
the model, we repeat our experiment for different initial levels of the
ratio. We thus assume that the debt-to-GDP ratio is at trend, or 5
and 10 percent above trend, before the monetary policy shock occurs.
The results will indicate the differences among the effectiveness of
tightening at different stages of financial fragility.

Figure 9 shows the probability of a systemic banking crisis (panel
A) occurring within the next two years following the unexpected
policy tightening. For all initial debt-to-GDP levels considered, the
probability of a financial crisis rises after the shock, reaching a max-
imum increase approximately one year from the tightening. Then,
as the debt-to-GDP ratio falls, the probability decreases sharply. As
the cumulative effect on the ratio eventually becomes negative, the
likelihood of a crisis falls below its initial value. Thus, five years after
the shock, the likelihood of a financial crisis hitting the economy is
considerably lower than it was before the shock. The magnitudes of
the decreases in risk are quite large.

For example, if the initial debt-to-GDP ratio is 10 percent above
trend, the likelihood of a financial crisis is approximately 18 percent
(figure 9, panel A). Following the monetary policy shock, the decline
in the debt-to-GDP ratio causes a decline of approximately 15 per-
cent in the likelihood of a systemic financial crisis. For lower initial
levels of the debt-to-GDP ratio, the declines are smaller. Indeed,
regardless of the initial debt level, the likelihood of a crisis falls
to between 0 and 5 percent, approximately, at the end of five years.
Thus, the monetary policy tightening is able to reduce large amounts
of tail risk.

A similar inverse J -curve pattern holds for the effect of a tight-
ening on the likelihood of a large bank equity correction (figure 9,
panel B). As these corrections are more common, the initial val-
ues of the likelihoods are higher than are their counterparts for
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Figure 9. Effect of a Monetary Policy Shock
on Crisis Probabilities

Notes: Probability of a crisis occurring within the next two years given the
responses of the debt-to-GDP ratio, following a 100 basis point monetary policy
shock. Probability of a financial crisis is calculated assuming that before the mon-
etary policy shock hits, the debt-to-GDP is (i) at trend, (ii) 5 percent above trend,
or (iii) 10 percent above trend. Shaded areas delimit the 68 percent confidence set.

full-fledged financial crises. For example, the likelihood of a large
decline in bank equity values starting sometime in the next two
years is approximately 31 percent when the debt-to-GDP ratio is 10
percent above trend. After the monetary policy shock, the likelihood
declines rapidly, falling to about 24 percent after five years. We note
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that declines of similar magnitudes are experienced by economies
where the initial debt-to-GDP levels are either at trend or 5 percent
above trend (figure 9, panel B). However, the terminal values of the
probabilities remain higher than for their systemic banking crisis
counterparts. The tightening is thus able to substantially reduce the
likelihood of an extreme left-tail event (i.e., a fully fledged financial
crisis), while it has a much smaller effect on a more moderate episode
(i.e., a large decline in bank equity).

4.3 Robustness Analysis

In this section we estimate some alternative specifications to show
that our results are robust.

First, we estimate the effect of the debt-to-GDP gap on the prob-
ability of experiencing an episode of distress in the financial system,
while taking into account that systemic banking crises can be inter-
preted as more severe events than banking equity corrections. In
fact, table 1 and the upper panel of figure 4 show that systemic
banking crises are accompanied by large declines in equity indexes.
As the two types of crises have a natural ordering, we can estimate an
ordered logit regression model that captures the likelihood of either
type of crisis simultaneously. We thus construct a dummy variable
that takes the value of 1 if a bank equity correction occurs and 2 if
a systemic banking takes place. For quarters in which we experience
both crises simultaneously, we assign the value 2 to the dummy.
Table 3, columns 1–2, shows the results. As in the previous logit
regressions, we find that the debt-to-GDP gap is a highly significant
and positive predictor of crises. The variable retains its significance
when a larger set of regressors is included in the logit model. The
coefficient associated with the debt-to-GDP gap is between the value
estimated in the logit regression for systemic banking crises and the
one estimated for bank equity corrections.

Second, we also estimate the effect of the debt-to-GDP gap on
the probability of experiencing either type of crisis; i.e., we investi-
gate the ability of the debt-to-GDP ratio to simultaneously predict
both financial crises and large bank equity corrections. In this second
exercise we do not distinguish between the two types of financial sta-
bility risks based on their severity. We thus run a logit model where
the dummy variable takes the value of 1 if we will experience either a
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Table 3. Robustness: Logit Regressions

Logit-Pooled
Ordered Logit Crises Episodes

(1) (2) (3) (4)

debt/gdpt−1 0.0508∗∗∗ 0.0538∗∗∗ 0.0487∗∗∗ 0.0483∗∗∗

(0.016) (0.014) (0.017) (0.016)
gdpt−1 0.117 0.142

(0.085) (0.107)
inf t−1 −0.030 −0.038

(0.106) (0.127)
it−1 0.088∗∗ 0.149∗∗∗

(0.037) (0.044)
rhpt−1 0.002 0.016

(0.007) (0.010)
Observations 2,478 2,438 2,478 2,438
R2 0.0255 0.0521 0.059 0.127
χ2 217 357 566 848
p-value 0.000 0.000 0.000 0.000

Notes: Estimates of an ordered logit with country fixed effects (columns 1–2) and
a logit model that pools the crisis episodes (columns 3–4). The dependent variable
is a dummy variable indicating the occurrence of a crisis between horizon t + 1 and
horizon t + 8. The dummy takes the value of 1 for bank equity corrections and 2 for
systemic banking crises (columns 1–2); 1 for either a systemic banking crisis or a large
bank equity correction (columns 1–2). Debt-to-GDP ratio is expressed in percentage
deviation from an HP-filtered trend. Significance levels at 10, 5, and 1 percent are
denoted as *, **, and ***, respectively. R2 refers to the pseudo R-squared. Robust
standard errors are obtained using the multiway clustering (country and time) of
Cameron, Gelbach, and Miller (2011).

systemic banking crisis or a large equity correction between horizon
t + 1 and horizon t + 8: table 3, columns 3–4, presents these results.
As can be seen, the debt-to-GDP channel remains significant.

Overall, the results in table 3 corroborate our initial findings.

5. Conclusion

We show that a tightening of monetary policy can have a positive
impact on financial stability in the medium to long run, as it is
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successful in reducing leverage. However, the gains are moderate
and occur approximately three years after the shock. In the short
run, a tightening might instead generate financial instability, as it
would cause further increases in the debt-to-GDP ratio and the prob-
ability of a financial crisis occurring. The inverse J -curve pattern
indicates that monetary policy might not be sufficient to main-
tain financial stability in the short run and additional tools, such
as macroprudential policies, may be needed.

Our results also point to the fact that initial conditions mat-
ter, as the higher the initial leverage, the larger is the increase in
the likelihood of a crisis. It may therefore be dangerous to let the
debt-to-GDP ratio increase substantially above trend. This in turn
suggests that the current debate on the role of monetary policy in
promoting financial stability might oversimplify the issue, as the
benefits and costs of “leaning against the wind” depend on when
the interventions starts.

In interpreting our results, we note that our analysis is based
on the average response of variables over time and across countries.
However, if the cross-country heterogeneity—for example, in macro-
prudential regulations—is not fully captured by fixed effects, the
transmission mechanisms of monetary policy may differ. Similarly,
structural breaks—because of, for example, financial liberalization
or changes in the mandate of the monetary authority—might bias
our responses.

Moreover, we are not conducting a welfare analysis to weigh the
benefits and costs—improved financial stability and deviation of real
activity and inflation from target, respectively—of a monetary pol-
icy tightening. In addition, we are unable to weigh short-term losses
against long-term gains regarding financial stability. Still, we pro-
vide an important analysis in the debate on the cleaning versus
leaning role of central banks by answering the question of whether
monetary policy could lean against the wind and highlighting the
undesired short-term effects of such policies.
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Discussion of “Monetary Policy, Private Debt,
and Financial Stability Risks”

Òscar Jordà
Federal Reserve Bank of San Francisco and U.C. Davis

1. Introduction

Preventing a repeat of the global financial crisis has become a prior-
ity for policymakers. On the regulatory side, banking institutions are
facing pressure to increase capital ratios, they are often confronted
with restrictions on proprietary trading, and larger institutions are
required to stress-test their loan portfolios, to list a few examples. On
monetary policy, interest rate setting is no longer viewed as neces-
sarily limited to achieving price stability and full employment man-
dates. Central banks question with renewed curiosity whether they
should also respond to rapid growth in credit and asset prices by rais-
ing interest rates preemptively. The question itself is not new, and
in the past the answer seemed to be “no.” But the seminal paper by
Schularick and Taylor (2012) and subsequent work has shown rapid
growth of credit relative to GDP to be the single best harbinger of
fragility in financial markets.

The paper by Bauer and Granziera (BG henceforth) should be
viewed against this backdrop. It is not an attempt to determine
whether or not it is optimal for central banks to add financial stabil-
ity as one of the policy objectives to be managed with interest rate
policy. Rather, it asks a narrower, more operational question: Would
raising interest rates to reduce froth in credit and asset markets gen-
erate unwanted financial instability in the short run? The answer
they provide is a surprising “yes” based on careful and sophisticated
empirics.

The reason for this paradoxical result is that output initially
declines more quickly than credit in response to an interest rate
hike. As a result, aggregate “leverage” increases in the short run
before coming down in the medium and longer run. I use “leverage”
here to indicate above-trend growth in the ratio of credit to GDP in
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the aggregate sense, and not its more common usage in finance as
the ratio of credit to assets.

Whether or not this finding is relevant for monetary policy
depends on a number of factors. I will therefore structure my dis-
cussion around three ideas. First, financial crises in the BG sample
are very infrequent. I will provide more context for this risk using a
similar cross-section of countries observed over a longer period, but
at a yearly frequency instead of quarterly. My evidence largely sup-
ports their findings. Because crises happen infrequently, the amount
of “insurance” a central bank will be willing to pay will depend
greatly on how severe these rare events are, a topic I will return to
momentarily.

Importantly, because crises are uncommon, they are relatively
difficult to predict (see Gadea-Rivas and Pérez-Quirós 2015). Pre-
emptive policy will often be implemented to prevent crises that
might not have taken place anyway. These are arguments commonly
made against using monetary policy to achieve financial stability.
That said, BG note that the interaction between crisis risk and
above-trend credit-to-GDP growth is very non-linear. When credit
is well above trend, crisis risk increases very rapidly. In such situa-
tions, the incentives to raise interest rates grow quickly—and so do
the short-run risks that BG emphasize.

My second argument is to document that leverage tends to make
recessions worse, financial or otherwise. This result, first reported
perhaps in Jordà, Schularick, and Taylor (2013), suggests that a cen-
tral bank may wish to restrict credit even if risk of financial crisis is
not yet extreme. Crises may be rare but recessions are not.

The case for using monetary policy to hold back credit is
stronger, it would seem. However, credit booms are also beneficial
since they are associated with longer-lasting expansions. There is
a welfare calculation to be made. How much more growth is there
in an expansion with above-trend credit growth? How large is the
economic loss from a credit boom gone bust? I cannot answer the
exact welfare calculation here. But I can provide evidence compar-
ing the output gains in the expansion with the potential losses in
the recession. Viewed from this angle, it is less clear whether or not
a central bank should aggressively manage credit booms through
interest rate policy. As usual, BG remind us that monetary policy
is about assessing trade-offs in a forward-looking manner.
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Figure 1. Frequency of Financial Crises, 1870–2011
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macrohistory database. See reference for more details.

2. Credit Booms and Financial Crisis Risk

When investigating financial crises, the BG sample, which starts in
1975:Q1, is for all intents and purposes a post–World War II sam-
ple. The reason is that there are no financial crises in advanced
economies during the Bretton Woods era, from the end of World
War II to 1972. Figure 1 illustrates this point by basically extending
BG’s figure 3 all the way back to 1870 using the Jordà, Schularick,
and Taylor (2017b) database1 (JST henceforth). Note that the data
in figure 1 are aggregated into yearly frequency, and they do not
include episodes of bank equity corrections, as figure 3 in BG does.
This explains the minor differences between the two figures.

1See http://www.macrohistory.net/data/.



378 International Journal of Central Banking September 2017

The key calculation in BG is that when credit to GDP grows at
trend, the probability of a crisis in the following two years ranges
from 1 to 12 percent. These numbers can be interpreted as an average
benchmark and indeed match the unconditional probability of finan-
cial crisis in JST. Using a sample of seventeen advanced economies
that nearly matches the BG country cross-section, the probability of
a crisis in any country-year pair ranges from 5 percent to 2.5 percent
depending on the period considered: higher in the pre–World War
II period (excluding World War I), and lower in the post–Bretton
Woods era.

Another way to look at these data is to classify recessions into
financial or normal as Jordà, Schularick, and Taylor (2013) do. A
financial crisis recession refers to a recession in which a financial cri-
sis takes place within a two-year window of its start. Using this more
narrow definition (and a slightly shorter sample including fourteen
countries), full sample results suggest that about 20 percent of reces-
sions could be associated with a financial crisis. The share declines
if one excludes the post–Bretton Woods era.

Crises are rare but not entirely impossible to predict. Like Schu-
larick and Taylor (2012), BG also find that above-trend growth of
credit relative to GDP has some predictive power. Using their pre-
ferred model (column 2 in table 2 of their paper) and focusing only on
systemic banking crises, the area under the receiver operating char-
acteristic (AUROC) curve—a statistic used to assess binary event
prediction that takes values between 0.5 (no better than a coin toss)
and 1 (perfect classification)—is about 0.76. That is, predicting a cri-
sis correctly 75 percent of the time will generate false positives about
25 percent of the time. These results are comparable to what Jordà,
Schularick, and Taylor (2011) report using a similarly specified panel
logit specification.

However, extreme deviations of credit from trend quickly raise
the odds of a systemic event. Due to the non-linear nature inher-
ent in the logit specification, BG show that deviations of credit
from trend 20 percent or higher can result in probabilities of crisis
increasing from the unconditional 1–12 percent range to the 30–60
percent range—a virtual certainty comparatively speaking. Accord-
ingly, the central bank’s decision to raise interest rates to prevent
a crisis depends greatly on how much above trend credit is growing
relative to GDP.
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Figure 2. Impulse Responses to a 1 Percent Interest Rate
Hike: External Instrument Identification, 1948–2013

Notes: Based on Jordà, Schularick, and Taylor (2017a). The external instrument
is based on the trilemma of international finance. Sample based on seventeen
advanced economies. See reference for more details.

3. Credit Makes Recessions Worse,
not Just Financial Crises

Results from the previous section suggest that a central bank may
consider raising rates to curb credit when deviating from trend by
more than some number probably north of 20 percent. Of course, a
great deal more work would be necessary to find what the appropri-
ate trend-deviation threshold is. And in practice, it is always difficult
to determine where the trend is in real time. These are all relevant
operational considerations.

Raising interest rates reduces credit growth, but as BG and a
vast literature on monetary economics shows, it also slows economic
activity down. In fact, using a completely different identification
approach over a different sample than BG, Jordà, Schularick, and
Taylor (2017a) find an almost identical response of output and the
ratio of private credit to GDP as that reported in figure 5 of BG.
Figure 2 thus provides assurance about the main result in BG.

Figure 5 in BG and figure 2 here show that in the short run,
monetary policy may have the unintended consequence of raising
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crisis risk during the first year after the policy is implemented. The
reason is that leverage increases over the first year, and as we saw in
the previous section, more leverage increases the odds of a financial
crisis. This result therefore speaks of the need for the central bank
to be forward looking and to slow credit well in advance of when it
reaches critical levels.

Holding back credit growth may be beneficial in other ways too.
Jordà, Schularick, and Taylor (2013) show that recessions are deeper
and longer lasting when credit grows above average. The sample
in that paper goes back to 1870 and covers fourteen of the eigh-
teen countries considered in BG. The main result is that recessions
associated with financial crises are deeper and longer lasting.

Consider real output per capita. Normalizing relative to year 0
of the recession, in a garden-variety downturn, output declines by
nearly 1.5 percent in year 1, recovers in year 2, and by year 5 is
about 5 percent higher than in year 0. Contrast this to a finan-
cial crisis recession. Output declines by about 3 percent in year 2
(not year 1), and by year 5 has just about recovered its level before
the contraction started. Clearly, financial crisis recessions are much
worse. Figure 3 provides a visual presentation of the two recession
and recovery paths just discussed.

However, regardless of type, higher rates of credit growth during
the preceding expansion make matters worse. In Jordà, Schularick,
and Taylor (2013), when credit to GDP grows at 3 percentage points
above country-specific means on a yearly basis, output declines by
over 2 percent (rather than 1.5 percent), recovers only by year 3
(rather than by year 2), and by year 5 has grown by about half of
what it grows when credit hits its average growth rate. A similar pic-
ture, only slightly worse, describes what happens in financial crisis
recessions.

This discussion makes evident that there may be additional
advantages to holding back credit that go beyond preventing a sys-
temic banking crisis. And such considerations would be expected
to affect the “optimal” trend-deviation threshold for credit to the
downside. But before concluding that central banks should be rais-
ing interest rates to guard against financial instability, it is good
to remember that access to credit is one of the cornerstones to
achieving higher rates of growth. The next section investigates this
trade-off.
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Figure 3. Cumulative Loss from Business-Cycle Peak:
Normal vs. Financial Crisis Recessions, 1870–2008
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Notes: Based on seventeen advanced economies. Data from Jordà, Schularick,
and Taylor (2017a). See reference for more details.

4. Credit Is an Engine of Growth

So far credit appears to have only negative consequences: it increases
financial crisis risk, and it makes recessions deeper and longer lasting.
Moderating credit growth plainly seems like a good idea. However,
there are positive aspects to consider. After all, it is well accepted
that a developed financial system is an important ingredient in
achieving sustained rates of economic growth (Levine 1997).

At a business-cycle frequency, higher rates of credit growth go
hand in hand with higher rates of real GDP growth per capita.
Hence consider the following back-of-the-envelope calculation. Using
the JST data for the post–World War II period, I break down
expansions into those that experienced above-average credit growth
(“high credit” expansions) versus those that were below average
(“low credit” expansions). I then calculate the cumulative change
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in real GDP per capita experienced during the expansion as well as
the loss during the subsequent recession.

High credit expansions have a cumulative growth in real GDP per
capita of nearly 30 percent on average, but the subsequent recession
is deeper. The cumulative real GDP per capita loss is 3.25 percent.
Compare these numbers with those from a low credit expansion.
These are 20 percent and 2 percent, respectively. The evidence is
clear. Although recessions are made worse by high credit growth,
the net gain (comparing high versus low credit expansions and sub-
sequent recessions) is considerable—an 8.5 percent cumulative dif-
ference or about 0.7 percent faster growth per annum. That said, in
a financial crisis recession, most of this advantage is lost since the
recession is much deeper and lasts more than twice as long.

5. Conclusion

BG show that there is a short-run financial stability trade-off should
the central bank decide to use monetary policy to moderate credit.
The odds of a financial crisis increase over the year after an interest
rate hike. Moreover, the odds increase dramatically when credit is
already growing well above trend. The results are robust and consis-
tent with extant results in the literature. It is unclear whether such
an objective belongs in the optimal policy rule. It is clear that pur-
suing such an objective would require the central bank to react in a
decidedly forward-looking manner. The research by BG is a welcome
illustration of this important point.
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The simple and transparent framework for cost-benefit
analysis of leaning against the wind (LAW) in Svensson
(2017a) and its main result are summarized. The analysis of the
policy-rate effects on debt in Bauer and Granziera (this issue)
does not seem to contradict that the effects may be small and
of either sign. The analysis of LAW in DSGE models is com-
plicated and the results of Gerdrup et al. (this issue) may not
be robust. The Svensson (2017a) framework may allow com-
parison and evaluation of old and new approaches and their
results. As an example, it is shown that these three papers
result in very different marginal costs of LAW and that a
realistic policy-rate effect on unemployment is crucial.

JEL Codes: E52, E58, G01.

1. Introduction

“Leaning against the wind” (of asset prices and credit booms) (LAW
for short) refers to a monetary policy that is somewhat tighter (that
is, with a somewhat higher policy interest rate) than what is con-
sistent with flexible inflation targeting without taking any effects on
financial stability into account. LAW has obvious costs in terms of
a weaker economy with higher unemployment and lower inflation. It
has been justified by possible benefits in the form of a lower prob-
ability or smaller magnitude of future (financial) crises (Bank for

∗A first version of this Commentary was presented at the Annual IJCB Con-
ference, held at the Federal Reserve Bank of San Francisco, November 21–22,
2016. I thank the participants of the conference for comments.
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International Settlements 2014, 2016; Olsen 2015; Sveriges Riksbank
2013).

In particular, the BIS has been a strong proponent of LAW,
although, strikingly, without the support of a credible numerical
cost-benefit analysis, as noted in an independent review of BIS
research, Allen, Bean, and De Gregorio (2016, p. 19):

Although the BIS was an early proponent of using macro-
prudential policies to manage the credit cycle, much of the asso-
ciated BIS research and policy advice continued to focus instead
on the use of LAW in monetary policy to mitigate financial sta-
bility risks. Indeed, in the outside world, this is—for better or
worse—the view that the BIS is probably most associated with.
Yet so far the argument for LAW seems to have cut relatively
little ice with those actually responsible for setting monetary
policy. In part, that is because of the lack of convincing evidence
that the expected benefits outweigh the expected costs.

Instead, such cost-benefit analysis has been undertaken outside
the BIS, for example, by Ajello et al. (2016), International Monetary
Fund (2015), and Svensson (2014), with a rather unfavorable out-
come for LAW. The extensive study in the policy paper IMF (2015)
concludes:

The question is whether monetary policy should be altered to
contain financial stability risks. . . . Based on our current knowl-
edge, and in present circumstances, the answer is generally no.

After a thorough discussion of the evidence by the Federal Open
Market Committee at its April 2016 meeting, the minutes, FOMC
(2016), summarize:

Most participants judged that the benefits of using monetary
policy to address threats to financial stability would typically be
outweighed by the costs . . . ; some also noted that the benefits
are highly uncertain.

Previously, San Francisco Federal Reserve Bank President
Williams (2015) had concluded:

Monetary policy is poorly suited for dealing with financial sta-
bility, even as a last resort.
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More recently, my paper Svensson (2017a) (CB for short) (first
version Svensson 2016) provides a simple and transparent frame-
work for a cost-benefit analysis of LAW and benchmark numerical
estimates of its costs and benefits. The result is that, for existing rep-
resentative estimates, the costs exceed the benefits by a substantial
margin. Extensive robustness tests indicate that this result is quite
robust. For example, to overturn the result, the effects of LAW on
the probability or magnitude of a crisis need to be more than five
to forty standard errors larger than the typical empirical estimates
in the literature.

2. Costs and Benefits of LAW

The framework of CB can be summarized as follows: It examines the
effect of LAW on the expected discounted loss, E1

∑∞
t=1 δt−1Lt =∑∞

t=1 δt−1E1Lt, where E1 denotes expectations in quarter 1, δ is a
discount factor, and Lt is the quarter-t loss. The expected quarter-t
loss satisfies

E1Lt = (1 − pt)E1(ũn
t )2 + pt E1(ũn

t + Δut)2

= E1(ũn
t )2 + pt [E1(Δut)2 + 2E1ũ

n
t E1Δut]. (1)

In quarter t ≥ 2 there can be either of two states of the world, either
a non-crisis or a (financial) crisis, denoted n and c, respectively.
There is no crisis in quarter 1. Furthermore, pt denotes the prob-
ability of (having) a crisis in quarter t, conditional on information
available in quarter 1. The variable ũn

t denotes the quarter-t non-
crisis unemployment deviation. It is the deviation in the non-crisis
state of the actual unemployment rate from the unemployment rate
that is optimal under flexible inflation targeting when the possibility
of a crisis is disregarded. Then the first term after the first equality
sign of (1) is the probability of no crisis, 1 − pt, times the expected
non-crisis loss, E1L

n
t = E1(ũn

t )2, the expected loss if there is no crisis
in quarter t.1

1As shown in CB (appendix A), the quadratic loss function Lt = (ũt)2 is an
indirect loss function of deviations from the optimal policy under flexible inflation
targeting when the possibility of a crisis is disregarded. It takes into account a
Phillips curve and the loss from inflation deviating from the inflation target.
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The second term after the first equality sign is the probability of
a crisis times the expected crisis loss, E1L

c
t = E1(ũc

t), the expected
loss if there is a crisis in quarter t. A crisis is assumed to be associated
with a (possibly random) crisis increase in the unemployment rate,
Δut > 0, so the crisis unemployment deviation is ũc

t = ũn
t +Δut, and

the crisis loss is Lc
t = (ũn

t + Δut)2. This crisis increase in the unem-
ployment rate is net of any policy response during a crisis. Thus,
Δut can be interpreted as the unemployment rate increase that is
equivalent to the combination of a demand shock and any shock to
the transmission mechanism of monetary policy associated with a
crisis, net of the conventional and unconventional policy response
at a crisis, including any restriction on the policy response such as
the lower bound of the policy rate. It represents the magnitude of
a crisis. The benchmark assumption is that it equals 5 percentage
points and that the duration of a crisis is eight quarters.

The expected quarter-t loss can be rewritten as the expression
after the second equality sign in (1). There, the expression in square
brackets is the expected cost of a crisis, defined as the expected crisis
loss less the expected non-crisis loss. The expected cost of a cri-
sis is increasing in the expected non-crisis unemployment deviation,
E1ũ

n
t .
LAW is represented by an increase in the policy rate during quar-

ters 1–4, denoted dı̄1 > 0. This increases the non-crisis unemploy-
ment gap, ũn

t . This in turn has two costs of LAW. The first is an
increase in the non-crisis loss, Ln

t = (ũn
t )2. The second—less obvi-

ous, overlooked by the previous literature, but higher—is an increase
in the crisis loss, Lc

t = (ũn
t + Δut)2. A possible benefit of LAW is

from a lower probability of a crisis, pt, which will reduce the second
term after the second equality in (1), the expected cost of a crisis,
pt(E1L

c
t − E1L

n
t ). A second possible benefit is from a smaller mag-

nitude of a crisis, Δut, which will reduce the expected crisis loss,
E1L

c
t = E1(ũn

t + Δut)2.
For an initial zero expected non-crisis unemployment deviation

(E1ũ
n
t = 0), corresponding to an initial situation of no leaning, the

effect of LAW on the quarter-t expected loss is then taken to be the
derivate dE1Lt/dı̄1 = MCt − MBp

t − MBΔut
t ≡ NMCt, where

MCt = 2 ptE1Δut
dE1u

n
t

dı̄1
, (2)
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Figure 1. The Marginal Cost, Marginal Benefits
from a Lower Probability and Smaller Magnitude

of a Crisis, and Net Marginal Cost
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MBp
t = E1(Δut)2

(
− dpt

dı̄1

)
, (3)

MBΔu
t = 2pt E1Δut

(
− dE1Δut

dı̄1

)
. (4)

Here NMCt denotes the net marginal cost of LAW, MCt denotes
the marginal cost, and MBp

t and MBΔu
t denote the marginal bene-

fits from, respectively, a lower probability and a smaller magnitude
of a crisis. Furthermore, dE1u

n
t /dı̄1, dpt/dı̄1, and dE1Δut/dı̄1 denote

the policy-rate effects on (that is, the impulse responses of), respec-
tively, the non-crisis unemployment rate, the probability of a crisis,
and the magnitude of a crisis. In particular, the benchmark estimate
of the policy-rate effect on the non-crisis unemployment rate is a rep-
resentative hump-shaped impulse response that reaches a maximum
of about 0.5 percentage point in quarter 6 and then slowly falls back
to the baseline.

The main result of CB is illustrated in figures 1 and 2 (CB,
figures 5 and 6). Figure 1 shows the marginal cost, marginal bene-
fits, and net marginal cost of a 1 percentage point higher policy rate
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during quarters 1–4 than what is optimal under flexible inflation tar-
geting when the possibility of a financial crisis is disregarded. The
marginal cost, (2), is positive and substantial because of the second
cost of LAW, that the expected crisis loss for a given magnitude of
a crisis, E1L

c
t = E1(ũn

t + Δut)2, is higher with LAW. It is higher
because the crisis would occur when the economy is initially weak,
with higher unemployment and lower inflation, due to LAW. For the
first cost of LAW, the marginal cost is zero when the initial non-crisis
unemployment deviation is zero.2

The marginal benefit from a lower probability of a crisis, (3), is
due to a representative estimate of a negative policy-rate effect on
real debt growth and the effect estimated by Schularick and Taylor
(2012) of real debt growth on the probability of a crisis (shown in
CB, figure 3). The marginal benefit peaks in quarter 17 but then falls
and turns negative after quarter 23. The reason it turns negative is
that monetary policy is neutral and does not affect real debt in the
long run. Then lower real debt growth and a lower probability of a
crisis for some years must be followed by higher real debt growth
and a higher probability of a crisis.

The marginal benefit from a lower magnitude of a crisis, (4), is
due to a negative policy-rate effect on the debt-to-GDP ratio and
the effect estimated of debt to income by Flodén (2014) and of debt
to GDP by Jordà, Schularick, and Taylor (2013) on the magnitude
of a crisis (shown in CB, figure 4).3

Figure 2 shows the cumulative marginal cost, marginal benefits,
and net marginal cost. Clearly, this marginal cost of LAW exceeds
the marginal benefit by a substantial margin.

This result is robust to monetary policy being non-neutral and
having a permanent effect on real debt. Then the marginal bene-
fit from a lower probability does not turn negative as in figure 1.

2Svensson (2017c) discusses the (arguably less realistic) assumptions in the
previous literature about the crisis loss that disregard the second cost of LAW.
They imply that the marginal cost of LAW is zero in an initial situation of no
leaning. This means that some LAW is optimal, if benefits are positive. However,
it is shown that, because the marginal cost rises rather quickly, the optimal LAW
is quite small and hardly economically significant.

3The negative policy-rate effect on the debt-to-GDP ratio used is rather large,
so as to tilt the case somewhat in favor of LAW.
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Figure 2. The Cumulative Marginal Cost, Marginal
Benefits from a Lower Probability and Smaller
Magnitude of a Crisis, and Net Marginal Cost
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The marginal cost and benefits under a permanent effect on debt is
shown in figure 3.

The result is also robust to a smaller policy-rate effect on unem-
ployment; a credit boom with a higher probability of a crisis; a larger
crisis magnitude; a longer crisis duration; less effective macropruden-
tial policy; larger policy-rate effects on the probability and duration
of a crisis; and using debt to GDP, including five-year moving aver-
ages, instead of real debt as a predictor of crises.4 In particular,
as mentioned, to overturn the result, the policy-rate effects on the
probability and magnitude of a crisis need to be more than five to
forty standard errors larger than the representative point estimates,

4Schularick and Taylor (2012) report a specification where the annual growth
of real debt in the logistic function is replaced by the annual growth of debt to
income. Jordà, Schularick, and Taylor (2016) use a five-year moving average of
the annual growth of debt to income. Using the debt-to-GDP ratio instead of
real debt or using five-year moving averages of it instead of five lags leads to a
policy-rate effect on the probability of a crisis and a marginal benefit from a lower
probability of a crisis similar to the one in figures 1 and 2. Thus, the cumula-
tive marginal cost still exceeds the cumulative marginal benefit by a substantial
margin.
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Figure 3. The Marginal Cost, Marginal Benefits
from a Lower Probability and Smaller Magnitude
of a Crisis, and Net Marginal Cost; Permanent

Policy-Rate Effect on Real Debt

0 4 8 12 16 20 24 28 32 36 40
Quarters

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

Pe
rc

en
ta

ge
 p

oi
nt

s

MC

MBp

MB u

NMC

in spite of some of the estimates having large standard errors rela-
tive to the point estimates. Altogether, this indicates that the result
is quite robust.

This contradicts Adrian and Liang (2018), who state that
“[Svensson’s] result that costs exceed benefits relies critically on
assumptions about the change in unemployment in a recession or cri-
sis, the crisis probability, and the elasticity of crisis probability with
respect to the interest rate,” and provide alternative assumptions
that they assert would overturn the result. But Svensson (2017b)
shows that their alternative assumptions are hardly realistic: they
exceed existing empirical estimates by more than eleven, thirteen,
and forty standard errors.

Given the simplicity and transparency of the framework and its
dependence on only a few assumptions and empirical estimates of
the policy-rate effects on unemployment and the probability and
magnitude of a crisis, it is easy to redo the analysis with alternative
assumptions or new alternative or better empirical estimates. This
way the robustness of the result can be further examined.
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3. The Policy-Rate Effect on Debt

As discussed in Svensson (2013), the policy-rate effect on real debt
and the debt-to-GDP ratio is likely to be small and could be of
either sign. The stock of nominal debt, especially mortgages with
long maturities, has considerable inertia. A higher policy rate may
slow down the growth of housing prices and of new mortgages, but
only a fraction of the stock of mortgages is turned over each year.
A higher policy rate also slows down the growth of the price level.
Thus, both numerator and denominator of real debt are affected
in the same direction, making the policy-rate effect on the ratio
smaller and possibly of the opposite sign. This is even more the case
for the debt-to-GDP ratio (a stock divided by a flow) because then
not only the price level but also real GDP enter in the denominator.
The policy-rate effect on the flow of nominal GDP may be larger and
quicker than the effect on the stock of nominal debt. Several recent
papers have indeed found empirical support for a higher policy rate
increasing rather than decreasing the debt-to-GDP ratio (Alpanda
and Zubairy 2014; Gelain, Lansing and Natvik 2015; and Robstad
2014). Nevertheless, CB uses empirical estimates according to which
the policy rate has a negative effect on both real debt and the debt-
to-GDP ratio, thereby stacking the cards in favor of LAW. In spite
of this, the marginal cost of LAW exceeds the marginal benefit by a
substantial margin.

Bauer and Granziera (this issue) (BG for short) provide an inter-
esting and thorough examination of the policy-rate effect on real
debt and the debt-to-GDP ratio. Their measure of the debt-to-GDP
ratio is the percent deviation from a two-sided Hodrick-Prescott fil-
ter. They show for the point estimates of the impulse responses
in their figure 5 (which are GDP-weighted averages of the point
estimates for each country) that the debt-to-GDP ratio initially
increases but that it later decreases. However, they report 68 per-
cent confidence sets rather than 90 percent. If one takes a 90 per-
cent confidence set to be 1.65 times as wide as a 68 percent, it is
apparent that the effect on the debt-to-GDP ratio is not statistically
significant from zero. Furthermore, their impulse responses are sen-
sitive to the identification assumptions used as well as to alternative
specifications, as shown by the robustness tests reported in their
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figure 7.5 In particular, all alternatives (except using the target rate
as the interest rate instead of a three-month rate) show medium-
term responses of the debt-to-GDP ratio closer to zero than the
benchmark response.

I find the impulse response for output in their figure 5, with a
large immediate fall and a medium-term increase (which contributes
to the medium-term fall in the debt-to-GDP ratio), quite unrealis-
tic. I believe there is strong economical and empirical support (not
to speak of practical policy experience) in favor of a U-shaped out-
put response (and a hump-shaped unemployment response) from a
policy tightening with a small or zero response in the current quar-
ter.6 Interestingly, for the added restriction of a zero initial impulse
to output, the medium-term response of the debt-to-GDP ratio in
figure 5 is closer to zero.7

As far as I can see, the results do not contradict that the policy-
rate effects on real debt and the debt-to-GDP ratio are likely to be
small and could be of either sign.8

BG also provide their own estimates of the effect of the debt-to-
GDP ratio. By combining this with their estimates of the policy-rate
effect on the debt-to-GDP ratio, they compute the policy-rate effect

5The impulse responses are also apparently sensitive to using real or nominal
debt instead of the debt-to-GDP ratio in the VAR. From an economic point of
view, nominal debt seems to be the natural variable, given that debt is specified
and displays inertia in nominal terms. See also Brunnermeier et al. (2017).

6The representative output impulse response underlying figures 1 and 2 has
output (translated from the unemployment response with an Okun coefficient of
2) being zero in quarter 1, falling to about 1 percent below the baseline in quarter
6, and then slowly rising back to the baseline.

7Looking at the impulse response of the interest rate in figure 5, with the
interest rate turning negative in the medium term and the inflation response
being small, one might think that the implied response of the real interest rate is
negative in the medium term and that the policy shock is actually expansionary
in the medium term. However, the inflation is apparently quarterly inflation at a
quarterly rate. If multiplied by 4 and expressed as an annual rate and deducted
from the interest rate, the resulting (ex post) quarterly real rate at an annual
rate is actually positive and falling to close to zero in the medium term. Then
the positive medium-term response still looks strange to me.

8Also, with a “financial cycle” as in Drehmann, Borio, and Tsatsoranis (2012)
including real debt and debt to GDP, the policy-rate effect on it is likely to be
small and possibly even of the opposite sign. Consistent with this, the policy-rate
impact on the “leverage gap” in Juselius et al. (2016, table 3) is small, positive,
and not statistically significant.
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on the probability of a crisis within the next two years. Their results
are shown in their figure 9, for the debt-to-GDP ratio being initially
on trend as well as, respectively, 5 and 10 percent above trend. For
a systemic banking crisis, shown in panel A, consider the case for
the debt-to-GDP ratio initially on trend. Then the probability of a
crisis (within the next two years) is initially 6 percent. This can then
be taken to be the probability of a crisis without LAW. With LAW,
the probability of a crisis first rises above 6 percent to a maximum
at 7.8 percent in quarter 5, then falls back to about 6 percent in
quarter 9, and finally falls below 6 percent after quarter 9. (Actu-
ally, the probability of a crisis eventually falls to close to zero, which
is clearly implausible and raises some doubts about the empirical
results.)

Thus, the point estimate of the probability of a crisis is higher
under LAW for several quarters. More importantly, the 68 percent
confidence sets in figure 9 are large and growing with the hori-
zon. The arguably more relevant 90 percent confidence sets are
even larger. All movements are well within the confidence sets, and
any shift is not statistically different from zero. This is consistent
with the observation by some FOMC (2016) participants that “the
benefits are highly uncertain.”

As far as I can see, these results do not provide support for ben-
efits from LAW that might match or dominate the costs shown in
figures 1 and 2.

4. LAW in a DSGE Model

An alternative approach to examine LAW is to introduce LAW in a
DSGE model. It is of course of some interest to examine the conse-
quences of a systematic policy of LAW, including how it might affect
private-sector expectations. But such examination of a systematic
policy requires a complicated DSGE model with, in practice, many
assumptions and complicated parameter estimation. In particular,
the mechanisms and channels through which monetary policy might
affect the probability and magnitude of a crisis should ideally be
included in the model, increasing the complexity of the model and
of the corresponding estimation and calibration. The results will be
heavily model dependent and not very robust. It is always possible
to construct a model in which some LAW is optimal; the crucial and
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difficult questions are how reasonable and realistic the model is and
how robust the results are.

Gerdrup et al. (this issue) (GHKM for short) study the con-
sequences of LAW in a DSGE model of Justiniano and Preston
(2010), a model estimated on data from Australia, Canada, and New
Zealand. The role of credit is not integrated in the model, but credit
developments are modeled as a block separate from the core model.
Credit only affects the probability and magnitude of a crisis and
has no other effects. Importantly, the private sector does not take
the possibility of a crisis into account. The effects of five-year real
credit growth on the probability and magnitude of a crisis are cali-
brated based on a sample of OECD countries. The policy-rate effect
on credit is calibrated to match the response to a monetary policy
shock in the structural VAR model for Norway in Robstad (2014).
A (financial) crisis is represented by a negative demand shock.

Monetary policy is assumed to follow a Taylor-type policy rule.
LAW is represented by the policy rate responding to pre-crisis real
credit growth when it is positive but not when it is negative. Thus,
LAW is asymmetric. The authors choose the response coefficients of
the policy rule to minimize the weighted sum of the unconditional
variances of inflation, the output gap, and the first difference of the
policy rate, that is, using as a loss function

W0 = Var[πt] + λyVar[yt] + λiVar[Δit], (5)

where Var[ ] denotes the unconditional variance.
The authors report several results. In particular, for the given

type of policy rule, a positive response coefficient on real credit
growth is optimal. In that sense LAW is justified in the model. How-
ever, the amount of LAW is arguably quite modest, in the sense that
the policy rate is on average only 18 basis points higher with LAW
than without.

As noted above, figures 1 and 2 show marginal costs of LAW that
exceed the marginal benefits by a large margin. It would be very
interesting to see what the these figures look like for the authors’
model, in order to better understand the authors’ results, but unfor-
tunately all information required is not provided.

For several reasons, I believe the robustness of the authors’
results can be doubted. First, as noted, the results of a DSGE model
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depend on a usually long list of specification choices and estimated
and calibrated parameters. The more complex the model, the more
of a black box it is, and the less clear it is how sensitive it is to alter-
native specifications and parameters. The Justiniano and Preston
(2010) model has no less than forty-seven estimated and four cal-
ibrated parameters. Furthermore, the data behind the calibration
come from several rather different countries, raising the issue of con-
sistency among parameters. Given this, assessing the robustness of
the results is not easy.

Second, more specifically, one obvious test of a model is how rea-
sonable and realistic its impulse responses are. The paper’s figure 3
shows that this model has the property that the policy rate has
its largest effects on current output and inflation. Such impulse
responses are in my mind highly unrealistic. Using realistic impulse
responses is crucial to getting realistic estimates of the two costs of
LAW mentioned above. In particular, a strong immediate policy-rate
effect on output means that, by lowering the policy rate sufficiently,
the central bank can completely neutralize the output effect of the
negative demand shock from a crisis. This matters for the crucial
second cost of LAW. A binding lower bound for the policy rate will
restrict the response, but the role of the lower bound is disregarded
in the paper (for instance, the experiment with a decline in for-
eign interest rates has the policy rate falling by about 10 percentage
points). Instead, the policy is artificially restricted by the interest
rate smoothing imposed (the term (Δit)2 in the loss function below)
and by the restriction to a suboptimal Taylor rule. Without these
restrictions, in this model “cleaning” seems to be an effective way to
manage crises. Given this, it would be more relevant and interesting
to see what optimal policy in the model looks like, with and without
a lower bound for the policy rate.9

9There is a general problem with Taylor-type rules that is overlooked by many
papers examining monetary policy with such rules. Taylor-type rules are normally
suboptimal; they have too few arguments. Optimal policy requires responding to
all relevant state variables, including shocks. Adding an argument to a subopti-
mal policy rule, as is common in many papers on monetary policy, means that
the set of arguments better span the space of state variables and shocks. It is
therefore not surprising if adding an argument, normally any argument correlated
with left-out state variables, reduces the loss.
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Third, there is reason to doubt that the authors use the right
loss function. The authors start from the loss function

W0 = E0

∞∑

t=0

βt[π2
t + λyy2

t + λi(Δit)2]

and state that when β approaches unity the loss function approaches
the weighted sum of unconditional variances in (5). However, the
result of taking the limit is

W0 = lim
β→1−

E0

∞∑

t=0

(1 − β)βt[π2
t + λyy2

t + λi(Δit)2]

= E[πt]2 + λyE[yt]2 + λiE[Δit]2 + Var[πt]

+ λyVar[yt] + λiVar[Δit], (6)

where E[ ] denotes the unconditional mean. In order to use (5) one
first has to show that the unconditional means E[πt] and E[yt] in (6)
are zero (E[Δit] is trivially zero). With an asymmetric policy rule
and a private sector that disregard the possibility of a crisis, the
unconditional means may not be zero. Indeed, the previous Norges
Bank working paper version, Gerdrup et al. (2016, table A.5) reports
that the unconditional means of inflation and the output gap are
lower for an asymmetric LAW than for a symmetric LAW. Thus,
the loss from the unconditional means may need to be considered.

In general, an asymmetric LAW policy with a higher policy rate
implies an equilibrium with lower average inflation and a lower aver-
age policy rate. To see this, take the simplest possible LAW policy,

it = r + πt + θ(πt − π∗) + δ, (7)

where r denotes the average real interest rate, π∗ denotes a fixed
inflation target, and δ > 0 denotes a constant increase in the policy
rate. Take the unconditional mean of (7),

E[it] = r + E[πt] + θ(E[πt] − π∗) + δ. (8)

Assume that the Fisher equation holds, E[it] = r + E[πt]; average
inflation expectations are assumed to equal average inflation. Using
this in (8) implies

E[πt] = π∗ − δ

θ
< π∗,
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E[it] = r + π∗ − δ

θ
< r + π∗.

For δ > 0, average inflation is lower than the inflation target.
Furthermore, the average policy rate is correspondingly lower, not
higher. Everything else equal, this makes the economy more vulner-
able to a binding lower bound for the policy rate. Indeed, if LAW
with a bias towards a higher policy rate is understood by the private
sector and incorporated into expectations, it is like having a lower
inflation target.

Fourth, the authors report that, if the crisis magnitude is exoge-
nous, the (restricted) optimal policy is to lean with the wind. Thus,
the policy-rate effect on the magnitude of a crisis is apparently larger
and more important than the effect on the probability. This stands
in stark contrast to the result in CB, where, also for the case of
monetary non-neutrality and permanent debt in figure 3, the mar-
ginal benefit from a smaller magnitude of a crisis, (4), is signifi-
cantly smaller than the marginal benefit from a lower probability,
(3). In particular, the small policy-rate effect on the magnitude fol-
lows rather directly from the estimates of Flodén (2014) and Jordà,
Schularick, and Taylor (2013), even when a rather large estimate of
the policy-rate effect on the debt-to-GDP ratio is used (so as to tilt
the case in favor of LAW) (CB, figure 4). The authors do not provide
any explanation for their result.

Fifth, the authors assume that five-year real credit growth is the
variable affecting the probability and magnitude of a crisis and they
calibrate the crucial effect on the magnitude to that in Jordà, Schu-
larick, and Taylor (2013). But the latter use credit-to-GDP growth
instead of real credit growth. Importantly, the authors do not demon-
strate that their results are robust to replacing real credit with credit
to GDP.10 Furthermore, the results might be sensitive to what credit
variable enters the Taylor-type rule, but no corresponding robust-
ness tests are provided. The paper now has quarterly real credit
growth in the policy rule. Given that five-year real credit growth
is the variable that is assumed to affect the probability of a crisis,
one might think that the policy rate should respond to that vari-
able. But the previous working paper version, Gerdrup et al. (2016,

10CB (section 4.9) reports that its result are robust to using debt to GDP and
five-year moving averages instead of real debt.
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footnote 2), reports that the policy rate responding to five-year real
credit growth leads to equilibrium indeterminacy. Gelain, Lansing,
and Natvik (2015) also show that responding to the debt-to-GDP
ratio or the real debt level leads to indeterminacy. There is thus
reason to doubt the robustness of the policy rule used. Deriving the
unrestricted optimal policy might perhaps have thrown some light
on these issues.

Sixth, suppose that the probability and magnitude of a crisis
depend on the effect of real debt growth, as in the paper. Sup-
pose that monetary policy is neutral and has no effect on real debt
in the long run. Then, if monetary policy manages to reduce real
debt growth for some period, after that period real debt growth
must eventually increase to reach the same level of real debt in the
long run. Then the probability and magnitude of a crisis is shifted
between periods, but the effect on the average probability and mag-
nitude is small or zero.11 If instead monetary policy is neutral and
there is a permanent effect on real debt, the average probability and
magnitude may be affected.

Indeed, the impulse response of five-year real debt growth in
the paper’s figure 3 shows real debt growth falling to almost −0.8
percent during quarters 8–20 and then rising back to zero, but not
becoming positive. That is, there is implicit monetary non-neutrality
and a permanent effect on real debt. The authors do not discuss this
issue and provide no rationale for monetary non-neutrality. Any rea-
sonable microfoundations for debt would normally imply monetary
neutrality.12

Seventh, the paper assumes that only the central bank but not
the private sector takes the possibility of a crisis into account. The
previous working paper version of the paper (section 7) notes that
the case for LAW is weaker if the private sector internalizes the pos-
sibility of a crisis. Given this, an information campaign, including a
regular financial stability report, might increase the private sector’s
awareness of a crisis and be a substitute for LAW. Indeed, given the
current discussion of financial stability issues and risk in the media

11If the logistic function for the probability of a crisis is sufficiently non-linear
and increases and decreases in the probability are finely timed, the net effect on
the average probability need not be zero, but it is still likely to be small.

12The same consequences of monetary neutrality and non-neutrality apply if
the probability and magnitude depend on the growth of the debt-to-GDP ratio.
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and among policymakers, it is not obvious that the private sector
would underestimate the probability of a crisis.

Eighth, all credit in the model is by assumption “bad credit” in
the sense of increasing the probability and magnitude of a crisis and
having no beneficial effects on the economy. A point with a DSGE
model is normally to provide better microfoundations, but there are
no microfoundations for credit in this model. If credit is incorpo-
rated into the model and provides some benefits, the costs of LAW
would increase. For example, Alpanda and Ueberfeldt (2016) incor-
porate credit in their model and show that costs of LAW, taking
into account that it hurts borrowers, normally exceed the benefits
from a lower probability of crises.

Furthermore, when the role of credit is integrated with micro-
foundations in the model, the relative effectiveness of monetary
policy and macroprudential policy can be assessed. For example,
Korinek and Simsek (2016) show that macroprudential policies can
be quite effective in dealing with excess household debt and that
interest rate policies are likely to be inferior in this respect. Alpanda
and Zubairy (2014) incorporate housing and household debt in a
DSGE model and find that macroprudential measures to reduce
household debt are more effective and less costly than monetary pol-
icy. Chen and Columba (2016) analyze the effects of macroprudential
and monetary policies and their interactions in an estimated DSGE
model tailored to Sweden. They find that demand-side macropru-
dential measures are more effective in curbing household debt ratios
than monetary policy, and they are less costly in terms of foregone
consumption. Indeed, when credit is introduced as in Gerdrup et
al. (this issue), it is trivial that a macroprudential policy restrict-
ing credit is preferable to monetary policy (see the Svensson 2012
comments on Woodford 2012).

In summary, for several reasons mentioned, the authors’ results
are unlikely to be robust.

5. A Framework for Comparison of Results

The simplicity and transparency of the CB framework—in particu-
lar, its dependence on only a few assumptions and estimates—make
it a possible candidate for a comparison of different results about
the costs and benefits of LAW. From (2)–(4) it follows that, for a
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comparison, what is required are assumptions about or estimates of
(i) the probability of a crisis in future quarters, (ii) the expected
magnitude of a crisis, (iii) the expected duration of a crisis, and the
policy-rate effects on (iv) unemployment or output, (v) the prob-
ability of a crisis, and (vi) the magnitude of a crisis. With these
building blocks, the marginal costs of LAW and the marginal bene-
fits from a lower probability and smaller magnitude of a crisis can be
constructed and compared and robustness and sensitivity analysis
conducted.

Also for approaches that examine LAW in DSGE models, it
seems that it should always be possible to construct these build-
ing blocks, including impulse responses of unemployment or output
and of the probability and magnitude of crises. A comparison within
this framework should at least provide some information that helps
in understanding and evaluating different approaches and results.

An extensive analysis of different new and old approaches and
results with the use of the CB framework is left for a separate paper.
Here I will just show an example for the marginal cost of LAW.
Above I noted that I found the impulse responses of output to the
policy rate in BG and GHKM to be highly unrealistic. Here we will
see what marginal costs of LAW they imply and how these differ
from the CB benchmark marginal cost.

In figure 4, the hump-shaped solid black line shows the CB bench-
mark policy-rate effect on (that is, the impulse response of) the
unemployment rate (dE1u

n
t /dı̄it).13 The solid green line rising from

zero to above 6 percent in quarter 9 and then falling back to 6 per-
cent shows the CB benchmark probability of (having) a crisis for
each quarter (pt). It is given by a Markov process but is approxi-
mately equal to the sum of a crisis start in the last eight quarters,
under the assumptions that there is no crisis is quarter 1, that the
benchmark quarterly probability of a crisis start is 0.8 percent, and
that the duration of crises is eight quarters.

From (2) and the benchmark assumption that the crisis increase
in the unemployment rate (Δu) is 5 percent it follows that the mar-
ginal cost is simply ten times the product of the probability of a crisis

13Colors appear in the online version, but the lines are also labeled and easily
identified in printed versions.
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Figure 4. The Probability of a Crisis, the Policy-Rate
Effect on the Non-crisis Unemployment Rate, and the

Marginal Cost of LAW for Svensson (2017a) (Solid Lines)
and Gerdrup et al. (2017) (Dashed Lines)
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and the policy-rate effect on the unemployment rate. The hump-
shaped solid red line then shows the CB benchmark marginal cost,
thus calculated as ten times the product of the solid green and black
lines. It is the same marginal cost as in figures 1 and 3. The area
under the marginal cost is the cumulative (undiscounted) marginal
cost of LAW, shown in figure 2.

The dashed black line in figure 4 shows the inferred GHKM
policy-rate effect on the unemployment rate. It is inferred from the
output-gap impulse response to a monetary policy shock in their
figure 3 by a change of sign and division by an Okun coefficient of
2.14 The CB benchmark probability of a crisis is assumed to apply
also to GHKM. It is approximately consistent with their assumption
of an annual steady-state probability of a crisis start of 3.3 percent

14The policy-rate impulses in CB and GHKM are somewhat different, but a
correction for this would not change the conclusions.
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Figure 5. The Probability of a Crisis, the Policy-Rate
Effect on the Non-crisis Unemployment Rate, and the

Marginal Cost of LAW for Svensson (2017a) (Solid Lines)
and Bauer and Granziera (2017) (Dashed Lines)
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and an average crisis duration of two years. The CB benchmark cri-
sis magnitude of 5 percentage points is also used. It is approximately
consistent with the unemployment increase in their figure 1.

The dashed red line shows the resulting GHKM marginal cost,
calculated as ten times the product of the solid green and dashed
black lines. It is dramatically different from the CB one. The fact
that the policy-rate effect on the unemployment rate is quickly
falling to zero while the probability of a crisis rises from zero results
in the product being very small. Whereas the CB cumulative mar-
ginal cost up to quarter 40 is 3.6, the GHKM one is only 0.19.
Clearly, whether or not the policy-rate effect on unemployment is
hump shaped has a big impact on the marginal cost of LAW.

In figure 5, the dashed black line shows the inferred BG policy-
rate effect on the unemployment rate, inferred by a change of sign
and division by an Okun coefficient of 2 of the output impulse
response in their figure 5. The dashed green line shows a linear
approximation of the probability of a crisis, consistent with their
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assumption of a steady-state probability of a crisis within eight quar-
ters of 6 percent and thus a quarterly probability of a crisis start
given by 6/8 = 0.75 percent.

The dashed red line shows the resulting BG marginal cost. In
particular, the negative policy-rate effect on unemployment after
quarter 10 implies that the marginal cost is negative after quar-
ter 10. Indeed, the cumulative marginal cost up to quarter 40 is
negative, –1.3, not positive. The cumulative marginal cost is actu-
ally a cumulative marginal benefit. The importance for the marginal
cost of a realistic and empirically supported policy-rate effect on the
non-crisis unemployment rate is clear.

6. Conclusions

The debate about costs and benefits of LAW is likely to continue, in
spite of considerable evidence that the costs of LAW exceed the ben-
efits by a substantial margin. New papers with different approaches
and theoretical and empirical results from the old ones are likely to
be written. It is advantageous if the different old and new approaches
and estimates can be compared and understood in a simple and
transparent framework. With only a few building blocks required,
the simple and transparent framework of Svensson (2017a) is a pos-
sible candidate for such comparison and understanding of different
results about the costs and benefits of LAW.
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